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TOPO MAP NAME: RUSTLER PARK -7.5 MIN 
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~ 1.. Ger.c~D.l Str:te!:1ent 

fi !" i 8Ct and R:?l.1;~:::'8 ot--' $tn.o.ies 
The purpose of the range of 8'cud~,cs included in this report has been to 

determine the geological facts ~epl"e~.o:r:.:'ed by this !~rour:d c.nd its ir!1,TIcdiate 
su.rro'Llndings, to nl~ri"tle at an und0rst.nncij.i'lG of the geological cOl'lditions, and 
to for~ulate a practical stat8n8~t cQvGring the n3t~re ~nd origin and expect­
able behavior of the ore deposits. Al2 of these iter::s fall :L>'Jto the sctem<; of 
a general geological report, U:(j cxr;lD.n[~tio~~3 a:::d co!:cl'C.sion3 of which upply 
"'Nith equal force to both P~"CpC:::ti88Q Gex·tain spcci3.1 problc::s of develop~ent 
and treat::1tmt, hOi7~VCl", are m0!'('.l liE'J.tcd in their f: :.;plicaticr:. af these points 
a. stat.ement ap})licable to o:ne p2.rt of tho gro1.1:'ld or to one property may not 
fit Bll0tller part, at all; al~d th8r:.::fc-re the88 si-;8cial probJ.e~::s will be trea.ted. 
in separate memoranda or supplinent.::.ry report.s .:J.S in5.icilted i.11 the introduction. 

1. General Statement 

a. !Jocation 
The liill top and Bill topE::bns:ton p:oopcrtios are loc3.ted. in the Chiri­

carma .(;'lountuins in the e:.:tl"e::;G caste('n m,,,rgin or CochiS8 COu':lty, the last 
county in the extreme southD['\stern corner of Arbon2-. The nearost railroad 
station is Rodeo, New r':exico, on the El 1'$SO and south~yestern Hnilway at a 
distance of about 22 miles by wagon ronde 

The properties lie along the r::H .jol~ r::lOu-"'-rt.s.in ridg'3 \'Jhich extends in a 
general N.W. and S.Ee diroctio~1 bet'."Jeen Jht1S Co.nyon and E::;.nds Pass, jus·t south 
of the line b",t\";een the San SirJon Gue.c!!'2.ugle on t.he north and the Chiricahua 
~;uad.l"a:tlgleo The ground thU3 lios wholly vIith:in the Chil'ic ,"l::u3 toppg:r-&phic 
sbeet of the U "SO Geological SU.!'VG;l nea2' its nort.bern margin at one of the 
narrowest parts cf.' the Chiricah~la ;Bountain Ha.."lg':l. 

The top of this mountain 1"311:::;0 lies considerably above 70C'.J0 i'eet 9. nd tha 
prope:cty li:nes on 9i trIer s~,de in pla ces :reach do:Ti'l. to about the 6000 foot line. 
Rodeo, which has a elevation of' about /~100 £',:':;ot, thus lies cJI'.')st 20(;0 feet 
lo'::er than the EDItop plant . O:'he cutlet by rm.gon l~oad is on an eusy and 
p!'2.cticclly contjnU0tlS grade, n f,ict of r.mch i mportance irl the further develop­
ment of the ground to a pl"oducting sts.ge. 

b. Extent of tilO ?ronCl"t5_8S 

The Hilltop groU!:.d incluClBs 35 f.:!lninz claims, t!ost of "hich are of' stand.."ll"d 
size. '1'he m;lximum length of' this property lies along thericlge more tha.ns~'J'en 
clairr!s long or about. 10,500 feet actual measure in a stra.:ight l 'be from end to< 
end - o.pproxi."llately 2 miles" The m::'\x i muu width is in the central portion "",t,<:>'r> ... 

9 clai..~s cover a \"ddth of 5750 foet, or a little t10ra than a fJile. At 
ends, however, this property is f::luch narrower, 1.375 feet at the extreme 
west and not more than 500 feet at the extreme southeast. Tho total area 

Genorel State~0nt 

rib i 8Ct and R::1_r.J~·9 ot St11o.ies 
The purpose of tbe range of stud:!.cs included in this report has be~n to 

deterraine the geological f:!icts repl-'ezo:rrc·cd by' this l~our~d L!:ld its ir!1ITIcdiate 
su.rrol.lndings, to al--rive at 5.11 ul1,j.ersto.ndj.ng of' the geologic,'ll COllditions, and 
to forr:;'l.llate a. practical st3.to:::.e::lt cO"'!7oring the nutl:re c.nd origin and expect­
able behavior of the ore deposits. All of these itor.;s fall bto the scl:::em<3 of 
e. gC:1Gral geologic.sJ. !"GPort ~ tho exp12m[.;.tio:~3 a:,;:l conclusioil3 of which upply 
'with equal force to both pl.-'CPC::ti884 CeI~tain S1Joci3.1 p!'oble~s of develop~ent 
and treutZ:lcnt, hOi7~vc.r? are ln0!'<-) liLitcd in their f::,;?lic.~ticr.. af these points 
a stat.ement ap!)licable to OI)9 P2.:rt of tho grou::,d or to one ;;roparty may not 
fit B!10tller part at all; 51'!!J "tl1Dl"'8fcre trlG8e ~pocinl pro:JJ.e~~s will be trea.ted. 
in separate memoranda or sup~linent31"'Y reports as inJicJ.ted l..Yl the introduction. 

1. General Statement 

a. !Joca t ion 
The Eilltop and Hilltop E::t(ms::::m p~oport:i8s arc loc~t~i in the Chiri­

canua Uountains in the e:.:tre:.:e easte\'n r:.l~:.rgin of Cochisa Cou:'"!ty, the last 
county in the extreme south~[-(8ter:n corner of Arbon::... The ne:l.!'Gst railroad 
station is Rodeo, New r,.:axico, on the £1 Psso and Southwestern .rlnilv:ay at a 
distance of about 22 m.iles by wagon ro.::d. 

The properties lie along the r::[.~50r I:l0unt.3.in ric1g'3 ;';""hieh extends in a . 
general N.n. and S.Re diroctio::"! bet':Jeen Jiit!.S C::myon and Ean.ds Pass, just, south 
of the line b :::;"cY:oen the San S:1.:'10:1. Cue.c:!'::!ngle on the north and the Chirieahua 
~;uad1-angle.. The gi:"oi.md thus lios \,holly withln the Chil'ic:".!:ua toppgr-s.phie 
sheet of the U .. 5. Geologiesl Sl.l1'VO~l Dcar its nor-cbcrn margin at one of the 
narro:'lcst parts ot' the Chiricahua ;:lOlh"ltain 11a...'1g'3. 

The top of this mountain r.nn::;0 lies eonsid0rably r;bove 700G feet ':lnd. "tbe 
propcz-ty lh:es on ei the!' s:'i.de in rla es£; reach do':77l to about the 6000 foot line. 
Rodeo, which has a elovation of u.bout /,100 f,;:;otjl thus lies aJ.r.:ost 20GO feet 
10 ... :01' than the EDItop plant. ':'he outlet by \;agon roc.cl is on an easy and 
pr2.ctically cont:imlOtlS o'acle, n frwt of r;:uch iwpoi"tance in the further d8velop­
ffiGnt of the grou.:nd to a producting sts.ge. 

The Hi11top g~our~d includes .35 r.11ning clnirn.s, t10st of iohich are of standard 
size. 'l'he m; ~ximur.:l lengt.h of' this property lies along the rid.ge ffiore thans~ .... en 
cl::.ims long or about. 10,500 feet actual mec.suroin a straight 1·l..Yle from end to· " 
end - approxim.atcly 2 miles. The mqximu!:l width is in the central portion i1her,~; 
9 clo.ims cover a y:jdth of 5750 feet, or a little tiore than e. mile. At the:tiiO ;}~;; 
ends, ho,:ever, this property is ;:iuch narrovrer, 1375 feet at the extreme north":": ,.,,,: 
v;ost and not more than 500 feet at the extreme southeast. Tho total area ·j,:ii;,~~~;i;'~:L 
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therefol"e is sor.:m'inat more than a aqU<lr0 mile but it is stretcbed out irregular­
-ly along a stretch of t\';o r:1ilos over a nd along an exceedingly r'..lgged :nountain 
ridze. 

\rhe liil1top E:{tan.sion g!~Olt!ld lies in t tlO 'r'Jjrdel:~ sep:J.rat·ed tracts, one at 
either end of the Hilltop ground and Is.Pl)ing pr.rtly around these ends.. The 
nu:.~ber of claims involved is 36, of t:hich 19 lie alo!::£; and at the north~;!est 
end of' the I-li.1.1"t:,op ground 2.nd 17 nt the south end ., '''fbese clt1.i1i1s are r!:ore 
irreffJ.la.rly pbced than are the Hill top ch.bs but together '\'11th then~ the total 
lengt.h of tO l'r:tt0~r covered c.ru)1.mts to 17,25(J fect, orns<',zol;:;r 3 l/L ... miles. 
At the same time the cIa "l r;; s 9.1"0 locs-ted in such a \;; '~nner us to oake the avezougs 
,:;:i.dth more than half a ':'lilc. 

The total ~rea of both r:-or;erti.es is ttuz comJ:i.dcT'£1bly more than :2 :>(l'J.are 
miles. 

c. Preli~nln?:rv C~!'1de~s ~~d S1J mr~~1 :ry 
Tho gC11er,'3.1 gDologic· (~.l fea.ttlre ~1 of: tl~oSG 'c,~a properties are practj.cally 

:identical. On this uccm.: nt tLG viholo 0.:" '"; 3. coverod by the tv!O holdings togetl:er 
with some additional adjacent ground is t.reated as a single geological pro~le:l. 

The Chiricahua ~ ,j o12ntabs rGprCS<3~-lt a partially eroded series of Fault 
blocks, tilted snd. c:co,.\~zd against, eELch ot.her, cut by a cOl:.sidcrable variety 
of Igl:60US intrusio::!s, 'rhicrl in p12.cBG e~"~9 cOTler-ad b~,r lat<~;r la'!la rlo~;;s u."ld 

1 r.,\~-1 ' ''!. ''~-r~ tr. ~ ":-.;"h ,,1!":1 \~ r. .. 'W .. ~ _ -:.., • •• (', ~l C ;'" " .... ··· fi .,.,?·~ ~ ,... - ~ ~~Ar,:,"""'~'l' ;~ic';' ~ th +,..,... VO~C- .• J. ... ,c "tu:~_"" __ '" .. ~.~_"" C..;. '-e .Le •• L_ . • "'''' ,;:;l" .• • • u. ~.no ... O •• ..,l'-'~_u.O Y.'-<.:1"" ,·01: •• an ,,_.0 

s~,;rrou.l1(ling country. ;:the SU!-:'\>ou..!~d ine cottr.L"tr:7', Y~l"lich fo~el~l:J' must have OBen 
w!1ch lower than it is now, "haG besn filled in by the wash fr ')f.) this and other 
neighboring m~sses, - All of tbs waste l~:rom t.he mau.ntains beir:g deposited iu 
the intervening valleys o:r c(1sin::l untn t.hese places b.lVe beco::e brosd and 
comparatively fInt lOYllands 1 abOve which the Chiricahua mouIJ.tains stand as a 
cooparatively isolated grotrp representing a series of tilted and injected fault 
blocks. 

'11",0 Hilltop prOI)srt:le s 1io on one ththese sories of fault blocks consti­
tuting the Chil"icnh'lB. grou.?~ NOlle of" the ground of oi ther propol'tien reaches 
beyond the li~its of this single fault block. 

The particular block, ..-,hich r:light. \";;a1J. bo called :1the Hilltop Bbckll , 

is :,:nde up chiefly of sedi.::,lGntm"'y rocks foZ'rlo.tions including quar·czites, m:irble, 
lit~estQnes!l sandstol1.9S UIld sr:~11es, in a great eOl1tinuous serieo 1!:h5.chfro:l 
bottora to to~) In39.su::."'el at least lO~OC0 feet of total thickness. 'l'1":e:e seJ.i:ne::­
tar;:r beds are cut by !1'.'fwrOU3 int!""Ci.siv-os in the f orm of dikes and largor ::J[:sses, 
::;08t 01" all of \7hich probably are sin:p1y the upwnrd or outwt:.rd extre::o reach 
of off shoot.s frorl a still larger bathylithic igneous mass lying beneath tha 
\'ihole district. 

L1uch of the sedi;'lental"'Y rock, ospecially the shaly lirr,estones, have been 
rcet.ar:1crp!losod by tbase igneous invasions "i til the develop!:ent of great que.n- -
tities of silicified and s:Uicated rock; but in most cases the original nature 
of the rock is faiZ'ly well preserV"ed in spite of these changes. 

".chis "Inola se:des of 1'001::3 ~ms badly tilt.ed at the tine that the region 
broc!{ up in.to blocks, IJ.r~d , in ' su"bsequt;nt c~"owdil,g the ec.st ai.de of the block 
VIas ja!a:;'.ted over to mwh amount that, the beds no'i'1 stand overturned along this 
margin. In tho middle of the block the beds stand in pleces almost vertical" 
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therefore is sor.;c-;:-;rlst more than a cqu;:r0 mile but it is stretched out il'regular- . 
'ly along a stretch of t 'l'JO !'.:lilGS over and along an exceedingly !"'..lgged. :nountain 
ridge. 

iI'he liilltop E:{ta!1Sion g !"Olt!ld lies in t tl0 TrJtdcly se;<lrat-ed tl'octs, cne at 
either end of the Hilltop ground a~d If.Pl)ing p;,;.rtly around these ends. The 
nu:.;oer of clnims involved is 36, 01' ;;/ nich 19 lie alo!~e end at the north.'.'!cst 
end 01.'" the 1'1i .7.1 top groll.?1d 2..nd 17 at the south ~~nd . 'These CltiiTilS are n:ore 
irretrJ..larly ph.ced than ~,re the Hill top cl'd.:m but together "lith thet:~ the total 
lengt.h of tOl' r:tto .. --y covar ed. c r;:ounts to 17,250 fect, orne<"1'I~~ J l/l .. miles. 
At the same time the clalr:: s are locr~t8d. in such a r:: '~ nn ,er us to tlake the average 
,,;-;idth m0re than hG.lf a ;r;ile. 

The total area of both p:"o:G8rt:.es is thus cor.,aiderably more than :2 sq~are 
miles. 

c. Prel i rni.11::.:'rV C~!'1dens~~d Sl}Dr~ ~.:-.. :r :' 
Tho ge:ner.;}.l geolof~ic·~:.l feQ.t1..1re~ of: tl:.es G }C,~.,;:"0 propertics v .. re practically 

1dentical. On this <1ccmmt tbo 'iiholo 8.Z· ,} 3; coverod by tbe t v,'o holdings together 
with sone additional adjacent, ~p::o'..md i~ treated as a single geological pro:;1e:l. 

2.'he Chiricahua ~}:)1..:nta~~ns reprCS>2)~1t a partially eroded series of Fault 
blocks, tilted und c!'o7;E1ed against, e ach other, cut by a cOl;,sidcrable variety 
of ig~eous intru,sio!':'~ s, v:hich in p12.eeG e..~~9 cOTve!-ed oJ,r lat'~:r la·Ja. rlo~~s 8.."1d 
or"o'c t..'l"'';c tuf~f*~ tr·e ~;'hf"t'e CCj""~'i.~)1 ey· D~~~lS ~ st~ f' ';''''ldj n~ ~o?1.Gl·d".!l""n.bly l~· ;"·; l er than t~e " .... ' .~ ..... "'"'-t..J,...... • ..... -'- ..... 1. ......... 4.0 - " 0...;- ... .... . " 0 '-'. ......- ..... -0- . ... ... -

S i,;1'rOU.11(lil1g country. Il'he 512T1.~011I1d ine Cot1r.Ltr:r, 1~1}ich fo~e:i"'l:! must have been 
wuch lowe!' than it is now, b :.\ :3 been filled in by the wash fr ')):-: this and other 
neighboring nl2.SS$S, - All of tn.::: was te from the mcuntains beir:g deposited in 
the intervening valleys o~ co.sin:! until these plr.:;ces h3ve beco::e broad and 
comparatively flat lOYllanas, above which tho Chiricahua mountains stand as a 
comparatively isolated grou~ representing a series of tilted and injected fault 
blocks. 

'I'he. Hilltop prOl)al'ties lie on one ththese series of fault blocks consti­
tuting the Chiricl.l.i1'lD. group~ None of.: the gZ'ound of either propcrtien reaches 
beyond the li!'.'lits of this single fault blook~ 

. The part,:i.cular block, '"n i oh r:iight. w;alJ. be called :1the Hilltop Bbcklt, 
is :;:ade up chiefly of s0d:b:en.tm~y 1'OCk3 formations including quart,zi tas, In3.rble, 
lir~estQr;es!t sand.ston.ss arld sr:files" in a g~eat COl1tinuous serien ~!;h5.ch _fro!1 
bottora to to~) m~,e.su::.~ed. at least 10,0:::'0 i'eE:t of total thickness. 'l'}:e:8 sedi:ne::­
tar:! beds are cut by m' fi:erOU:1 int!'"v.sivos in the form of dikes and largor w£:sses, 
=~ost Ol~ all of \7111ch ;:r.obably c:ore sin:pl~r t I1G Ur)~Jl1rd or outward extre::o reach 
of off shoot.s frofl a still larger bathylithic igneous mass lying beneath the 
\',hole district. 

ft!uch of' the sedi:!lental"'Y' 1"0ck, ospecially the shs'ly liiT.8stones, have been 
~et,ai;!Orp~lOcDd by tl:ese ign.oo1ls invasions \~ith -t11e developr::ent or great q"IJ.an- - ~ 
tities of silicified. and sHicated rock ; but in most cases the original nature 
of the rock is fairly 71',311 preser'\Ted in spite of these changes. 

"fhis 'ilhole series of l'ocl:s vms badly tilt.ed at tr;a tine that tbe region 
broc!c up into blocks; D.r~d in ' subsequiClnt CTO'.'idil1g the east side of the block 
was j a!rr::'led OV6r to such ar:lount the. t the bods no'~ sta.nd overturned along t.his 
margin. In the r.liddle of the block the beds stand in pIeces a.lmost vertical,' · 
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Tne crG~.~~~ding or the block 1~e.sl:1tecl in n g:re~,t deal of small thrust faul tir.g 
and oveT'l"'idinZ of coraret:3n.t or hnl~J. bods over o-ti~e!" v:,za}:or ones, to such a~tent 
that i11 sO!::e places thG succession ot' stl'e.tB. 10 Vol',:! I;nlcb, ~:l.Crti4.1:·l;;~d. t:p. e~t;ap­

tional I')ls.cas sort:c slipping or s?~all faul tir~g is encounter-eel eV0Z'Y fet: feet 
and it bec:J:Jes particularly difi':i.cult to folIo'.',;' cny but tho E10st massive or 
rr:ost co:n~·etent beds" TbJ:: ig~1eous intrusions doubtles~ ad.dad te;, this disturbance 
and conf~J.sion but. the regional CJ.~c"d:':r:.g S08,,:S to bave been r.lore disturbing than 
th.e ,igneous illvasions in this partictunr eround. !"el'J~"esented by tb.e Bill'Gop 
block. Toward the end of the series of distur:xmces s~ll cross faulting 
dev.elcped alone the whole r1.dge, e.nd th8 b:'8:::'~(S of' this stage seem to be of 
particular ilnpo~tance in cor.1:0c"Gion tiitb. tho ore deposits ar~d in mining opera­
-!-" ..,~one. 

Ths ore deposits lie L~ these. sedi8B;~:ta~~y rocl:s, the pri::lcipal ones, as 
far as yet discovered., lie in or are assQci::ltcd closely vd th the Hilltop quart­
zite, th:z bed 1:(}lich forrts tb.o hi,ghest ~J:'tion of tl:e ridge thrctJ.ghol1.t r!!ost of 
the e:rtent of this p::.'oporty •. These C~~8 c.eposits are undoubtedly inti:;'1ately 
cOI!nscted genetically \':ith Dotll tl"~e ign8clls o.n(1 the d~rn!l~ic 11istory. The c11ief 
items of this history are e.s :;ollo-v:s.: 

1. ~\ll of the pri=~ar}'" ore hn.:1 beG11 il1.trcduccd' into e.r:d throuG~h fractures 
, 'h -~,. 1 1" . '" ·i "'1 t·- - '" an.a ...,eaa.:s.ng panes an-: o-C.GG1"" lT8al::neSSGS ~t:r:Ll:g an~a. esp':3c a..i. y e ~rie Cl.osa o! 

tri.e contact. metamorphi,s:1 pr~/ J:iu,c.ed. b:r t:-.8 igr:eous irltrusiv'c ~asses-. 
2. All of the v~lrlable deposits es fa~ as :,ret l~no'icn, ~.'~· ej:"'a r.:ade !lot .the ve17 

close of th"ls cont2ct l:istolj- after D03t. of th.;; s:i.lication of the li:::estones 
had been completed and znost c&f ':t:,12l1 roc1 ~ fcrn:J.tio11S tad b'een so thoroughly 
transfo!,Tled that it 'NUS not eaSjT 801)37 r~ ore i\)r the uj.ncralizL'"'lg soluti:;ns to 
penetrate the Cl\terage roclr. ] ·ut \Vl:81"3~:er fractl~.rc~ "£:'011 0 developed, espacie.l1y 
the cross fractures with 8::".2.11 faul t L~ove::ler:.t, cr whe:z.'cvGl" tbe rock bad escaped 
earlier motar:.orphis::!. and v,as inclined t :) be brittle and form connecting fr:::.c­
tures rather tban masl1 ir::,:::o nGY; position, thel'"'6 i ,t 'Gas still easY' fer thG. 
mineral bearing solutions to p:;~ctr3.t0 DId. deposit this nineral loed. 

3. Thus it 11sPPc'TIcd thnt ~:10S"b of' tlj'3 01"'0 bodies, as far as yet developed, 
are irl~ezular 1')ranchin~: U11d bunch:r d·sposits of Ci1ir!l!le::r like form cut.ting Ur) 

tr.rough the :nearly vertical or DtGepl~'" tilted Hilltop Quurtzite. This quartzite 
y~4ns- the .mast ;')l-'i ttle and len.!.j·t affected o:-igil::.al member of tlle series nt trla 
ti:~e t'b.is r:.lnGralization 1)i':G~n u:~d~ cor:s8crue!!tl:t TIas forno~ a good final otltlet 
for the !:'~ir:r3r31 bi's3r:i.11g solu.t:1.oYlS ~ :~"any of these cross f:s.~n.c-t11l"'es IT12.da CS2)'8cially 
good outlets arld. in the:l.l'" "'vi:'iTlity depo3its C1""e uSl.lc.lly found. But at otl1€-~ 
places also there are siniler results;;. and. at scr.:e of these internediatc points, 
tha.t :i.s betv.-.sen the cross fractu.::-es, tbG form of deposit is even more chi::mey 
like than at, the cross f~-'Oa.ctu!'es. 3ut fro;J th.e nature of the case, witl'! such 
an origin, the deposit ought to be very irr'ccula.'l:' and obscurely conrlectedo:"' 
perhaps in S0:,,0 cases not COTI'H:cted Ints:~al1y at all. VCl"tically~ hO'i,cver, or 
aO'!'in7;isrd t!!ere n:ust be rr.tllch bC"j"!ctel" arl~l Cvre CQ11tinuous connection, and r;i~J1qut 
doubt the mineral deposits c,~n be fol10tred ~uch more SUCCessfully either by 
winzos or raises than be drifts. Thera ' is no yltJ.y of determining vihera tbe next 
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and along this portion the EilltopQuartzito forms the Cl~~~~ for ' . 
so!?o distance. On the west side of the riC.T;0 tho beds all d~P>~~~'~' ' 
ge:!.1tlyto the "cst or southYiest and the dip of than becorc.os c'Ji::par,,"'~-c ~ 
alo::.g the extro;:;e wcst;3:!.'ly edge of tho block Yinera tho overlying an::lGsL.. N > 

coyer then. 'rhus th3 Hilltop bloc}: i::; esse:ltially a naS3 of' bedd.ed rock 3 J. ~l 
milos long and close to 2 niles wide 1''<o.ich bas n~t only been tilted but has bld 
the edzes of its beds overturned m::d wuch crotlded .from one side until thoy n01: 

stand in th'3 form of ~'1 u..l13P~lCtl·ic.[:l trou;;1:. 

Tna crGl:~~ding of the block l~e ,sr:ltG(l J.2! n Er8?t deal of s:uall thrust faul tir.g 
an~ overl .... idinz of ccm.retant Q1" hnl~d bods ovo:t oti!lel· i!: ;3al~cI" ones, to such a~tent 
that in 50!::e places the :::lUCeasfJle)!\ of struta 115 V¢;j.<y t:,1..tcb, c1~Cltt:;,.r'l:lc:ld. :ttl. (lAP0l>­
tional ~rl~"CeS SQ~nc slipping or s!::&11 13.u1 tir~g is encounter-ad eves:y fet1 feet 
and it beco::1es pe:rtic1.1.1arly difficult to follm'J cny but the r;-;ost massive or 
most cO:1:;·etent beds o Tl:te ig~1eotlS intru~ion3 daubtless added to this disturbance 
and cor.d~lsion but, the l .... cgionnl cl~o:;d.ir:g sceli:~S to haVe be·en 1':101--13 dis·turbing than 
tb.e .igneous invasions in this ps.rticu.lnr eroun·,:3, repl"enented by the Bill"t,op 
block. Toward the end of the series of d:istur';)unces sl:'"!!!11 cross faulting 
dev.eloped alone the -whole r:1,dge, 2.nd the brG:::':<s of this stage seem to be of 
pa.:r"ticular impo~tance in cor.:.r:0ction y;i"tr.l tho ore deposits ar~d in oining opera­
f.' ... ~or..s. 

Ths ore deposits lie i:~ t.hese sec1ise:~tal~Y roc}:s, the pri:lcipal ones, as 
far as yet discovered, lie :in or are associated closely vii th the Hilltop qusrt­
zite, the bed. 1:(}:ich f'orrr~s tl'10 hii~hest ~a::'tion of tl:e ridge thrcllghou.t nost of 
the extent of this proporty • . These C:i.~3 c.eposits are undoubtedly int.i!'.;ately 
co!!ne:cted genetically ~'o;ith bot~l tl"~e igncclls· and. the d:vn!l~lic l::istory. The c11ief 
items of· this history are ,~5 folloy/'s·: 

1. ~\ll of the pri::~ar;t ore hU::3 be~ll intrcduced' into ~r:.d ttrouG~h fractures 
E!.!1d bedding planes an~:l other rreai:ness;3s ::lurir:g a:ad especially at tile close of 
troiS contact. metamorphi.s:1 pr()dtlCed b:r t:-~s igr:cQus ir~trusive ~nsses·. 

2. All of the v·:s.ll1.able deposits a~ fa~ as ~ret l~no;-~~n v~· ej:'''a r.~ade c.t .the ve17 
close of tb.ls contact histo!J- ai't:er r}:ist of' t!l·~ s:i.lication of the li:::estc·nes 
had been completed and most (;f th'3 rocL f'orr,;':3.tions 1:8d been so thoroughly 
transforrJ.sd that, i t '.t~1as not e3S~r D.1Jj7 r~ ore f::;~ the ulncralizLi.g soluti:.;r-s to 
pene·trato t1:e a".rcT2.gc roclr. B·ut ~"!1:81"e-::er i"ractl1.!"c8 v:crc developed, espaci.?.11y 
the Cl"'OSS :fractures rlitb. z :::all t*"2,ult r.~o';e::le!:..t, cr 1vhe:z.'cvcr the rock bad escaped 
earlier ::nctamorphis:!!. and VIas :inclinGd t :;; be brittle and form connecting fr:J.c­
tureS rather than mas11 ir:-"~o l1.erj position, there it \7as still easy fer thi3 . 
mineral bearing: solutions to p·~!!ctrat0 Cill,:i deposit this nincral load. 

3. Thus it happened t.hct ~:10S-G of the ore bodies, as far as yet, developed, 
are in"ezular 1')ranchi;1.f~ arld D1.mchy d'3pOG:ltS of ci1ir:rrle~r lil~e for~ cutting u}:) 
tr~ough the nearl:r ve~rticcl or crtcepl~7' tilted Hilltop Qunrtzi.te. Tl1is quartzite 
Y~·ns· the . ~ost bl~i.!utle End lerifJt, af.fectod o~igil::.al ll~mber of '~lle ssries at trle 
til~e tts.i~ I2il1G!aalizution b iJg£.u u!2(1 C 01::;8cr!le~tly· Y7aS fO!Tloj a good final otl'tlet 
for the !:'LinraT31 bi'ssr:i.I1g solu.t:1.orlS ~ :~'<any of these cross fj.~n.c.t11l"'es mr..da eSl)ecially 
good outlets arld in the:i.l'" vi~irlit.y deposits cr'e USllC.lly found. Eut at otl1€-~ 
places also there are sinilcrresnl'Gs;;. and at scr::e of these internediatc points, 
that j.s bet-r.'.een the cross fractu.::'es, tbe form of deposit is even. more chi::mey 
like than at, the cross f~~a.ctures. But fro:J th.e nature of the case, witl1 such 
an origin, the deposit ought. to be very irr'ecula:;:," and obscurely coni'1ectedor' 
perhaps in SQr"C CaDGS not COTI';cctea lntsl"ally at all. Vcrtically~ hO'i,cver, or 
dC~in7;ard t!!ere r1ust be rl"ll1.ch b(rt~tel" a:n:l Cvre C811tinuous connection, end r;i~. 'r,1qut 
doubt the mineral d.2ponits c,:m be foll·Jtmd l:1llch more successfully either by 
winzcs or raises than be drifts. There ' is no Yiny of determining rihera tbe next 
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"Otyl:b ~,"O o..~. 
!:i-hel':?l chimney is, in exploring laterally, but in the other dire~~«4s l'o'~-
dOl.:ttless they branch 2.nd connec'!> in a pc:cfectly consistent m;:nner, ';;hi~o.~£_~l 
th-e actual worki:lS of' tl::e :line will Dot be found very conf .. ,sirlg. ~;:.itc 

4. All of this r-rim~ry m.ineralization ca;ne from below fran igneous sourc~ 
The rdn~rel bodies are only t.he conduits 01' coursos of the escaping solutions. 

5.. The type:s of llinerclizatioll repre3cnted in the prin.ar--,r are a.."'ld the 
""el~+crl of"'.p '·'l"" ~"'" .o\Y'c' .. .,rlo / . • ~v ~ ~~.~_~~ _~. ~~u_, 

a-Silicatioo of the lir:12.stones 
'b-ILtrod~1ction of p:v-rite al'l·j 80:l8tirJ.es otl1er 

Slllphi'd-e~ du~ine silice.tion 
c-l1cplace;::;ont lkestone and quartzite by other 

ITlinernJ. mB. tel--ial 
d.-Vein and cavity ar.d .3pace filling by ore minerals 
6-SC!ne silicificstl":)11 Or' dovelopInc11t, of quartz 

fiJ.ling· an·j replaccme nt,(" 
6. The chief developr::cnt of valuable deposits belongn to c ~md d above, . 

i.e., space .fillir:~~: and replacc~'lGnt. Tl~e principal prinury uinerals baing 
su1 Dl:i:les of the COt':'7;) aZl ~etclS. Tn trlG y;ori,:in~s tl:us fa.:· the princiDal ones 
are't1::e sulphides of lea.d!/ iron p zinc, corper,~r:olybdeuD fui.d arzsnic' (galena, 
pyrite, sphalerite p ch2.1copyrite, n(')lybd~nite en:l a!"senopyrite.) Doubtle3s 
there are others but, they do not appo,lr pronin:;.tely. 

7. The Hilltop qU2.rtzite, ho:~e v0::'-, ';;r,s eithel~ not very cO::lpletely 
c8:J8ntBd. by tbe mineralizution process or it suffe:.-'3d still further disturbance 
y;ith reopenint; of fl"!lcturcs, bcc8.two in 2'.lcb. lOoter ti~e? after considerable 
erosion, surface l-ain ~fate~ t:egzl!:: to I>9l:'·colate d.or;n irLto ar.d throug11 this same 
oineralizcd ground. Tl1is 1~8:zo..!"1 t.o alt cl~ and disscl,te and [.",c;,re and reorganize 
the original ora d2posit~, 11i218::\8;13. 50::.:'·9 r::atcriul bns b·3cn dissolved and. csrried 
a -r:}:J.Y leaving a Ca~!el·r!Ol..::! habit nt 00::::,3 pl[:ces a In ether pl.t~,c8 s., 7.b.ere t11c 

stru.cturc is still tight an.d the su.rface y:utel's did not SUC(; ~;Gd. ve17 well in 
penetrating, the pl~ir;:ary !:l'i"lorals '8.2.y- stHI he found quite fresh and undistUZ'bed 
in their original r-'dlation to each othel" and the country rock. In sti11 other 
places some of the orcs havo been oxidized, and c9.1.~bonfltcd una othe!",';iso recom­
bined with portions of free D:.inol'al elolT;onts for:dng a whole series of secondary 
products. Among these are the sulphate s.nd carbonate of lead (anglesite and 
ce1""..135i te), the molybdate of lend (,;ulfcni to)>> hyd!'ous iron oxide (lboni te). 
:~any others are to be found but no othel'S <.~re of equal promi.;J.~.nce. 

8. As deep as esploratory \ilOrk h?s gone, these secondary effects are to 
be seen; but it is not to be expected that such pronouncod oxidation will extend 
to very much greater deptho . 

9. The F-'l"irno.r.r minerals, hor:8'10!', may be expected to continue and since 
they curry the valuable metals in 8-.;en noro recovorable forC! than do the secon­
d9.1'Y products, such a cb:m-b8 of conditions may be looked fo~~~':srd to v1th more 
t rJan u.:su!il satis.faction. 

10. It is ;:;ro03:'ole than in addition to this change to prir,lary chsr'acter 
of the ore, there will also be sor:cz Ch!:"lng8 in tha r:lil1oral ~h::t'.1re or proportions 
of the chief const.i tuent·s.. Zinc may be expocted to increase and a.lso iron and 

,copper and probably silv$r, but lead may be ex.p8cted to decrease in proportion 
with great depth .. 

11. No yery suddm1 changes or any kind. ere likely to DG encountered but 
at considerably greater depth than bas yet been reached, the mineral bearing . 
solutions !:'lust have croszed the underl~Ting limestone beds in order to reach -the 
quartzite and there it may be ~ell that disseminated ore will be found replacing 
the li!::estone. 
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~{~eral chimney is, in explnring laterally, but in the other dire~~~~. 
dO't:1::>tless they ~ranch ~nd c~nnec'~ in a perfectly consiste~t r:',.nnGr, wh1 ·Qll-tc _If!. 
the actual tlo:rk~:::lS of t.l::e ::l::.:ne \';11.1 not O() found very com '..1::nng. ,-"C 

4. t~ll of ~C11is f,rim~17 m.i.neraliz<1tion c·a:rre fror:; belo'\v i"tl"C~ igneous 
The rdneral bodies are only t·he COl1dui ts or courses of the escaping solutions. 

59 The t~JCS of ~ineralization renreacnted in the pri8a~f ore fu~d the 
~ .. / ol 

rel3.tcd effc~cts include, . 
8.-Silication of tbe Ij;-!12stoTl6S 

b-ILtrod~1ction of p:Yrit.e n11d. 80:l8ti.:.~es otl1e'r 
sul~hideG during silication 

c-H,eplaceClont li:r:lestone and quart2i te by other 
rrline~n.l ma.tel--ial 

d-Vein and cavity and space filling by ore minerals 
e-Sc-rne silicifies ti'~)11 0:::- dOv01oplncnt, of quartz 

fiJ.ling· an·i replaccment,~ 
6. The chief' develop::eut oS: valuab18 deposits belongs to c ~md d. above" 

i.e., space filIi!'.;:: and replacm.'lcnt. Tl:e principal prinary r:.iner2.1s being 
5u1 Dl~ides of the CCL':~;;Q21. :!etnJ.s. In tll~3 y~#or::ings tl:us fa:· the 'Drincinal ones 
are't1::e sulphides of leadj/ ironj) zinc, cOPI)er, r.:olybdcUlll a."1d ar3enic· (gal:ma, 
pyrite, sphalerite, cha.lcopyritG~ !:lolyhdenite 3!1:l e.!"senopyrite.) Doubtlens 
tile!"e are othet"s but- they do not appc~lr pror:!.in2.tely. 

7. The Hilltlop quartzite, ho\-::,eve::', ,;S:3 eithel' not very co:npletely 
c8:acnted by the t}1ineraliz,ation process or it ~:rLlffel'3d still 1'Ul"tl1sr disturbance 
tlith reopelli11g of fl~actur6s, b0C8.tlse i ll ~~ch lo.ter ti~e, after considerable 
e.rosicn~ surface l·ain 1'fate~ }":,·.3g::n: to !>8l~colate c.lo:-;n irl.tc ar..d throug11 this sa=e 
nine.ralized ground. T11is l)C:~Ul"1 t.o alter- and d:lS8cl,te find B~\ra and reorganize 
the crigil1al ore d:aposi ... t !:.i!1e:)al~. .50::.:8 rr:.atorial bD.3 b·~c-n dissolved and csrried 
a-r::-n.y leaving a ca~J·er'IJ.Ol.:S habit nt so::':; plccesl;t In other' pl.(:.cas, r;b.ere the 
structure is still tigtt and the i:j"~lrfi:1cE: TIaters did not SUCc ~"Gd.ve17 woll in 
penetrating, the pri:~!lry minerals -;:ie.3r stHl DS found quite fresh and undistUTbed 
in tl:eir original r--~lEltion to each other and. the country roc:~. In sti11 other 
places SOllie of the oros have been cxidized, and c9.l'bO!l.2.ted una. otherwiso recon:­
bined with portions of free rdnc:t'al elements f'or-;}ling a whole series of seconbry 
products.' it.mong those cre the sulphcte and. carbonate of lead (anglesite and 
C'31"'Ussi te), the !!lolybda te of 1e11d (,",ulfani to), hydrous iron o:-dcle (li:noni te). 
L:a.ny others are to be found but no othel's m:-e of equa.l promins.:.1ce. 

8. As deey as esploratory \';ork h?s gone, t.hese secondary effects are to 
be seen; but it is not to be expect~3d that such pronounced oxidation will extend 
to very much greatordeptho -

9. The primarJ minerals, how0w:r, may be expected to continue and since 
tl:cy carr-j' the valuable metals in even Bore· recoverable fori:! than do tbe secon­
d8;.!7 products, such a chunze of conditions nay be looked fO~~';'isrd to ..,-ith mora 
t han u.sual satiSl&ction. 

10. It is proDa"ole than in addition to this change to primary chsr-acter 
of the ore, there will also bc SOC1G Ch,"::'1G8 in tha mineral r:d:ct-..;.re or proportions 
of the chief cansti tuent·s.. Zinc IDa,y be expocted to increase and also iron cmd 

. copper and probably silv$r, but lead may be expected to decrease in proportion 
with great depth .. 

11. N'o yer-y sudden changes of any kind. ere likely to DG encountct"ed but 
at considerably greater depth the.n bas yet been reached, the mineral bearing . 
solutions must have crossed the underl~Ting limestone beds in order to reach -the 
quartzite and there it may be \,iell that disserdnuted are will be found replacing 
the l~estone. 

:'; 
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tions m:d~r l!l::;.n:~ sepc..r:::te h0<ds. "I'h:'~s nec i3ssariJ.y leuds to some repetition but 
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it cannot be well f.voidcd.. 'l'he cbief l<;tl"C}3 headings are, 

A. General Geologic Features 
B. Loc.s..l Geologic8.1 r)ctail 
c. S~,ecial Stt~:d.ie3 

D. The Oro Dsponits 
~o His..tco~ico..l S·cate l110nt 

F ~ SU:'J:cU1"7 of the Geological Conditions 
These arc taken up in order. 

A. General GeQlo~:ic F:2 ~lt~J~!.'Se8 

1. Relation to Old81~ Studied Dbt:::-icts. 
Although the geolozy of the Cl:.idca!-~ua :::ountail'1s is not v7e11 known, 

tbe locGtion sassestg e possible sL~il~rity to tho Bisbee rog!on and districts 
also within easy re<:>.ch in :~e·.'1 r.';e:dco~ IJothL-:3 nG.s been stud.ied in detail, 
howsve:-, ne2.rel" tli.3.n Bisbet) about 75 :.,il8S d1st'.<nt. 'There it is ','jell kz:o'rIn til9.t 
a great sG!;ies c,f sediIJentary be ds ~CG:gixle lrorJ. C2..r~1brian to Cretacoous occu~ 
and. that igneous int::''11Sives 8.1"'0 :'r.::por:':mt in connection with the oras and their 
origino It "iould bc reasol:.sble to $xcept that as far as tbe sedimentary beds 
ere .. concerned, . tbat a VeTJr s5.~~i12:!.'" series migh"r- be e:tpecte(l here aJ.though 
considerinz the diste.!lCC it YiQuld be very unlikely th~t identical fo!"z;:ations 
wO',.lld be found. As will be seen. in 18.te1'" discussion, this expectation has besll 
fullfilled, but there is ,sa much nino!" difference a.nd so much nore rnete.:Jorphic 
modification nOG Hnl top that the eene1"ul similarity is much obscured. 

No other nearby di.:tricts ~nve been descr:i.bed in enough detail to be 
of e.ny p,rticu.1D.Z' service. 

2. Stl"'u.ctural Featu.res of tl1e · Clli.ricahus t!ountnins 
The Chiric3.hu8. rJiountalJ."1s are made up chiefly of the eroded re:n~ants of 

e. se:,.~ies of tnted ;md some';7hat, distorted fault blocks v.'hich hr:ve DGen cut up 
and injected by igneous intT"t1sio!lso Some of the::Je indiv:!d;;.al blocks have 02G::J 

raised ubovc tl,eir !:8izhtors and so:~e of thej.r beds have 3,lso beon indurated 
(silicifi.ed cr:d other;--.r iso r~ar~d.ened) so th·t:!.t they resiot e.l"osicn 1'ii th consid.crable 
sU.CCGSS, 'Nbej. .... e as neieh1)oril1[; onos St3.11d lower anct h·n.va elso bc~n more easil:l 
eroded. l"~nus it hc:ppens t11at tl16 b.:i.g11 stand:L.-'lg bloc}:s, noon· cut up by erosi~n 
s:) much that it. is 8or::ewhat difficult to see their boundaries unCi the rmy thay 
are attached to each other, fOl'!!! the 1110re ele-J'utcd tracts of the Chiric3.hus. 
MOlli'1tains. StUl r:!ore depressed blocks doubtless lie in the vs.lleys between 
this mountain group and its neighbors on all sides" and. the sediments eroded 
from the mountainn are carriod. out by the streams nnd der;onited over these 
depressed areas on all s.ides, covering them completely. Thus \'1e have a rue;gad 
mountain, area sta!:.ding out alone surrounded by co:c.paratively unifol"l:l gravel 
covered country. 

The Hilltop Block 
One of' these very elevatod blocks f'orminga portion of the Chiricahua 
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On account of the cOfq:,lexity of the geologicol conditions represontedi~-tc 
tb,e distl-'-ict it t1ill l)e · ad tri8able t,c disctlSS the g;~ological 

tions 1.ll:der m::n:r sepz:..r:1tB h0ad.s. Th5 .. 5 Ylecessa2·iJ~y leD.d~ to 
it cannot be viall f.voldcclQ 'l'he chief 1e.ree headings are, 

A. 
B. 

G8nera1 Geologic 
Locgl Gcologic~l 

c. Spacial StD:Q.ie3 
D. The Oro Dsponits 
7;~ Histor:tcnl 3-c.ste mont 

features ~ndcondi-
Game repetition but 

F 0 8u:"1:::3.1':: of the Geological Conditions 
'L'2ese ere ta1<en up in order. 

1. Relation to Older Stlldiod Districts. 
t~lthough the geolo~r of the Cl!i:r.-1c3.!'-~·tla ~.;:ountail'1S is not well knovln, 

tbe loc~tion sUSSests ~ possible sinilarity to tho Bisbee rogion and districts 
also \vitljin ens:! re~ch il"l ~~e·.v i':.exico o r-·JothL~g has been stud.ied in detail, 
howevc:-, nearer th3n Bisbe0 about 75 ::-;i18s d1st'.'nt. Thore it is well known thE.t 
a great S87.-'ies c,f sed.i!:1entll7J beds rsn:ging frorl C~r~1brian to C:cetacoous occur 
and that i&;n'8QUS i!lt::'~lsives 8.1~G i~pOl':'·:1nt in "connection with the oraJ and theize 
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ere concerned, · th at a very s1.::·!i12::'~ s eries mig'C;.t. be expected here although 
considering the distance it YiO'tUd. be very unlikely th::it identical forJ:':2.tions 
would bs found. As w;ll bo ~een in l~ter discussion, this expectation has been 
fullfilled, bu·c there is so much min';)!' difference and so much nore metarJorphic 
modification at. Hn} top that the g·aneral simil2.rity is much obscured. 

No other nearby districts have been descr:i.bed. in enough detail to be 
of any pa:rticul~l" service. 

2. Stl'~llctur8.1 Feat'lres of tIle Clli.r:1~ahus t~ou.ntnins ", 
The Ch:'rics.hua. tlou.J1.tail'ls are r.:~1de up ch.iefly of trle eroded re:n~ants of 

a se~~ie8 of Ultod ~::.nd sorr.0'17hat distorted fault blocks r:h:l.ch nc.'J'e been cut up 
and injected b7 igneous int!'l;siotls o Some of' the;Je indivi.ch::.al blocks have lnen 
:ra ised 12DOVO t11eil" n::ishbors and SO:~0 of the:!.r beds hava also been inriurat8d 
(silicii':1ed er.d other.,;ise hardened) so the.t they resi!;t erosion with considerable 
StlGCes'o, t~ihere as nsighbor5_nf; ones sta11d lower ancl h n.va elso b,c'=3n lnore essil;,r 
eroded. Thus it h~p~8ns that the high standL"1g blocks, no'", cut up by erosion 
s:) much thc,t it is sor::ewhat difficult to see their boundaries r:nci the r~'D.y they 
are attached to each ot::er, .£'ol'm the i::lor0 ole'mted t!"8.cts of the Chiric3.hus. 
MOlli'1t2.1ns. St.Hl r:!ore depre8~:v=d blocks doubtless lie in the v3.11eys between 
this mountain group and its neighbors on all sides, and the sediments eroded 
from the mountainn are caTried out bv the streams and denosited over these 
depro!';sed areas on 0.11 sides, coveri~g them completely ... Thus \'Je have e rlle;gad 
mountain. area sta::!ding out alone surrounded by co:cparatively unifor:l gravel 
covered country. 

The Hill top Block 
One of these very elevatod blocks forming a portion of the Chiricahua 
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1;;ountains is the Hill'top Bloc!: 0 111 on it is loce. t ·;:d the'~~Q)p' . ' the • .J'~ 'liP.. 
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:thlltop ;;,01:,8.1.S r;;lm.D;;; Co:np8.ny m:c:. :'llC hlJ.lto;) l~. :.:.tenfJ1.on. '1". n:!~ " 6AJ~~.ore 
.... ~ co . .$.'h •• ' .. r..,.r- "p"'\t~l ~r:. +, h':'~(1~ ~~~ ""'~,>""'r ._ Y1~i A':"' ., .-." "'I ~ ~.... ,~,. w • e_",t",nwiV6 t..< •• un &he ''''_ OL •• _ O~ ~" ""'- \.,;.0 ",~. ,-;q. ___ .~ c.)d Lnea "",I "hou""rtft1~. -¢jI:t;: ~ 

noints the vl'o~,e::-ties re J. C!l t1:e ::·! .:;.~ ~.~~ i::8 of tr.;e block, G!3DGciclly at tVl.~.fQ-~i) ~~ 
and at the et.st. Tbe bleck, hO"CV~i~, e::t3l1d~; E:u.ch farther wont and sout!r~ nctCcot " • < - • ""',Il :1.1"fj.~:'(;'''' 

1 · ~ J' t r;-' " 1 . • • ~, J,.' • f' i' .. 1 . . . '/'b any :L!leS or ellO proper ·S". 1'C.1S o_oc:~ 18 .(,~ lJec. out. 0 "1:.5 orJ.GJ.na pOSJ."CJ.O.~); VI\, 

by being puehed. up on its 62.St si:le co t:1?~t as a whole it is tilted strongly S. 
to the y;sst. In ud.cii.tion it is cut into b:T r~'!l~;:crous intru3ives of igneo"lls rocks 
and is doubtless Ul1d.erlain Ql'ld :::;:~:-l'Ol).n':~ca. ::;y still lC:.rger !!l'.lSC8S. This is the 
gencT3.l otructt;Ts.l setting witilo'J'C -;;'};ich the locsl geo1027 car.r.ot be understood 

3. Rock For:::ation 
The forr~2t:lGnS or t!:1.s 1-!illto}) 1)locl:: anti. its ir:1l~~1edinte vicinity 

include a Great series oi" lir,1E:stoues 3.na liD:/," or s11l1dy shales and qU8.rtzites and . 
s8.l1.dstcnes !~7i th an oCC!2s:1.oTl2.1 dG'!r01or~eY1t of les!J co~·:".mon varieties of sedime11ts. 
Th9J"r Vierc all la.id dO~11 orif:ine.l1:r 01'1 Co b2.sament rCl)resented b:~r the PinA.l Schist. 
a pre-Cambria.."1 formation of the soUth::;8 S-C, Yihich is ve'r~~ well knOl'm in many 
dis·t.ricts. Tr;o overlyincr :t'orr:~i!tiQns eeg}.:! ;'i'ith a conf~lnffierate and qu.?rtzite 
from 300 to 1;.00 feet thick ["l:d thi:::; is :ColloTIcd by a great sOl'ies of lir:-:estanes 
and li.::a.c sh~lle:J and SOL~e:,l1at ss.r:d.y beds to s. total of several thousand feet" 
These bsds hE,ve been in SO~0 C::lS-33 c:::t:::'8:~8Iy r.lodified by contact metanorphic 
influences and doforr;l8.tion p:--oiucing :rrEl:-ble, silicified and silicated beds~ and 
indurated and mil1 i2ralized. Tock in g:.'G2"C confusion and complc~ityv In spite of 
tcis ccmple:city it is possi01e to foUo" certain formations v:ith more or less 
success fro!ll one point to 3.Y:othcr :;:l1d d.e~8rrdne tho principal structural 
tec.tu.:-cs of the area and, rou. :~~r~3:·, the [: ~:e of tIl0 f·ornations. 

It is sufficient. hoc;·'='l8r". a t. t l:is ~oint to note that the ferDe-tions -' -' , 
SC8n1 to include most of tb.";s-O' r'GCoT:.:1..GOQ at Bisbee up to and. inclu.ding t.he 
Carbor..iferous b-3d:::.. The nost ;:i::Lly do:;v81oped 2nd. tr:c most distinct onos at 
}~'i 1lt. ..,....0 -i"'h&:1 -"" 'T,' ~~Y; ri"! " ~ ~":1+'7. "'+c / .. :) , 1~~ ("'i''":'r~';''I',''!..;- . ) t~k .I..'''''tr:. \ ,_ ~ >!,)'T'td 't-..~. ?;'."'C2~_ .. __ op 8. ... _ t..r .... _ lJ8..51.0r_i.. ........... 1 .. - •. <0 1. t..I . _~ _ _ .J, ... \ .2, 0 ..... .... _ ... , ;,. ..... <. ...... ("J.:.J _L..,G -.1I ·ld . .:. ..... v ,!l. .... e ~ "'C.1~~ ,~:Lj;)~ 

issippian and Pennsyl~7u!.d.an li:::(; f.> t':; ::1CC; (-(,qu1.valent to the Naco, in p3.rt, of 
Bisbee) higher up in the sei'ie::;. It i s sufficient a. t this poi..'1t to call at ten­
tion to the fact that the c:lie:~ inte~sst in the Hill top group centers in the 
beds of the Pennsylvanian series, e31~8cidly the heavy linestcnes and ons in­
cluded quartzi to bed which v:ill be 1~ef'8rred to in this report as the H; 11 tOD 

~'llF?'t"'tzi te. 

Igneous rocks occur abund:.:.ntly also. Tbey e.re all later than the 
Sediments a.nd the:::'efore intl~t1c1,~ theEl O~~ cut then or lie bene~tb and surround 
the::'!. The chief ones of those in cont:J.ct -;;iith the nediments the:lsclves are 
the so called Birdllcye porphyry, Y;;lich lies on the east s:ide, and several 
vsr:leties of qunrtz porphyrie;" with less pronin::;tely developed reprosentat~ves 
of other types. 

4. Deforr;111tion 
Previous to the b:::'('l':ll-:i':':i of the region into these raul t blocks all 

for::-,ations 880m to have lain in cOi:rra~~:1ti7ely little disturbed position. At 
tte tir::e of the faulting, bowe~rer, and subsequently, not only- were the str9.ta 
broken into large blocks, SO:-:lotir;:estw() or three miles long and of' simi13.r wisith, 
but they were ti1t~d out of l.)0sition b'i crowdinr:- one arrainst the ether,' and the J: u ....... Q 

strata h:WG beon bent and. broken and overtu.l'ned a.nd fe:ultcd :md brecciBtedend 
slid a.long bedding planes in 2. ver-:r ccr.1plic(ltod way. The Hilltop block has beon 
til ted to the wcs t ~nd has been j a.r,~r,}sd a.nd cror,dcd by another block all the east 
side in such a manner tha.t the :"ecls' a.lan;:; the east L:s.rgin a.re not only turned. 
up at a very steep angle but for long stretches are actually overturned. These 
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1,lountains is the E:"Il·top Blocl: Gnd. on :t ::"s loc.::t'3d th~4~!t~p, . - the 
n·llJ,.. , ~ t .!.. ~~C' 6'(" :'. C .......... - .. "l "" ... ,.:; ';"i, !.r~~ ... t T 'l"\''''+~.! r.T'!: .~~ ,. .,,~~ • ":.2 .• . vop ."eva.l", ",.J.n.ing o ... [.,::n:;! ,~,.'-- u .. c ".L.U. 0;) ;"_venf~ .Lon. .I.!1:!"'G":,.. 0 J.\;;If.' .0 e 
extensive than tho gro1.u:.d 0:' th,~:? e tr,o C() :-:r~mi0::; c~) n binGd al tho,1~!(.p-t ~9:C ~_ 
points the pl'ope:rties l'e :l.ch t}:e ~",e,:-gL:3 0.::' t ;: e block, especially at t}t~{~!~('\., 
and at the e"st. 'l'be bleck, ho:' ev3l~, e::t3:-LCl~; [':(2.ch f arther wont and. SOUI..!l'~/l~C'c";'c 
any 1'; nes of tho propert~r. Tl~is bloc:: i3 til ted. out of its oriGinal positio"'tYS1t}i u~ 
by being pushed. up on its Be.st silo 80 t::?~·~ as a whole it is tilted strongly S. 
to the VJsst. In uddltion it is cut i nto by- n~.r·2crQUS intru3ives of igneotlS rocks 
and is doubtless undel:'J.ain end !:,·,,:':'l'm).?:,.~cd ;;y st:iJ.l lcrger l!l'1s::;es. This is the 
gencxalotrl1.ctl1re.l setting w5.tho'J"C yj; ich tho lacs.l geology cannot be understood 

.3. Rock For:::a.tiol1 
The fornatic1:1s or t}:1.s }Iillt.o}1 bloc1: a11(t it5 irar~1edin.te vicinity 

include a great series of: lir1Csto11eS 3.112 liD:!'" or sandy sbales and quartzites and. 
sandstones Y}ith .e.n occ2s:i.oT~al dG~101o:;,:::ent of · les~ co~·:",mon varieties of sedime11ts. 
TheJ"r ".Her3 al.l la.id dO't~11 originr.:l1y 0:1 C b2.Sement rOl)resGntad b:T the Pinal Schist, 
a pre-Cambria.'1 format:ton of the south'::GE:°~ \7rIich is very well known in many 
dist.ricts. Tbe ovcrlyil1(-! i'orr::2.tions cez::in ','lith a conf~lm::erate and qU::lrtzite 
from 300 to i}OO feet thick m-:d ti'li:::; is :f:ollowed by a great series of lir.estones 
and lime sh:lle:J and sor.~et;hat s::::r:.dy D8ds t:) a total of several thousand fect~ 
These beds hIwe been in SOUle C:::S,J3 m:tr'0~~ely r.lodif'ied by contact metanorphic 
influences and doforr;l~i.tion producing :ilClrbla, silicified and silicated beds~ and 
indurated and minoralize::i :rock in g:'82'C confusion and complcdty. In spite of 
tcis comple:dty it is possi01e to fon()~ ccr'tain. fcrmations v:ith mOTO or less 
success fro:n one point to another ::nd d8"terrdm-) the principal structural 
fec.tu.:-os of the area and, rou ,::~t~y, tl'\G [:!;e of tl1G f~ornations. 

It is sufficient. hC;;·-::'lcr. a t t l:is ':)oini'- to note that the fcr!:lations , ., , 
seem to include most of tho::; '? ::G::oc;n:LGed at Bisbee up to and including t.he 
Carbor..iferous 'b-sd:::.. The i'lost ;:i ~:l:l:r d·:;:v81opecl £'.nd the most distinct onos at 
"q ,"l·to t":l,.-.O +'h~ ~OT·""\'or~:"=l 'r r: " ""'~"":I+. r"?':;+'-' / !~) I""'I'1 ___ ~ r'_"~_,:,,,.,J''':''~) ", '" t1'.~n l-'~#""e "''''d +'-~. 1-.\1.'.,,,, .. __ P (,._ ... _ \01 .... ..., U~oI.· 1 __ .......... ~ \..i"'~ ;:<' ~ v .... : __ ·.I"'-;; \ .!" V~ ~:' ... \; .. l...-:..(. .... lJ.;..J _1.~~ ...... u 1.:. ..... v ';......; ~ \11:.;.. iu. ~~-

issippian and Pennsylv-ardan 1:l:''':f.:tm1·:;::: (-equ2,valent to the Naco, in p3.rt, of 
Bisbee) higher up in the sel'ies. It is sufficient at this point to call atten­
tion to tho fact the,t the c:lie:~ inte:::8st in the Hill top zro;.rp centers in the 
beds of the Pennsylvanian series, e3~~8ci£.lly tho heavy li;:-;eztones and one in­
cluded quartzite bed which \;'ill be 1~ef'8rred to in this report as the H; 11 ton 
C~~tzite. 

Igneous rocks occur abundintly also o Tbey are all later than the 
sediments and the:::'efore int.3~t1d'3 theE'! O~~ cut then or lie bene~t'h and surround 
the::l. The chief ones of these in conbct ";7ith the sediments themselves are 
the so called Bird~leye porphyry, ,chich lies on the east s ~ de, and several 
vs.r:leties of quartz porphyrisB, with lesn pronin.r.tely developed reprosentat~ves 
of other types. 

4. Dcfor\~ation 
Proviou.:.> to the bre':l}:i~lJ of the rorri-:m. into these fault blocks all 

for:;1.3.tions S8em to have lain in co~pa::'~:1ti'jely little disturbed. position. At 
the tim·s of the faulting, !:owevar, an;1 subsequently, not only were the strata 
broken into larz;:; blocks, sO::1G:'ir..:8S t,m or thl'ce miles long and of similar width, 
but they were tilted out of position by crowding oti.e against the other ; and the 
strata hs.vG Deon bent Bnd broken and over-turned and fs.ulted and brecciated and 
nlid along bedding planes in 2, vm:;t cC::1plicllt.cd way. The Hill top block has been 
til ted to the west 2.nd hs.s been j nmJsd end croy;ded by another block on the east 
side in such a manner that th-e 1,'80.3' alons the east r.:s.rgin are not only turned 
up at a very steep angle but for long stretches a.re actually overt'urned. These 



c· ~. 
4~~~~o~ 

O.F Ato l?EP, ~A. . . . 
b "'a'''' tn''''-ef''o'''e 1 o~·~- A'"' ~'1'OU~1~' thA'." ' ·· ..,·r<'=> ·~-';·-·0e;·' "').%":I~1!~~:~J:", J: '1.,-'''',S as a 

\::.;;J, w.!. .... \ ... , _ v .... "t.. Q. .. "1 ~ ... ~ 6 ..... ..... '-> . .j .. 'v_v ·.L':" .i.· ).r~ ,I.. Vw ,.ir~1m~~,4":·~~~n;' 

matter of fact, the strata of tDC whole block diTiS to thEf' ~ ·~)t(.~g this 
loc::.l overturning. ~lf.t.t::~ ,.O~~{~~ 

tt. . .. .. .... • .' .~ f"" 
Tl1:t.S g~,tcs a Ve!JT ds;CG}YC,2\1'·8 appe~r[tl:ce s~c:,uctl!r&..!.lJr "Co 1jh~~~.d - ~ .. 
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clinal fold with v. quc.rtzite ll'l the m:lddlc of it.. On the c(mtrary howove;~..{}. . 
is clearly a til ted bloC;1( crG"\'4~(1 ~;(1 so t"::-;~1 '~11 a g:.:.in::;t, the G~'l3t side that :J.lone 
certain stretcE:es of tl~le es!:rt !1~[~z'gln tho b~:~13 ,~l2"0 ~)~r.l:ed ovor beyond tl13 vertical_ 

This mt:ltes n (lecided di:#fere:1ce jl.l tIle st~~'lct~ral r.:2.1~eup of the block 
and in a geod ~ny otllar '!:~n:Tso r..;ocall~~ these defo=:'1:lti()n effects give a most 
co:::tplic:lted otructul'o.l condi t:10l-!~ Co ;~:o h::::J3 bcin,:';: <J.l'.1J:-:t on't.ircly squeezed out, 
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accomplished SQ::1e displacerr:.8:1t :1180, of' CDtU'32., but O~l tbo ,,,,hole the defor:;lution 
due d.i"f>ectly to that canse :13 of l:LttlE~ co:(.s(;)c;uer:c3 cOw;x1:r"sd to the other. 
This covers thE~ gCH!eral defcr:n:1'tio1131 l~r.bit o.f the locality. 

5. I;~neous Encroacb~ent 
The Hilltop block is cut b.:r hundred.s of' d.ikes and larger intrusive 

IrSsses and. is bordGre~l a10:1g the east side P~l't.:i.cllb.rly, ~ still more I!:lc.snive 
;~~eous forrJaticnso 1,'heir distl·ibu"~ion lOr:ldS ona to b~liev'~ that tljera wa.s 
U!1deTneath at the ti:13 of" t..1-10 f~nlti~1~~, G. l~rgo .=ug:1utic !:ass undergoir.g 
differcYrtietion 7;hich fron t5.:r.le to time broke out. und penetruted the overlying 
f'or,:;at.ions with tongues of fused. lll:).teJ.Qial., Jonbtless this kept on for a long 
ti1:c and it rL9.Y be that Sim.il1.!..:" int::~u;:;ive attack tvol: ~l:::ce in 1:101'9 th:m ons 

, ° 1 . ' ~ II-. ° • 0 • - '",... J..' t' ° d .~ geo~og~ca per 1.0 Ci a l,,:iS cel .. t,~J.n Q:v J..0.:lfJt.. -vTISu '-'Ilel'S t?Gl.o;,e ;:0 sucn perl.O 5 01: 
igneous activ-itY9 on.e at t110 ti::e of ""t116 faulting and C::8 ~t a :1uch later 
co::paz-utively :recent dute" TIle lnttGl" has l:lotb.ing t!) do -d·th the behavior or 
the bloclc or vIith its ni!!81Q~t 1 iz~tiorls TInel'llans tll·a lorr'!8!'" o::.e has much to do 
with the geological history of the QGPositzo In Spit,3 of the great diversity 
of the type of rock represented 17 those igmJous intrt13ions, they are probably 
nearly all closely related gSl1etically .. It is cleal· that soae h::.v'e preceeded 
the ot-hers, but it is not cert:lin that there is m:y great tke interval in a 
geologic sense reprosorrtcd by t,}:1C dii'fm~~nlt :2.n:t.rusive units of the older series. 
Also it does not appear th3.t the dl.:'ference of cocy.:osit.ion noticea.ble are of 
'F·er--J great co~s8q1.1e11Ce, o 'Tl1·ey SCf;!!:1 to r0preS8!l'"G dii"f6!"cnt stages of dirfe~enti~ 
tioZl rath.e~ than irnportu!l"G ir;der:end,o:.rt diffcl"cnce of SOl2.1·C9, and altho there 
is co::!siderable variety of cc::::positio:'l there is no ir:po!'tent difference of' 
moaning. 

Ths rlost stri~:i!l7 of" aJ.: cf the igl100US ~er:~81'S is tIle tlBirdssJ""e 
:r;·orph~/~$S:rt wl1.ic11 is heavil:r t1evelo}::ed along tIl0 east nsxgin i .n tl;o vicinity of 
tho. plant of tl1e lI:Ultop ~.:i;~ytals l~-r inii:[~ Cornl;any, \'}he:"e a \7adge of t11e Birdseye 
cuts into the base or the bloc1~ for [)·3';81'o.1 hundred recto It can also be 
rol1o~-:ed thence: en!rtt~tH.rd &.il.d CDU.t}lY!.31~d fel:" lon.,~ dist8.::lcesj) bD.t us one goes to 
t.he south end of the Eilltop bloc~:, the ;:m.l~e typ:a S2C~.'!.3 to chan.go sODewhat and 
in plnces iSJ101~e like a d.io:'II~te P!)l"P~1Y·2ly tllan in t118 firs~ locality. I judge:J 
hO'~7over" that t11ey are all OJ": iti.el'lticr..l orig:1.n and that o:t:a could find a very 
l.e:~: ... ga series of difrez-enlt CO!:1posi"ticr:.:s with once leaving the saa0 formation. 

In like manner I judgG that sone of t.he tong-cl<}s in th.e foro of dikes 
and sills that cut into the property and ;;;bich are the;iJ.selvos ver'.! d.irferen~ in 
ap?earance from the pare::1t r,;SS8e~3 that furninh the:::l and frol';l each other are riot 
just on tins account of ~:~ sp3cial or unusual signific~nce or individual 
impol~·Ga.nca.. - l 

The very latest igneous rocks ~re of entil·ely different relation. 
They are surface flo\';s'md tu.f'f~ helonging to a volcanic period. much later 
than all of these other fer:.tures. f 'Qr the :r.ost, rart these later flows and tuf'fs 
cover mora or less completely the blocks that heve been described and it is 

' ,-

5. Izneous :Sncroachr~.ent 
'1'1:.e Hilltop block is cut b::r hund.!'ods of dil-:es and larger intrusive 

z:;ssses and is bordel"ed along -the east sid.e p::ll'ticularly, ~; still more r;:;,assive 
;s-,Ceous forrn3,tions" 'l'heir distl·il-;u-tion ler:d.s ona to belie't! ·~ thnt tbere ~as 
underneath a.t t1:.a ti:1s o:f tl"l0 f[t1l1tin~~, G. l~rgc~ r:ug::"1ntic l:3.SS undergoir~ 
differen·tiation 7;hich froD tj.:le to time hroke out and penetrated the overlying 
i'or'':!<'l.tions w:i.:th tong-n.es of fused. m:lte.:.~ial. J onbtlcs8 this kept on for a long 
tir:c and it may be that si!Elil!:~~ irlt:::~ucive attack took :.:-l~cs in !!lOra thc;.n one 
geologica.l periodQ It is cel~t·[iin a:t, len.fJt ~ttlst tl:el'S r;Cl"'e t;70 such periods of"' 
igneous acti"'l'ity, one at tIle ti:~8 of "t11e :faulting and C::8 ~t a !nuch later 
co::.par-atively recent date" 5.'hG lGttGl~ has l."1.:)tb.:L.1g t,!) do '1;it .. h the behavior or 
the bloclc or "uith its ni!;'81'a;?1 iZ2tiorls TIhel~ans tl1·3 forI:sr o::e has much to do 
with the geolo£ica.1 history of the QGPositzo In spit.s of the great diversity 
of the t:lpe of rock represented 17 those ign80us intr.rsions, they are probably 
nearly all closely related. gS1'28tically. It is clem'" that soae h~v'e preceeded 
the ct.l1ers, but it is not. certain that there is any gl'sat t5r-;"! interval in a 
geologic sense represented by the dii'i'er0nt in:t.rusive units of the older series. 
/",18,0 it cloes not appear t113.t tIle d~re~~nc·s of co~osi·cio!l noticeable are of 
';,er..J great e0!1f:8quSl1.Ce,o l'11SY seer:l to repreS8!l.!c dii·fe!"3nt stag,z3 of d1.rrer-e11tia­
tioll ratI~e:, than ir:lportnn:t i::de-:endcnt1 diffcl"cr!ce of S0111"C9~ and altho there 
is cOr!siderable variety of cO':'1posi tio:'l there is 110 kpoz:-tar.di difference of 
mcanir..g • 

Tl1s most. st~il:5_!l.7 of all cf t~e igl""l00tlS =~er:~81'S is t118 tlBirdseJ .... a 
porph~tr;.:rt w11icl1 is heavil~l· d'3'velopeLl alo11g tIle east n:::..rgin i .n tl'lo vicinity of 
the. plant of t11e l-!llltop ?:Te~ta15 f~'; inii1[~ Cor.npeny, \1he:"e a -r:adge of tIle Birdseye 
cuts into tl1e base of tb.e bloc}: 1'0l'" o,,S;'tit""er·al h~1J.~d.red faeto It can 51so be 
rol1o\7od the!lCe eastttra.rd t~i;.d sou.tr.1.v.r31~d fOl~ lon .. : dist2.:::..ces s b:..lt as one goes to 
·cb.e soutl'1 end of the Iiill t·ep bl.oc ~·:, t1:'8 ::;~u:e type S8e:ns to che....Ylge sOr:'1Gwhat and 
in pl!lces is mOl"6 lil:e a dio:'II~ts pOl'llp!'}:n'y tllnn in t118 firs~ locality. I judge:l 
hO:7oVel";, "thst they are all of idcl'1tic21 ol"ig:'!.n UYld t;ha,t 0::3 could find a VS!7 

lel"ga series of diffel·a:nt CO!:1posi~ticr.;:s with onc'e leaving the SUl"'l0 formation. 
In lilr.e t-lanner I jlldg(~ that SC1:!S of the ton;;~as in the foro of dikes 

and sills that cut into the. property ~mc1 r;;bich are the:iJ.selves ver.! differen:t. in 
ap;:earaneefrom the pare::t n:,ssses that furnish the:l and fro!:! each other are not 
just on this account, of [;:flY sp3cial or unusual signific!:.nce or individual 
impol· .. ta.:nca. f .' 

The very latest igneous rocks are of entirely different rolation. 
They are surface flo\';s'md tu:ff~ helonging to a volcanic period much la.ter 
tban all of these other fe!.'ltu!'cs. f'qr the :nest, :rart these later flows and tuf'fs 
cover mora or less completely the blocks that h~va been described. and it is 

. \ 
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only b.r long erosion that they h,N6 been exposed ' a.ga~%?;.t~'~s that 
on the ea~t side of '(.bite Tail Cllnyon the country is rtc.rle"'ii1'().IV ~1i i. i~;e:~ae 
13tor for::ations and also at the north end. of the p:·oporty the '" ~~.J\$ ~~~ 
h··')'o. Scmg of t h(J clai!:18 frctuC!lly 6xtr,md across this contnct. lJonG lJ$~-;;j~/"ftt:s-c 
things, hOV:6ver p heve the sliGhtest be",~:::-ing on the behavior of the liillto:iPQcb~CC( 
bloc~ itself.. 'i:/Yl's. 

6. Einerqli~otion 
The 'Hi11top l)locl, is VG'!~y r::t! C!l effc (:tc o. s.y t'i C011t::Ct';I in.rluer~c~s, th!:.t 

is by IJroces.~cs set in operation b,)~ i .~~neous iY:~lasiGD.s and. e:ncro~cb.::1ent. L:ost 
of "the forr:1.J .. tions D.!'8 exte!1sivaly r1c.dit'i\3d, esp'Gcislly along the OP .. ="t0rrJ. h~lf 
or side of the blo01,:: including the lo;;-:;'"c-J!' third of the serios of :Jcdi:lOntSl'"",{ 
for::-~ationso There h3.s been a l"c.t·he~ cGrnplicated r.lil'~ere.liza~Gion, most oj:" it of 
non-met~llic chn!"acter" Qffec·tin~ pG.~ticuls.rly tZle fOl'mGr st~o.ly lim8stonc:s a::d 
lir\v shales, ';l.S -~"7011 as SOi..1G of 'tIle pllr-ar li!10stoYlGS" The latter flr.:..ve cae!). 
tr8.n:;fol·::~~9d into ~(rblc on a l(-l.~ga sCftle by reC!7stalliz,ation G.!1d the for::cr 
i!lto :hnrd flinty cr~rstnllir~Q sil:l"c~1"ted rock 0;1' the tj.>1IE_u~fol.·m·tion of lir!e sb.alcs 
into tbe silicates of li~~D rG~z~esin and il·CHl by tl1e introduction of silica tmd 
the reorganization of t~:oc;. ) ::-i!ll undGr ie11Gous ini'luonces. Litorally tbou­
sands of feet !1:11le bSCZl r:oJ. ~; ';~ iGd :i.n this \rD.:r, iri ving en nost coo}Jlica ted za:-ies, 
of more or lces co:::).!lotcly trar:sfor:;:::·zd :'ini ",odified str'.:;.tF.:.. ' " 

rr'llC most J:ronounced .t--r;;,)e is a .:7.r.2visl1 derlse f1L~tv t0u;:h roc:": r:hicl1 is 
.. "'... ~ .., .., .... .,1 

made t:p ulruost ~'111011y of tha::5;:; reorganized sill.cates 1j;"ith SO!:'2C ol"iginnl qU:lrtz 
8.!'1d a. little of the oriS-iD1?l car:;ona:tcs still prose1""ved. D,::mbtless those nels 
have been most ffiodified TIllie?: ba.d, in tLc beglning, eithor e special composition 
or e st::."Ucture t hD,t e:.:couragcd or pcrnitted &bundant penetr8.tion cf the mir.e­
raliz:i.ng solutions. Tr:.creos~3 in tempel'aturc, clue to the pro;dmity of tl:e i g!!.eous 
i!!,3.sses balo~'? , as 1:":'012 as to tllC bet circulating sol~tior.i.s co~~ing up fro·rt; the;:1 
succeeded. in t~ans:eor~ing ·Che nore ~assi";le lin:sotones i11tO r::~~blo on a lE.rge 
::;csle i7hUe the Eore sh;l~y and thin bedd.ed 1£lyers\7cl'o chunged into these 
silicate products, bu';lding the \'.11010 wz;1,SS into a ve'r'"'.l resistent crystalline 
bed of rock strata.. So!:e of it is exceeding difficult to wot'ldn 1:ecause of its 
b.:ardneS5 or tou.gr~ .. rlcs3. 

Probably the original lincl3to110 and sho.1e was all dark colored. The 
mineraliz.ation <-mel r ~;crystalli~'.ation h:,s m:1d,G it g(;nerally :::ruch lighter Z:lQ b 
many plr~ces alLlost ~;:1iteCl The ,;\'h:l.te strc~ks rU}:.''1i±''y trlru df..r}~er colored beds, 
ar~d in SO:-le places that is else-:v~1er0 darlc or bluish gray l121s been co~pletcly 
vlb itened by these minaralizine p!"ocesG G It is therefore qUit'3 difficult to 
follO':~ tile beds ':)D t he surface by -their color or condition ;md it is this filet 
th.J.t accour~t s fer- much of the confusion in identification of the different stra.ta 
end for t.he difficulty of cetailed mapping ... 

'-Ilrls . rniilGi~aliz:ltion. l)l"'ocass hB.s also terlced to destr~oy trie l:lo!'e delicate 
orif;inal structureo I\I2e fossils ar:3 pool~ly presc~ved ':lnd Ill3.ny fo~ms car..not be 
idelytifiea at all, altliough :it, :is pcr·1--cctly cle~l" that fossils i'rere val.J~ ::.t12.:12.!lt 
in m.:J.r!.y of the b0ds o This is p.:lrticu.l~~rly tru:s of t}le form-3.tionG forwing tr.!.e 
lor~·'31~ ;'.icw.bers of the nel'ies n~Or:l the Final Schist, up to or neE!'ly to the Hilltop 
quartzit0;. and it is or'~y he::ce nnd there thG.t be·is ,~re presi;:::ved in or:iei~l 
conJi tion 'nell enougb to ma1m use of' thesa finer details. 

Along with tile ;:~ine!'e.lizatj.on effect::: already doscribs-d, there was also 
som·3 metallic ~ineralization. ?yrito in particular is vcr]' common in ::.inute · 
particles or crysta11 S Bsaociatca with !..1D.ny of these products, and occr:.sion",11y 
other ore rD.h'18rnls r::cy be round in nl:nost any position from onc side of the .' 
block to the other and :from one end to tae Ot1:0!". For t~le most part, hov.-ever', 
these random occuronces of ore mine:r:rds .9.1'0 in sr~all ~ount a.nd secm to have 
too little! prodse to encourage much n:ore than sinple prospecting. 

/' 

6. l:~inertJli~otion 
The 'Hill top l)loc\: is vGr~:r r~1.1CI1 effected by t'1 con.t::ct 11 in.rluenc~s, thr:.t 

is by proces.scs set in operation b,~7 :1.;:ne()US· iY:~.rasi:)ll~ a~d encro~ch.rJent. ;;ost 
of the forr:l3..tians are exte!1.sivGly rlcdit"iGd., esp·ecial1y along tlle aE'~i:jtQ~rJ. b21f 
or side of the block including the 10\';8r third of the 801'i::)3 of ::;cdinontar".1 
for:";.ations. tfheT0 has been a rc..trle~ c0mplicated r.lil:~·r21izat,ion, most, of it of 
non-met4l11ic character" e.ffectfin~ p.:}.~ticuls..rly tllC fOl~~~Gr sl~aly 11!:!8stone:s s!:.d 
lir::y shales, Zl.S ·17011 as sor~e of "the pur·a!" li!10stol'1CS o The latter r~nve bae!1 
tran8fol~;:1ed into r:nrblc on a l(i!'ge sc·rtle by recl:'Ysttllliz,n:t,ion 8.11d the for::cr 
into hord flinty cr:;,c;tallilio sil:i.c::lt,ed rock by the t~cansfol'mtion of lir,!o shales 
into tbe silicates of li!:::D rGa.:r::esin and ircLn. by tl1G intl"-oduction of silica and 
the reorganization of t ::i3 r; :):~ifll unde::r" ie,11oous influonces. Literally t::ou­
sends of feet llflite bscn r:odifiGd i .n this ~D.:" gi"l'ling a !1ost cODplicated se:-ies, 
of more or loes cO:J.I:lotcly trar.sfor::,·zc1 Ln1 r.:odified Sb,'D.tF:.. " ' 

TllC It:Ost I::ronounced .t:t})G i8 a gra.yisl1 del"lSe f1L~ty t0ui;h roc~ 't:hicl1 is 
made IIp ulrJQst 't711011y of thas;:; reorganized silicates v;-ith sonc ol~igin:ll qU:lrt~ 
a.."ld a little of the oriCi.'1,:;l carbonat.es still preserved. Doubtless those beis 
have been most ffiodified iihich ha.d, in tl':c be:~:irling, either e ::!pecial conposition 
or e stl"'Ucture t.hat er:cotlragcd or pc:rnlitted &Glmdllnt pen6trr...tion of the mir.c­
rB.lizing soluti ans g T~creas~; i~1 tempera t'ffi~C, clue to the pl"o}:imi ty of the if;!!SOUS 
mssses Oa10\1, as ::e12 as to t~le hot circulating solutior~s cOi"iling up fror~ the~ 
succeeded. in trans:eorning ·che no1"'o ~assit.re lin:eotones i:''1to t:~l-:-blo on a l~rge 
scale ~?11i1e the Eors sl'l·~~Y 8.1'1·1 tb,in bedded 1::tyerS\7cl.!)e chni1ged into tr.ese 
silicate products, b1.!~lding the \,,1:010 l:1Z;'!.ss into n ':e17 resistent crystalline 
bed of rock stratao Sor::e of it is e.xceec1ing difficult to workin ·because of its 
b:ardneS~1 or tougi:1.~~CS3o 

Probably the origi!18.1 lin(!stone and sboJ.e was all dark colored.. The 
mineralization <.me! racrystallization b ,s r:l2.de it generally ::ru.ch lighter .:nd in 
mal1Y pl::-!.ces al~10st ,,;}l1.ite o The 7\'11:1.te strcnkG rar.1if'y tb.ru dar}:cl' colored beds, 
and in 80:::0 plnces thit is 01s0:\'£101'o dark ar bluish gray has been cospletoly 
t:fhitened by these minaralizing p:~ocesGG It is th.erefore quite difficult to 
fallow t.be beds on the sur-fucc by their color or condition and. it is this feet 
tho.t ~ceour~ts fot' riIuch of the confusion in identi:fication of the difi'c!'en~ stra.ta 
end for the difficulty of ce'tailed mapping. 

·'111:113 . rn:t~18i<Qalizs.tion. r.~l--ocass he.s also ten.ced to destr~oy t'ne l:lOre delicate 
oriE;inal structu!"cg I'he fossils ar!3 poo~{"ly preserved tlnd il1any foz-ms ca~ot be 
ideritifie.d a t ~ll, altlr; ough it is pcr.f\:~ctly C1CC!.1" that fos8ils rrere V01.J'" =.bU!::1ant 
in nl~r!.Jr of the beds o 'Ibis is p·:::rticularly tl'U·C of tb.c formations for;Jing tr19 
lori's:c ~~C?8b-e~~ of thG neries ft~om the :Pinal Schist, u.p to or nCErly to t11e Hilltop 
quartzite:l and it is or'~y hel~e and there th~t be-is ::1,1"8 preS';:lrved in or1zi~!ll 
condition '17811 enough to mak3 use of -these finer details. 

Along with the :;!:Lnere,liza'tJ.on effect::; already doscribed., there ,las also 
some metallic ;;;:i.i1eralization; Pyrit.e in particular is very comr:,on in :::inute 
particles or cj7stalls 8S30ciatca. with mnny of these projucts, and occ2.sionally 
other ore mL'"lernls r:c.y be i'ound in almost arq position from onc side of tho · .. 
block to tee othor arrQ fron one end to tnlS ot1::S'r. li'or t:,9 most p~rt, h07.'ever~ 
these random occuronces of ore mine:t:als are in s.;1:tll a:~ount and seen to hava 
too little prodse to encourage :men n:ore than sir:lple prospecting. 
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~nong near the to, of the ,ridge , ho·.7eyer.~.·Bf;~:~ ~' the belt marked 

out by the Hilltop Quartzite, there is a :.TIlC!l !!lore e~Ccim.~..p, ?t~ization • 
. Its :nost pronou .... "1ce:l dGvelop';·,e r,. t .Fit the curf:;.ce is along sr:t.Al:rgi(j.9tv )f?'1r!I~, 
fractures and in bunches in the quar-t.~, :U:, .~, but sor,,;3 occure!1ces 'Fo'11-!~h!J-jfii1Y- ~ 
siL:.il2.1' C!: i',lT9.cter Oily b~) seen in tho fo ot7!B.ll l:i.;;losto:;.:c;'; adjuce~t "t5l1r§c~c O~("" 
litt,lo distn.nce fron the ('!uc.rtzite ulon~; fractures and especially a.long ~"", u~C~ 
~"''''' rr~'''''''' 0""' a.~"1~·-"" M~n "' r"l";""'';--;'''''n a.'o·", n- 4- l, ,,,, "",~ ·"t".:.;-,..,. i'" "'o"t ........ ·onoun· c""~ oln ~ . w..:...:... ... .:.:l~~loJ .J,. .1. ~C~. w ..... , (4 .. .;-.. ': ,l.. V_ ... .J:.. ..!- .':"0 l.t ... _ CJ ... i u '.:,:.!. ... ::._l.V\J tJ :';.J , 0 1.-.... . 4 • v ...... ... 

Hilltop g:-ound proper and. can be seen to '):;301:. advanta ;;e fron the Blacksmith 
S:;op Tur .• nel southward for b.lf 2. ;nile 0::' f10~3. Tte ot.l:er type of mineralization, 
t~at associated with di'f-:os cu'c,-i;.ing the li::estone end sometir:;es penet!"ating the 
lit:e;;~tcne for some dist~tnce, :1s sc:en bGz.!~ :11.1. t t G IIill top E.::,:.teY.sion ground 
tcrv;ard the north especi :dly' in Lead Lilly ml !r:u.reka. clain~s. 

The cha.~acte~ of' the minoralization bits pri:cJa::-;:! condition is simEar 
in nIL of t.hese places in a vcr;! broi:cl TI8.y) but t!lOrO are local dii'i"erences of 
considern.ble possible imI)Ort.9.11C9 o It 9 .. ypcC.::s, for excrJ.plc, that this matallic 
::.ine!"alization y!hich is reprGss nted. by cOl:siderable variety of the sulphides of 
tte ~etels and includes ores of load, zi..,"-c, silver', iron, copper and :::olybdenum 
ca'1!e ve:'Y late in the .,.;hole ;.::!. no:~alizc.:ion histO!7, F!'2.ctically forrling the 
e::d ef.fect.. It se81:1S to h ;lVG been produced by esccping solutions \7hich v:ere 
ccmpa.ratjvely highly heated and r;ere a t t~:n.t tir:.e at ~ufficient depth end under 
great enough pr~ssure to i~ornl sOwe of ·'t11G standr:.rd hi_gh tec?erature minerals. 
It did, ho.lever, find CEl siGGt outlets ~lo:''1g li1'".:.c3 of fracture and bedding plunes 
and doubtless for this reason it chose to follow chiefly the quartzite. This 
y~'as a brittle for~.i}tion and ill t}l(~ 1.~t-3r dsi'c;.:'cation adjustzents developed a 
good ~any cl"'acks, eS'pecially c·ro~s fr 2..ctm"e s 0 T11ese for::ed a. series of cross 
veins. llnst of them are occupi ed i) ) i" a V"z r y ca~plex t:Y})8 of ore. 

The· solutions t'ihich cac~a 1.1p alo~g tl:esc linc~ of i~·eal=-.c.ess alog penetrated 
.other lines 01" weah."TIess in t~; e l~CC~': E.!:d \,<~!'e acti~le enough besids3 to z.ttack 
SOD e of the CJ.u~l.rtzite itself and Clcco::plisb a good deal of recoval and repla­
cenent. It is possible at a goed c:q::·'Osu.:-e such 8.S the open pits or cU.ts at the 
Blacksmith Shop Tunl'lel to Gee the effects of these penetrating and replacing 
solutions on the adjacent rock. Those Din0ralizaticn effects branch out and 
penetrate and die out in the qU!),l"tzite [;.~ they pass toward the surface L'l a very 
cO:lplicated vte;y. It is perfectly 0yide 1:'i:. in looking at the:!! to soe that they 
could not have been formed in any othGI' Vi",-y thall by risin,g solutions ~ Some of' 
these fingers end abruptly and nothing n~re canbs seen above. It is evident, 
of course, th:;;.t the activity of t he solution i'1::1S, at su.ch point::l cO:i.pletely 
e;d15usted and nothing further co'_~ld 0-:; t;;.cco3plished alan,; that particular line 
o~ attack or penetx'a"tiona . At. the saDe ti7::o, h017cver, at some other point the 
solutions did continu.e to c;::c!',pe to 1: :1 6:1e1' levels and to produceol"Els of the 
Sq.,';l9 or related type in other ma:.~e ~~~eQdily available positiCIll'a 

It is th.e ,cot~~or.l obse:l:-J"ution t l'lat these cross fractures contain rather 
basic and co::rplcx O't'3 und that t l;ero Ul'0 other p3.t~hes more cr.icney like in 
tl"::eir f"O!~3 th,a t ha'v'e a slJi:r;ler w.nl:eup carr"ling lead. in great do.c:.i1~ance. This 
is probebl~T the result of c:h~nging· q:uulity of' solutions ~s the process of 
::ineralization ccntin'U~d. 'l':lO latost prod.ucts have a composition in ?ihieh lead 
is (lominant. This is not s urpl"'ising cons i d.erin,; tI1e fc.cts thnt the whole 
r:!insra.lizatioll process bega n 17ith the introduction of non-rr.otallics, v.hcn the, 
li.-:::ontone beds were chiefly being transfo:::-ce:'l,. r.nd that it f'urnished nol's 
me-tcllics toward. the close of the :nin~rCllization epoch as the 19neous influences 
died out. 

In somo places also thel"e is cor.s idcr.::.ble penetration of the COU1'ltry rock 
by these later solutions, which carried. ore r-inorals, producing disseminated are 
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Along near the tOl' of the .ridge, hO:7eve:r.~.·8~~~~ ~,..,. the belt marked 
out by the Hilltop Quartzite, there is a :.TQch !nore e~~N:r~ W~ization • 

. Its ;:nost pronoU!:ceJ. dGvelop':'.ant at the curfr;.cc :13 alon~! srr.~'fj9tv ~?'1r!11.lrtl;:). 
fractures and in bunches in the quart,3:i.t,o;, but sor;:G occure:l.ces 'f:o'fl.tAP.~if!t} ~ 
Sll:.i12.!' Cl:aTacter nay b~} seen in tho foo·t.:-!all li::.osto::.cz adjucent '"-t§ '41c~C O~(' .•. 
little distance i'ror:.l t}19 "!u2.:::-tzite nlong i'ruc-cul'es and especially along ~Iv" u~c~ 
rr:arginn of' dik(3s. ti in'3raliz'"tion a.lon,:?; the quartz5.te is most pronounced in;S: . 
Hill top ground. proper and can be 0cen to bcot adv'c:mta~e fron the Blacksnl th 
S~op Tur~llel soutl1'tia:c'd for half 2. ~i10 0:- r:l0~e. ~hc other type of mi!:eraliza-tion, 
teat assoc~ated v,:ith. di}:cs cu,"c,tlng the li::estone and sometimes penetrating the 
li=.e;:;t,cne for some distri.nce, is seen bGs':~ i11 the:) TIill top E::{ter-.. sion ground 
~ard the north especi Cilly in Lzad Lilly ~d ::Su.rGka. clairs. 

The character of the minoralization i..", its princ:-y co~dition is sird:!'ar 
in all of t.hese places in a vcr:! broi'Hl TIay) but t:1Gl'e arc local differences of 
consideruble possible imI)ort.9.11C8 o It 9.ypec.:-s, fo? exanplc, tn!?t this metallic 
;::ineraJJization y:hich is 1"sprGs8!ltod by cor .. siderable variety of the sulphides of 
the l'!!eta.ls a.nd includes o:res of lead, zL:.c, silvGz', iron, copper and r;:olybdenum 
ca'1".e ve:'Y late in the -"hole :uj.no:talizc.':ion history~ rre.ctically forr.1ing the 
end. effect. It se(:)ms to have been produced by esccping solutions \7hich v;ere 
ccmp3.ratjvely highly hcat8d and :;8re at tl:n:t tir.c.El at sufficient depth and under 
great enough pressure to :form SOi:le of t 110 stancb.rd high ter:rperature minerals. 
It did, however, find e3sie:-Jt outlets 21o~-:g lines of fracture and bedding pl8.nes 
and. doubtless for this reaSOll it C~()Se to £·o11o~!f ch.iefly the quartzite. T11is 
-r:i3.S a brittle for~1ltion and ill the lat-3r d.Gfc~"'rJation adjustments developed a ' 
good many c148.cks, es'pecially c·ross fr::.ctm-eso 'Ib.esc forned a series of cross 
veins. Mast of the:!! are occupied i)~i";" a ~lcr:r co~ple:-: tYl)O or ore. 

The- solutions t7hich c aC12 tlp aloz:g tl:esc li~cs of y~·eal=--.aess a102 :penctratcd 
.other lines oi' weah.-ncss in t::e roc1,: [~!:d l~c~e ac"ti",e enough besides to attack 
some of the q,u;;l.rtzlte itself find. £lcco;:;.:p.lish a good deul of rer::oyal and repla­
cenent. It is possible at a go':)d eX:l::·Qsu.:-e such as the open pits 01" CU.ts at the 
Blacksmith Shop Tu.."I1.nel to Ge~ the effects of theso penetrating and replacing 
solutions on the adjacent roclc$ These ~in0ralization effects branch out and 
penetrate and die out in the qU(l,rtzite [;.;3 they pass tOYI2.rd the sU!'face L'1 a very 
cO:lplicated we,y. It is pc3!'i'cctly evide:!:t in looking at the:!! to soe that they 
could not have been formod in any other we:; than by rising solutions 0 Some of 
these fingers end abruptly and notting c~re can be seen above. It is evident, 
of course, that tho activity of the solution ?J8.8 f at su.ch point::; c02pletely 
ex.hausted and nothing further cO'.!ld 0-) z::.cco::1plished alan; that particular line 
of attack or penetre.tion.. At. the SeDI3 ti7:':o, ho"cver, at soma other point the 
solutions did continue to escape to h:1g~er levels a.nd. to produce ores of the 
S~-.:Ie or related type in other more J.~e2.dily ~vailt1ble positiomoa 

It is the ,cor.~!!lorl. obse~J"ation that tb.9se cross .fractures contain rather 
besic and cor;;plc:!: 01.~'::l end that tl-:ere /ll'e other p3.t~hcs more cbi!:-l1e~T like in 
their for:'! that have a s:i::::r:le:r PD.keup car1'"Jing lead in great donil'!ance. This 
is probebl~r the result of changine" f!.unlity of' solutions as the precess of 
rr:.ineralization ccntinuod. 'l'~le latost products have a cO!!!position in which lead 
is dominant. This is not surprising cons idorin:; the f~1Cts th:1t the whole 
minerslizatioll process began I<ith the introduction of' non-rr..otallics, v.hen the. 
li:nestone beds were chiefly being tri.'.nsfo:"~2ej" ~md. tb,9.t it rurnisbed mOl'S 

mat2.llics t01m.rd the close oft-he miners.lization epoch as the j.gneous influences 
died out. 

In somo places aleo there is cor..side~<:ble penetration of the country rock 
. by these later solutions, 'fJhich carried. ere r-inorals, producing disseminated ore 
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but that type h~s not been discovered on u. large ecs.le ~~tV~~~'=G~tions, 
thus far. It can be seen, howe:VGl', in the Eureka wor~dngs o?' <!)~~~;"l~D 
~1 ..... ,J.r::,_. ~... "Y'\' • "I~ v.~Ql""I y. ~"IYl""'''~ !?~ <":'!.~.~ ... ~~ 'f'" ~.; h ,.. ;... ... ..,<O:.,"'.I.on ..-••• u alse l .n tL ... , . .:..~:-e • .1."" •••• 0.1. """l,, c", ... voin pl<.c0., _D t .. e~~ J.?i"o> 
ground. ~ (). ~~ . "l~h ~. '~"1''''''+-': ,~ .... '0 11 ... ~ -,;,.., .... - .Lh .... ~··i·I.'!.. ... },. b . " ~n&\ ~~, ~ ••. 0 LI1.nc ....... J.~ .... ".on nil.n. II -..n_ 0.;. "'i~,"""J. l,,0t',e u e... " uH ,,_,'3 c .... r _l'!b-c ';;"0 
,f!,e(:loD'~lc stru.cture of the block on oOJsible additior.31 distribution is G. . . 
'. ...,1 1 

of cxtrc!'.:e ir.:portsl1ce so th[lt thcsD t1:.1ttors are givGn more extended discuOSXlD Cr 
in u section b:;r tbemsol'tes uncle;:' h,:;ading Ore Depos~.ts. 

7. Prcmmt Cor.di tion. ~ :....~S/ 
"1'1':e rocks for tho ~0St p8.rt arc in a;}out as sound condition as they 

ever \7ere except su~)erficial17. ;::ost of th", lxxls e.re hs.~"'d and not much altered. 
T113 ore dapas! ts, hm'I0VCr, arc r:1uch effected by secondary proces::;es due to 
i'Jea tl,aring. Rain 'J1D. te!"s have £oab::d into the Hilltop Qunrtzi tes cnd hnv0 
le<lched some of the orcs, others h<lve been oxidized to sulphates aLd to oxides, 
pe.rt of the material r.:.as been dissolved and cal'ricd d07l!1 helping to attack and 
destroy and modify the material lying ~;till deeper. In some places these 
second.a!'y destructive effects extEH'lu as deep as any of th,C) worl::iI:gs have yet 
r8~lched. Other spots on tl;c contr8.ry ,::170 in much the sa:~e condition as V:'ben 
they were first fCY'D3d$ The cri:f'ferc ~-J' J ~:G,::on:1s largel~r on their proportions of 
minerals and the fJtr'tlctural caridi tie r:. ;:if ti-~2 ore and surrounding rocks. 

Such secondary ,o;.ttack has resulted i n e. grea·t mixture of products and 
pl"or.1inence of c3:-tain typical r;!inGl."als such as tbe cnrbol'lQtes c.nd sulphates and 
o.:.:ides of' iron, lead, and Zl.llC. ~;olY'bdate of lead occurs aloo snd occasionally 

·othe:::- less com",.on secondary minerals. 
Such concH tions are on the "":101e favorable to secondary sulphide 

en:dchment ax:d perhaps if this had bec:n a copper deposit onG might h<:.ve found 
e:{t,eTIsive second?l'"'l sulphide ore snoi)ts but the pnocess does not seer.! to lend 
'1-,"'" ~-..~. f' <'>" 'b ., t 'J.. •• • f ruse ... .!. so we.LL J.!l 1:.013 case 0_ some or "ttl9 ot, .cr me-c8._S 0 "G.!c pro:Juc'(,~on 0 
secondary su1phides o. : As' far .. ns the inporte.nt metals are concorned the ores 
found in the shoots are either original minerals or else t~ey are the sulphides 
and oxides and ce.rbonates derived from the!:.'!. Lnrge quantities of iron have 
been leached out and probubly lurge quantities of zinc nlso. Some of this ony 
have disappeared entil~ely e'f>caping with the circulating 'i'.'ater. As deep as the 
norking !'.JJ.s gone this condition prevails o It muy be, hO';;ever, that some secon­
dary sulphide is better preserved below tho present worldn[£s. The present 
condition of the ores includes primar3; sulphides and o:ddized products chiefly, 
rather than second2.r",f sulphid.es to any ve::-y great exten ... 

8. Physiograph:i.c 'Expression 
The relief is !"Ug~;ed. Th~' crent. of the ridge runs naarly parallel to 

the beds. Tf,B crest is fOTyr,ed b3T tt70 ror[~ution3 ch:i.ef'ly, tbe fiElto? (~uurtzite 
and & V'~ry :r:D.SSiV8 oherty blue l:1.c:ostcmo lying above it. Those are the f!:OSt 

x-6sistant beds in the whole seriefJ and s-c..nd up in greatest relief. Structural 
TICakn8Sses such as cr'..lshed zone,s and faults he.'lG in some places helped to guidc 
the location ravines or sl!l3.11 ca11yons, but on the whole these erosions depressions 
are not a. very satisfactory evidel!ce of struct't..!1'ul conditions. There ore equally 
pronounced canyons or g":.lllies 'i'IhGre no such structural '\";'ealmess9s SCO!!l to be-J.n 
evicence at all. All :: streams are eroding acti·.,ely and all stream bottoms are/ ' 
narrow. Only White Tail Canyon sh01t'Js v;ash deposits. 

9. General Historical Statcmer;.t. 
The oldest formation is p!'e-CClll~b::'ia.n j.n aca) but very little of this 

is to be seen anywhere. 'l"his is the ancient Pinal Schist of the southwest. 

·' 
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75 Prc~Gnt Condition '~~~/ 

The rocks for tho n0Bt pnrt tJ.ro in a;.10ut. as sound condition as they 
e~TGr y;ere e)~cept su:;orficiall:r. iiIost of th~ tJOGS ere 11S.:~d and not much altered .• 
Th3 ore deposits, ho,lever, are r:mch effected by sacondary proc8s~es due to 
Vjea t2;aring 0 Rain '?JD.ters havo £oul:ca into the lIill top Qunrtzi tes cnd have 
1e2.chod some of the ores, otbers h2.ve been oxidized to sulphates aLd to oxides, 
pf:.rt of the material t.:.as been dissolved and cal'ricd do,;,m helping to attack and 
destroy and r.1od:ify the material lying ~;till deeper. In some places these 
second.ary destructive effects extend. as deG)') as any of th,2 worl::.il:.gs have yet 
r8:i:ched. Otbel' spots en tLe cDnt:r8.ry are ill TIltlCh tl1e sa:::G condition as wren 
they' were first fm:~~.d. The criffer c~~ .':' J ~:Q,:: on:1s largel~r on their proportions of 
minerals end the strTlctural cor!ditiG ~. Gr tl"~2 ore and surrounding r~cks. 

Such secondary F.:ttack hac resulted. in a Great, mixture of products and 
p:r.. .. oninence of c~rtain typical r:dnera}s such as the carbon::tes and sulphates and 
o~:ides of iron, lead, and 7oi11.c. blo1ybdn.te of lead occurs a1::;o and occasionally 

. othel" less ccmr:-:cn Becon'.:mry mine:rals. 
Such conditions are on the uhole favorable to scconcary sulphide 

em1 icrH!lSnt ar.d perhaps if this had boon a copper deposit onG might hv.ve found 
e:d~8n9ive secondarJ sulphid.e are sho;)ts but the pnocess dOGS not seerJ. to lend 
itself' so well in th(;3 case of some of the other metals to tbe production of 
secondary sulphideso >: As' far .. :<1s the lnportant metals are concerned the oras 
found in the shoots arc' either original minerals or else t~e1 are the sulphides 
and oxides and ce.rbonates derived from the!:!. Large quantities of iron have 
been leached out und probubly large quantities of zinc nlso. Soma of this cay 
h~ve disappeared entirely· e~caping with the circulat.ing "ater. As deep as the 
uorking i"..as gone t.his condition prevs.ils o It may be, ho·,;ever, that some secon­
d.ary sulphide is better preserved balo?! tho present worldnes. The present 
condition of the ores includes pri,mary sulphides and oxidized prodtlcts chiefly, 
rather than secondary sulphides to any very great extent. 

8. P'nysiograpI-.d.c Erpression 
The relief is rugC;cd . 'fhQ' Cl"6Ct of the ridge !'Un3 nearly parallel to 

the beds. 'ELe crest is fOl'Y"ed by tuo t'orr:utions ch5.ofly, the fiillto? Quartzite 
and &. v-ery n::assive cherty blue liL'lostDno lying above i t. 'i'ho~e are the f!:Ost 
resistant beds in t.he whole series and stnd up in greatest rolief. Structural 
wcak.'l8SSeS such as crushed 'Zones t3.nd ;[2.ults he.ve in som·3 places helped to guide 
the location ravineS e.r sll'illll co.nyons 7 but on the whole these erosions depressions 
are ~ot a very satisfactory evido!1Ce of structural conditions. There are e qually 
pronounced. canyons or g-:.l11ies wh8re no su.ch structural 'l;,ealmesses scem to bo. m 
0vicence at all. AlL streams are eroding acti-vely and all stream bottoms a.re ;' '." " 
naT::.oow. . Only V,}:ti ta Tail Canyon shovn, r.ash o.0p05i ts. 

9. General Historical statcmer;.t. 
The oldest formation is p::-e-Can:b::-ia!l :in aca, b;lt very little of this ;' 

is to be seen anywhere. 'l'bis is tht'; ancient Pinsl Schist of the southwest.. 
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Aft6:' 2n e:'odon lntcrv,~l t\ z:cent serie~~~'hY cor£or~able 

CCc'.I .. ir.lents and li:~Gst0nBs v.cre l ,:tid d;)·,m on top... of th~~~. ~ ~~. ~ ontinuing, fror:l 
_;....,..~a'"" p ..... ..,~ "'"i .!...,~ ·~..:: ...... o rl""'s..t..;o ,...~,~~..., ~c ...... ~n'!:""., ..... '" ~:.~ _ ~ ..... Cai"u.;.l",n to .;;;;~' . .l."'." ".,.,," .... Q I .... l.h ... , ';";;;;<At '-"--'-""" t.,9 e,· ... ~1t .. 'E~ are rathe..:. 

i.l:n~erfec7,ly r2::r8S8:lt~d bv beds 17hi~h C:::!l10t be nssigrn0(1 v'{1..~f-'" ~eat 
-:;. ~ v ....... -.r~':J 

C""r·~n': ·"··v ""0 ",..,,, " " ,~';":c,·.,,,,·~ ... ~,.,..C> ~s -;1 of' t"'o<> -"'oo'"'il'" J.."'v'" 'o·!'~·,~~,... ~~d 'CO tJ ....... '~ .. .,\,v" v _<i.J> .. ' _ ....... _ IJ __ u_l .... l v_ ........ ..:_ ... \-. -. ~_.J ~ ~,,;:71 0 ,1~'::"" \:; e'l.,7;:': ~ l.J~ \oJ • 

N:'or;1 t1:eir si::\ilm'::'~Y) hO'::9yer, in Ch:l:;'~Qctcr D.:lJ in S8'luence v) ~~_ ja­
c~nt districts, c<.:;.'cci2.11y the Bisb8~ area, it is reas-::mal::>ly certe'~ . .:.~~t~ 
""1.-.,. ..... _'1-.,... ie.o 'r""'~lj ..... :':)"""' ...... c-:"'~~n7'~'-1 h'"lt 0"') ~...,~.., -;_~ ..... .l. '1 ....... ,.. " .......... +?·4- 0 <Cii' r.':! • G_ ... .J .. :U::l1 _.:l ,. ~ ~_ .l '- .'. - ,,~ __ v"Q '_,; "O._,: . .LO .. p.r"" I>C .... :1 r; ""i. v"'J. ... ~ ,.nd ~ tl'lpe ~~ec~ 
stones aYwunting to so~!er2.1 h:..,r.dred :feet at the base of the series. ~AtJi u-e.;:\ 

The Ordiyici::3.Tl ;:md Sil'J.ri,t!l st~c.ta are deub'noss r:ruch less pro!:line~"t.l~r 
rapras'3nted B.!:.d the Jevoni3.!l is 8150 in tl1is district of u..Yl.cc~taj.n t)OUl1daries. 
No unconformit.ies, hor;av8r, arc noticaole at any point. The loco.l representa­
tives of the :or:::ations belong:i.ng to these pe::;iods a::;c followed ir:rr:lcdj.a.tely by 
very grest thiclcH~ssos of' st:r2.te. Ilississipp:ian and Pennsylvanian age and pe-:-he.ps 
also of PeTL1ia.n ~Ge, a::ou.nting to m!2.ny thousand feet. 

f,1ost of these streta arc liI:::estones or she,ly and impure li!:lestones 
and they becm:1e silch ,::o1'e sa.ndy and shaly townrd the top of tbe ~eries. What 
ha:onGns at tbo ver7 to:J of this series is not shown in the H:i.ll tOD block beca:lse 

... 10 .. .. ~ 

the eclg8s are 0i ther covered by 1n ter (Tertiary) lava nOffS or b:r wash or 
otherv:ise obsc::red by later materia1 4 

The geolo;;y of tbe Eill top d~cstrict, therefore, is concerned chiefly 
~ith strata of P~le0zoic age f!'o~ C~~brian to Permain time. ?ne mineralization 
h i story is doubtl'2sS conr~ected T'lith thG igneous i.'1trusion epoch~ Since tbe 
int?'usive roc1-~s of igrc8ou3 o1'it:;in cut thl"u and modify allm92b8rs ~ of'the series, 
they, with dl the:!.:!' related effects I:.1.'!st have come at some tin:e subsequent to 
the C1086 of the 1:>3.1eozci& after all of these b:;QS had been formed. There is' 
no direct evicl ;,:;uce of the exact age of this deV'clof-,rr;ont, but it lies somewhere 
"1-.<'> ... ··78"'·" ':'l...e "'O"'M':~ " .,.·"I-"'n +1,,';" C!t:>··l';mr>·"'·\'-';':'on wa'" 1"'':'''i,..'1..''''1 "'n~ +}." '1''''rt 4 ,,'!''V volc"n';c vI;;} v \o V .. 4 VJ. J. .t \,. .. .1. .:..:..l.!..tJ. ....... :l. .. C ... _ v ..... "'_ ;J_' . ..... .:...~v ... "'v . ..J. .... ~ _ .,;.J ...L.~ • .;.;.t!~~ <;;.,;..:.. .. :..-4. v ....... ..:::.. _w .1000._.) c.;...-. • ..,I". 

ou.tbreak r.:hen the outflow's of In'vas and.accurr:u1ation of tuffs took place. 
No other r:istorice.l steps are of apparent consequ.ence altho it must 

not be overlooked that altcrat::I.on Q.:'"ld. erosion and secondary changes have effected 
the ores and th:lt these cl13.nges hs,'J'Gco!ltinued dOiffi to the very present tir:le. 

B. Geolorricsl D'3t~i1 

The Hilltop and Hilltop Extension ground covers so large an area that 
local1y each of the individuz::.l features referred to in the genera.l outline 
become of 80::0 i!:"!);ort:mce. 

The properties boundaries actue.lly overlap or extend beyond tbe edge of 
the Hilltop block et tr;o or three points and t.':lke in some of the adjoining 
formations. 

On l'lccount, tn:9refore, of the occasional i:::p~rtance of local geological 
condition;; and feat'J.r8s, it is necessary to discuss some of thGse points in 
more detail than J;;as possible in the general outline. 

1. The }~o~rn3 tions ~ 
( A) . <7" S ~. -....£. ~ d • ~ .t.. hi ~\ J.2e· e-...J.~~onuar.!.es an :,.e"a.morp l CS 

.\ 

SeTlen sedimentzrry forr:!ations 
some of them are not distinctly separable. 
they are as follows: 

1. Fosciola ?ermit'-n Bods· 

are probably represented although 
Beginning at the top of the series 

No beds of recognl sed Permian age occur wi thin the bound.e.ries of 
the properties and it is not ~bsolutely certain from any fossil evidence secured 

.'-
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AftG:' 2n erosion l::tcrv,:\l t, c:cent serie~~~'bY cor£or~ab1e 
Ccciir.lGnts and li::'Gs'z,cn?s V.::::C8 laid d;)",m on top of th~ .... ~~~~ontinUing. fror:l 
C - ,.....,... ... ,... t ~ ...... , ~ ..... .! .... 7"I: ···.:.· ... 0 Trf"ts ..t..h-i Q ........... I~~...,t C:C"""~ n'!:" +.'t-. ..... '" Ei\J... ~:.x~ "b -:1 •.• u_ l""n :). "'~, .... :.'"" , .... ''- Q __ _ l,;. _.> ,s-' "' <A • ._,,_ .... ,,"" ".,e c,,.r~t.: '£ ., are ra" .9..:-
i.:n"lerfcctly ):,2::1'ss8:;'-(:.::o. bv beds whi~h c:::-J.ot be ussigncd Jf~~'"" ~eat -: .. .a t.o' ....... ....r~ ,:J 
C'-'r·~n.: ,,,J·v"'"o ",..,,, "",~"'';c,·.,,,,·~ ... ~"'C> ~s -;1 of' t"'.<> J>oo"'il'" 1--..,.,..,... ~.-<,~., .. ~ .... ~~d 

.:, ..•. 1 ", . "' _ _ OJ_.,J._,-,-,-_V,!) •.• ,~, ... , ~ •• '"'~-'-<..._"' <-••• ___ ':;" , • '" ~" _ 0.-.t~or~~~:~~~.,..",,~::;~,,::;:;·- ~-ol:'~T~ev:.-,~ .~~ c~~ ·~n('~cr· - ;~.J.d ~.~ "vc<'1u"-e'n vGc~",ueto""'~~~""~~""" ~ .J'" 

c~nt districts, es;.'8ci2.11y the Bisb8~ area, it is reasonal.::>ly certcl.J. . .:.4~t~ 
C~;-;t~1."i['l1 is ';";'212 re::--:'': fi2l!rt<;ti b:t cOD.slo~p.r8. to an] r;u:,r::·tzi to ~l1d stripe ~.e!::.I.~' 
stone:.:l' am.ounting tv so~!er8.1 h:.mdred feet at tbe basc of the series. ~"V'I V'~~ 

The Ordivici:::"T! 3nd Silurinn 8t~nta ara doubtloss r-!llc11 less pror:line~-cl~r 
rGpras,ant0d e.~:.d the Jevoni3.!l is 8150 in tl'lis district of tLl'lcc:.:-ta:i.n t)OUl1daries. 
No unconformities, hor;aver, arc noticaole at any point. The 10c0.1 representa­
tives of the for!Jations belonging to tl1ese 'pe~iods e.;:--c fol1017ed itlr:lcd5.ctely by 
vcr'! grest thiclc16ssos of' strata !lississipp:ian and Pennsylvanian age and pe-:-he.ps 
also of PeTL1ie..n 2:-[;8, a!":o1.1nting to ffi.!2.ny thousand feet. 

f,1ost of these strata arc liI:::estones or sha1y and impure lil':lcstones 
and they beeo.ne such ,::ore sandy and shaly tm'lnrd the top of tbe ~eries. What 
h8:0'O0118 at tho ver~r to:J of this series is not shown in the Hill ~GOD block bec8.:lse 
t.h~' edgas are 6itbcr covered by Inter (Tertiary) lava nOffS or b:/ wash or 
otherv;ise obsc::red by later mate:r~iel. 

The geolo;;y of tbe Eill top d~cstrict, therefora, is concerned chiefly 
"i th strata of P.-:leu2oic age fro::; C;:.;-:;brian to Permain tir!le. The mineralization 
history is dO':..lbtl'2sS connected ~'lith the igneous i.'1trusion epoche Since the 
int!"'usive roc).~s of igneouS or ie-in cut thru and modify allm92bsrs ~ of'the s~h'ies, 
t.hey, with dl thej.r related effects I:.l'.St have come at some tin:e subsequent to 
the close of the }'?leozei& after all of these b:;ds had been formed. There is' 
no direct evicl':;TIce of the exact age of this d9\."Glop~cnt, but it lies somsl',nere 
bet'"een tIle vermin!1 -;:;}-,en. the sedimentation was finished and the Tertiary volc8..."lic 
ou.tbreak r.:hen the outflOYiS of hnras and. e.ccurr,ulation of tuffs took place. 

Ko other r:istorice.1 steps are of apparent consequ.ence altho it must 
not be Dverlool-:cdthJ.t alterat::I.on a:"ld erosion and secondary changes have effected 
the ores and th~t these changes have continued down to the very present time. 

The Hilltop and Hilltop Extension ground covers so large an area that 
locaJ.J.y each of the individual featlll'8S referred to in the general outline 
become of 80:::0 i:-!~;ortance. 

Tbe properties boundaries aetw'.lly overlap or extend beyond the edge of 
the Hi11top block et tr;o or three points and t.':lke in seme of the adjoining 
formations. 

On account, t.h'3refore, of tbe occasional i:::p':)rtance of' local geological 
condit:i.om; and. feat:lras, it is necessar:t to d.iscuss some of these points in 
n:.ore detail tl1sn ~as possi't.le in th.e general outline. 

I. The Porm2tions. 
(A)T~e Sedimentarias and Metamo?:'phics 

Se"len sedimentary for~!ations 
some of them are not distinctly separable. 
they are as follows: 

1. Posdble Permi an Bods· 

are probably represented ulthough 
Be~inning at the top of the series 

No beds of recognised Permian age occur within the boundaries of 
the properties and it is not ~bso1utely certain from any fossil evidence secured 

. ( 
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that any of the bed;) belon::ring t~ tds block arc~~~ It is true, however, 
th::l.t 8.long thG 0xtrG'~\O l'JCutern. e~l::;'? of' t l,::';; b:oc~~ W~fiO~;_~'rJ.allY o,Yerlo.pped 
hy +~,," "'Y1tlc~"'i"" .,," 0;010"'" t;-, ""~(' ;" " ';"" "'''t,'' 7"" ~-""''';''''''s of v-·:':fI:~S;~ ~ of ""Ul.··I-", v vI ........ ~ ..... 1.,.4, ... ...,_ v.......... ~' \,.;o ~ .• \;,,;j. -.:;; ..,1.,.'-' ...... 0- ..... ·..... 0001 _. _v ~. L.__ \;r:',J..- CJ '1. V~ 

A',: """'r""1T- C~"'~1''' C+ "~~~ .l.·"""om .. +11'''''''''' .... ·-·("O "'·~ '" ",..,. ..l ,.". 1,,,,, on !"".; .... '" ';'0 ~' ~~. ~ni .... n · .,.L..J" .... v vJ.. .. v "- ~ ._.",, v ..... _· .L. """' ... ...,; " .......... ___ . , ... _ p..!> ..... ~ .4 ( -~ ~ ........ ~-.. -"'V..:....1. .. o v .. a:: .. ... 

·oc· ,.., ··~"' t.h It .:: ,., vC;"V' li'r(,1" i r"''''''' '; ':",.,..;. "''-- ..,-,. 0<0;0""'" +0 t 1,,,, u"" " .'A.r.~. ,~"'e ___ v _. ...;:, _... 1 ___ -,-,..1 ............. ~....... "'_ . ...... v \.1"_ ...... / ... _ .. ~.~. v ~__,. c.&. s- • .,V':iS' .-
.. ..... ....... . 
t .. ,-t ... · ,~'-.., ~ w~ ... ;"J: """':"11 · ~ r }.,., ~·lti(.!\ f"! ~., ..... 'i ("'!l -r'cr : I f ~ 1'1 it"') o~ r""I~ r'! ~ '\o"'t eo:~ . .. ...... en " • . '-'". ' .... J ,-,_.lO\, t."_n b..,,( ..... ~d <:J _ _ •• __ Y ~_ .. "'-C> .x.,. :1.. pl.~c~._ 1). .. ,.1 _ ....... d'" t.bJ./.!:' .... ~- ~ 
..,'" (' · 1~ 1·lt ..... ..,~~·~l-· -·-.l-'-h p··.,"'r>+ ""l "-"""~ '" ~o" ·~ "' '' ('' ';'~ '·';r,,.,'''' of" ",-<:-,·~1::>.,.. "~T"',,,,,,,,,~. ~,.h. _ .... :14,.~ .,I.. ./ ... 1,. ... ,;,_ •• L.tL :: lV' .-i.J. .. t).L;,.<t;.;y "'-_"~"'(,,:.;,_"- v .. _ ...... .J:..- IJ ... u_v •• ..:.J - -.;).,Iw ............. _ .. IJJi-'""~. ~VI.IfJ~ ... . 
:<::'l .. -..... , ~~t,. r:: C')f-~~'''~ ';Ol\-. . ~ .s. :'1 'C":" ,+- , ~,~t... I .;':'!~ S"o .c--"f'Io, .!..l· ~ .... ~. '''. I"'. r r" .. .; c.!...t.r..':"'l 0 .' i ,-CCur.""e . ~v·~_. ~~" ... "'n" \ .. 2., no" !2._L'~$ .J.. .J-.'-'- ,-,~ .l._o:n v,l8 ,~2 ·· ",-Del. a. __ ",-" •• c~ in v - ' l i 
i·ield t}~at, no l'3t-;~' , than t h .. ree C~ :o'J.r tl1ous~·lnd foc..r~ of t:bese bed.s are e;<po3e .' . 
tr1iGY urQ c.~t "03'; (li~ ·:c3 r)u .. t .9.re r~Q~ n :~[::."l :: ,~::; 17lnCtl mod:.i'ied or ef.rect~d by ~r~ncouo 
i11flut311C':;S us al"e the underl:.ri~~: rler.:::::;r:i of the series and at no place do trlcy 
C2.rr~; a:ttrc1ct:i."I:Je n!i~erali3ation ~l~(,r~ougb. cC:!8.sional1y e fracture is slightly 
rni~Gra1izcd. 

2 it ~··l~o P0!1i1 ::F": \r r:t!~ "1 ;':";.1 0 ·88.: 
(a) l~he Up.per ~-J&r_'~:'7 Lic2S·tOl::23 

Tlle Por2".Ls .:tlvfl11i~:.rl i~ r8~:':'2:3::~tcd by n great t;eries of lir:estones 
arld. Cl1:!..ly li::;i8Gton8s ~:.~ . .i ,~).s. r:d.:;- 1)~; ,~sc .~t tl:c to!) tbere is no way of sep~ro.ting 
thin mo!:~ber f1--00 thOS~l ·bed~ th[~t }:c~\.re ~~3en d9scribod. ai~~ove as probably Per-ulian·. 
0:10 pas~:;es dO';7?l Tli thout a:;;;,.y t;'G:~~ e"'~ii d.8:!C~ of a creal: than is represented by 
rebb1;:,,r;jbGds &nd slight co:r.'.glo8G:.~~tic h3.~it into b$d3 boneath that are not 
decidculy difforont fro']) t hese above C-Xc8;;t that the lim.e c~ntent becomes more 
3;:d rnoro l')l"'OTJinent alld occ:: sio::l~l go o!:l li::35tone layers are interst~atified r;i th 
lsyers th.nt er·s s~~n.::1;;~ or sh::1.1y Q:'~ 8So::..s t5.::·0S ere aluost pure sandstone or quart-, 
zite. In some these, typic31 i\:s:.:.l i:22 c:.re found anti tho bods are, I ju.dge, to 
be classified as 01'" the PCln::,s:i l 'I2.J1i~:n ~ge G 

This succession of :2t0~nQti~g san~y and limy beds.continues 
tru:'ougrl a great, t}:icl-~ne ss but ~i: i.·ch 2. sO~·.-;2-;::1at grGElter end gl-'ester prominence of 
tho lioe constituent in t l:.e lO':iGr b,-;2s Q:)':',n to e. second conglomeratic bad wbich 
lies on top of a very m~nsivc bl~e 11~9~tone. 

( 1,,) Tho T i; rn,t:J~+ .""'Yt~ C ("I '"r": ,,:."1 o,.,,:~y.!=' t.e "-', 04 ..... __ ..l. b ...... _"'~/J-;..... 'J~ ' i:.J- _ • ..., ........... 

'I'l:is cOll[!lomor3.te io :~-:d0u::;t8Jly 8. break of more significance than 
any of the oth'crs noted in thi3 series; but for all that it dOGS not murk arry 
[-ronounced unconfornityo '.rho ee::.;.eral cli~ or attitude of the beds above are 
certainl;r not vCl~y differc!~t fro?J tl::1S~ bGlo~~ altl10ugh the obscurity of the 
beddin.g ir~ the th~d8rl:ri~g chert.y b11.:3 1:lr.:.3s-cone :ncra.1Jcr rn~l~es compr~rison sOli:sr:bat 
difficrtl t. Tr:.s I:r,;ost di!'ect eTJi ;~~cnc~ of lJ.:1col11ormi t)1 in addi tion Q~ the ratter 
cx.tensi·.jQ d~:;v81op;'~!ent or t. :18 cCl"'lZlo:::sr'atic cond::1.tion :ls a noticable differonce 
in tl:(7 tl1ict:ness of t~~.o \'1 !~·::1 '31~J..:ti:13 ;:::~SSi\!f.; J:lJ.r~:ber· , th ~!3 cherty If:r:estone, at 
different po:intn. f;~-itJ;out. c.~;y d.Oil Y::' , };c',"G'Jcr, the for:::ations on both sides of 
t he break belol'12 to t he :!otmsyl v2.L'l i :r!'! aY:.~l therefore is not of any lr:.ree histori­
cal inrporta11ce £11 thO·ug.11 us a s tl"'uctu:cnl br~'all it is qu.i te notica ole. 

'11:in con~~lorr:erate c·.~.n lAq t~acGd !lIang, the \"icst slopes of the ridges 
for a long distsncG, but it is b-3St :.lGvclopcd a cross Green, Fl-edm;'ick J., Surprise 
and Ida tmd is ultimr;.tely lost i."l the cr"..l;;hed zones and thrust faulting of the 
north ol"ld of the block. 

(c) 'rhe Cherty Productu.~ L 'kestono (;~aco, in p '.lrt) 
( TO ..) upper r~ aco 

Beneath this cor.glc~.1erntc lios an immense massive blue ' chcn-ty 
lirJostone carrying ?T'()aue~1J12.. Tl:o .b3diin7 in this tormation is exceedingly 
obsc-v.re and inmost places cannot bJ determined at all.' It is, therofore, not 

" 

2 e Tl'!E) POr:~1~-~,": "i.,ra :n in I.l 2·si3 
(a) )~hc Upper ~-)&L~j':' :ir:23tOl::.~ 3 

TIle PO!1TJ.s./lv8.:niL:.n }.2 r~·:: ... ·:=~=::tcd by a great Eeries of li~estones 
a~d 011::.1·y li~~leGt,on8s t~~ ·.i ::3f:.l:C.:;- b~;ds1) ,~t tl:c tor' there is no way of sep:lrating 
thi!J mc~-~ber f'l'aon those ·bed.s th::..:' l:c.ve :'~3~11 d'3scri1:iod. ai :~ o\te as p~ob[lbly Per-~:n.ian·. 

0:10 p3.sses do~·;n Tli thout 8:;4] t;1G~e e'!.,iid.8~~c~ of a crea1:: than is represented by 
rebb1:,,:' )bGds end slight cor~zlomc:.·~tic Il3.-::rit into bGds beneath that are not 
decidoc.J.y difi\;)Z'ont fro:n these abcvc c:--:ce;yt that the 110e c~ntant becomes more 
~r:d. more proninsnt c.nd. occ::sio::1:.l goo:-1 li:':s5tone layers aZ'e interstZ'atified r;ith 
lsyers tb.nt are s9.n1y~ or sh~J.y o:.~ 8o::.eti::-0S ere e.lr~ost r:·ure sandstone or quart-. 
Zit0. In SOllle those, typical 1\:s::.1L'l2 .:re found anti tho bods are, I judgo,\l to 
be classified as of the P81n:s:rl ~l2.nit~n :ige Cl 

This succession of ~2te~nQti~g san~yand limy beds.continues 
thl"'ough a great, tl:ickx18SS but t:i-i·th 2. SO~:2";:~lat g:::estel" end gl"'es.l('er prominence of 
tho li.r.1o constittlont in the 10':1;)!" bells Q:),m to e. second conglomeratic bed "i.'hich 
lies on top of Cl vcry m;lnsiv.9 b11.:8 li.tl'3<::tone .. 

(0) Th.s Lir:1estone Cor:zlo!..:erate 
Tl:is cCBGlomors.te is :':;:lCoubtGdly 8. break of more significance than 

any of the other8 noted in thi3 series; G'.lt for all that it dOeS not murk s-TIy' 
r..ronou .. ?lced unconfornit~,.o 'rho c8r;.eral ell.;) OT attitude of the bods above are 
certainl;r not vCl~y dlffer.cl'!t fr~;~ t·i:8S~ Dolors altl10ugh the obscurity of the 
beddin.g ir.t the th~(lerl~ri~g chert.~r b11:3 1:lT:'.3stcne :'lcm1')cr makos corrpr~rison sor:eTInat 
dii' .. eic1:Ll t. The l:;ost di:r.-ect evi::-s1"..c:") of n:1ccmforni ty in midi tion o~ the rather 
c:;t:l>3!lsi-...re d'31l81op;;'l.;mt of t:,e cCrlZloc::sr-:::tic corl'ijtion 't S a notic.able differonce 
in tl:e· thic~ ·:ness of t!~.o \l!'lrleJ.~J..:li:1~ ;::::38 i~!' f.~ :cu.r:~b9r· , th0 cr:erty li::estone J at 
diffel"ent po:ints. i'~~ithout (lZ·;:! \loLi~t" };C~·: ·G'JGZ~, tr1e rorr!~ations on both sides of 
tl:e brenk belong to the :·Gn~sylv<:u.'li :lr-! <1",:1 therei'cre is not of' any lr:..rc;e histori­
cal importa.l1ce 81 tho·~gI1 us a stl"Juctu.::"2.1 br2tal1 it is quite noticable. 

~1;iG con~:lo!y'0rate c ·.~.n be tTaced ulong, the \iest slar;es of the ridges 
for a long clist3.!lC9, but it is best de 'tlclopBd across Green, .FredericI~ J. J SurI,:'ise 
and Ida and is ultima:tely lost in the c:rJ.sbed zones and thrust faulting of the 
north and of the block. 

( c) 'rbc Che:rty Productu~ Lise stone (;1aoo, in p~;rt) 
(Upper Nsco) 

Beneath this co:c.glcr2erntc lies an im.tr:enso massive blue ' chort)~ 
11ncstone cal':rying PZ'oduet~~:: . The .. bGdding in this formation is ex.ceedingly 
obscure and inmost places c::mnot OJ determined at all.' It is, therofore, not 
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possible vlith cortainty t.hat the bed:; of this forr~ nd those beds lying 
imncdistely above are perf,,"ct1y con£'orm,:rt.:i. vo, but i .. ~ · " "'0.1 Wi''./ they are, 
although the cliffersnce in thickness of t he heavy chc~~' . ~r.ms at differont 
p1r;ccs indicates that tbero i.s at 1·8 ~;S"t 8. ".::.'l::3COYlfo!'rJitYJ'':~/~~" '~~~ .. ~" ivc formation 
-Is '<-\'8 chi.:>;'" ..... "e "1"0""'''J,."''0' t""'e .... ,.,,, of' 4·,.,,,, ~: l'il'~O-'" '''ii1~", h,,"!o..L2+ ~.;"'ted .... 1J • .l .. _ ..... -. VJ,...i. _ ..... ~u J.... (,,~.I1J .... v ..... v .... .,.L. v t~' - - ...... 06\;.;' L,; ....... t.I ~·t ~~Q. 

directly with a bed of sandston3G th:1t is nov;, in pr:.rt, transf~~$&.~Ji. " 
qua.rtzite. l~~;!s;,"~ 

. "'-.:r.,.t- 0;;:(, ~. 
(d) The Hilltop c:'13.rtzite~ '~~-'~t 

The upper pv:.-tion of this 8cndy bed is for t:H3 f:lOst pa!'t nearly Cq: 
pure qU:lrtzi te, but. -/:'he lo"'6Y' Fo~~tion is wuch finol' grained and irlclined to be ~ 
sh:3.1y or limy. A !lw.ximur;) -chicb:l::O~>S of abO:lt 100 feet is eJ:y.:o~)od in places, bt:i.t 
t14:is is almost t~;1.ce as great tlLick~:18ss as should be crell ted. to tha bet·tor 
quartzite qU3.1it~7 01'" the f\')~S,0.t ionlJ 

This is the forrca tion in ':'J::.icn most of the 0::"8 discovered in the 
Hilltop ground 
this fO!'mation 

It 
quartzite. In 
lOi'icr beds a1"o 
po:r-tion of the 

is found, and, 021 aceQunt oi~ tis ir:ipo~tanco in this connection, 
VIill be refe~.':rod to h :: th'3 Hilltop Quartz:.te. 
should be rO!il;.J.!';:od? howG"J"(;r, thc-:.t it is not CTlc!";r;'lherc a good 
some places th" tind:5.ng tli::.to:r'inl is larGely ca.rbonate. The 
decidedly red in color 9.!:.d much finer ~{r-ained. ",heroes the najor 
forJw.tion is only :31iZht.ly c0101";;;1 ~m1 is V''{3ry granular. Along 

!.l por-tion of tho rijg~ this qU:':lrtzit·,3 fJo::.~ms the crest, but for a Great~r pro­
portion of the length of the P:2oF8l"ty, the quartz::' te follor:s on the east side 
of tl'le crest v;l1'ile tIle Cl1crty }?z'odr:ctus lim.2[;tone fOr'DS tlh~ crest. ;It nOrriS 

places, especially fc-.l:" t.o tl~e so"utJb. t:.nd north on the lIill top EXtension. groll.'1d, 
this qUal-tzi te is dj.:ffic1J.l~:, to foHN; ceca'J.se of the cove:':!!:s 0:£ talus end soil. 
Trlis is a brittle forr:tation {,lJ1Us on tllin accour:t, suffered considerQ.ble ~rac­
tu.r:tnZ during the time of dofor,,:~tion .",:leile the Eilltop block \,:0.3 being squeezed 
ar;,d tilted into its present. position.. Thus there are many cross fractures 
ru..."1.tllne from one VIall to the othel", U~ut:lly diogon:?lly and dyi~g out as a rule 
upon reaching the limi,,:stonos on eithor sidco Veins 11"".v(3 been fm.~l!led in these 
fractures. These mineralization relatioi.1$ will be discusl3ed u21d.er a different 
head. 

(ev 'rhe 101':G1" ?c:nnsylv:mis.n Variable Beds 
( '" • ') ( T 1"' 1"l n.CO, :l-n p~:rt, ,l..~O:7e!'· .:~j:~CO) 

Belm7 t he Hilltop 'ruartzite 02"1 tb.8 east side of tho crest of the 
ridge, is a great ser:'.es of !i'iUcL thinnsi"' :!':Jdded bluish and grnyish t;hite 1i:1e­
stones and lisy shales and. c:c:'stnl1ir).o lir."i(~3tol·16S f..nd sj.lieified and ailies.ted 
bods, v;itl1 occasi()nal thin l.!!~rer:3 of D8.ndstOI'16 and S~11dy shale especially in the ~ 

npper portion. The uppermost :ner.:tm' .5.s even noccYihl.l.t rO .:dish in color, being 
ir..fluenced by the ml~e condit.i::i:l!3 th,::.t bave givon the red sh9.ly portion of the 
Hilltop quartzite o 81~t bcmcath that, in thoS8 portions cf t he ground wh~re 
the.l'o is not too r1uch rl':etnf:lo:rphic r:!.oJif:'ca.tion, the li:;;e:::;to!l8s are blue and 
more or less :f'ossiliferous and are interbe,12ed Wit!l thin sandy layers. Scmc of 
these sundy layers are rroninent enough to s.ttrnct atte.rltion at a fev: places. 
At le!lst three or four such Inyers c ,m be seen on the ridge and to the east of 
tl:e crest in the v'icinit:T of tl:G Db.cksmith Shop Tunnel s.nd along the trail 
leading northward Hardluck. 

80:''1$ of theso beds are stUl Dore stro:1g1y developed to the south 
along the ridge through the Hilltop prop:Jrty to'Nard the Eilltop EJdension gr_oll..."ld 
on the Wbale group. On the TI'ha10 l:!Ont of' the v;ork has been done on one of these 
interbedded sandstones'or quartzitcn lying a consider::tble distance below the 
Hilltop quartzite proper. This rJar-ticula.r s andstone bed ~s not "lure tban 12' to 
15' thick, or perhaps a ma.'dr:mm of 20', ~:.n.d the Hilltop quartzite propel:" lies 

/ ~ 
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possible vlith cortainty t.hat thG bed::. of this form beds lying 
ill"J:Jedistely above are perf:,;ct1y conformilt~.vC, but L, "'a1 '.KJ.y they are, 
although the difference in thickness of tho hec.vy chc~~'. ~Qns at different 
places indicates that tbei:"G is ut le~~s-t a c::i scomor:·;;itY:.r.:~,/~~-:"'~~~ive formation 
is the chief oneior:r:1ing the top of tho Hillt-or; ::-id;;c, b'J.t~.l~~ated 
directly .. "it.h a. bed of sandstcn30 that is novi, in P8.l't, transf!~1h._n..!~,~ .. ;O~l . 
qua.rtzite. "U;-,{J-"_o.) " 

... ~ ~~.Jf~'r . (d) The Hilltop C:.l3.rtzite ~-1.'~ 
The upper pv:l:'tion of this :3cndy bed is for t:19 r::.ost pal't ne!l.rly Cq: 

pu.::e qU2rtd te, but the 10,:0:' F(j:~tion io wUcl1 ;,'ln3r Grained and inclined to be ~ 
o113.1y or limy. J\. m[txir~1um t11icir .. ll(!SS of abo~lt 100 feet is eJr.J:o~)od irJ. places, but 
tl·:is is almost t~ri.ce a.s gl'"l13at tl'1ic:cc'l.GSS as shot-tId be credited to tha better 
quartzite qU:ll ity· of the f0~D:.0.tionl\l 

This is the fo:r-r~:a tion in rl::.icn tlost 01' the o::-e d.iscovered in the 
Hilltop ground. is found, and, 021 acem.mt of tis ir:lportanco in this connection, 
this fO!'mation will bc refoi'Tod to [~:J tb'3 Hilltop QU13.Ttz~te . 

It should be re!il::U~:cd., h01xG"J'e1"', th~t it is not evcrJ1'lhere a good 
quartzite 0 In some plucc8 the' binding L1i?teriul is larGcly carbonate. The 
lOTI or beds al"e d.ecidedly red in 00101' er-d much finer ~:.raine1 ,,;nerces the r::ajor 
portion of the f01"J1rltion is only ~31iZhtly color,,;d an1 is V'f;3ry granular. Along 
!l portion of the ri2ge this qU~3.rtzit·a fo::.. ... ms the crest, but for a. Great~l· pro­
portion of the length of the P::,~oF~:n·ty, the quartz::' te follm':s on the east side 
of' the Cl"est t:11ile tIle C11crty })r'OQ\lctu5 litrr2[;tone fO~DS the; crest. Jolt SOti9 

places, especially fel"' to tb.e sOlrth and nortll on the 11illtop Extension ground,. 
this qUal-tzi"ee is dH'ficul t to f0110'.''i because of the cove:::-i!:s of talus and soil. 
This is 0. brittle fQr;:'a.tion ,m.us on trlis accour:.t, suffered cODsidero.ble ~rac­
tUl~inZ during the ti80 of dei'ors.:::tion v:hile the Rilltop block WQ!3 being squeezed 
and tilted into its pres~mt position.. Thus there are many cross fractures 
rtu"1.!ling from one rIa 11 to the o the 1" , u;:;u::lly di:Jgon?lly and. dri~g out as a rule 
upon reaching the lirn,'Ostones on ait::'(:)r side.. Veins h:;.Y0 boen fCrl!;ed in these 
fractures. These m.ineralization relatioi.1s will be discus~ed und.er El different 
head. 

(ev The LOwer l'cnn;3ylv:~!'dG.n Variable Beds 
(l'.rGCO, i .n p~rt) (Lo~~er' r~J,::co) 

Belor; the Hilltop cllmrtzit3 02'1 tb.8 east side of the crest of the 
ridg.::;, is a grcat ser-:!.eS of lime!: thiYln81" :'::sdded bluish and gro.yish t;'hite liwe­
s~oncs and lby shnles anr,i ClJrstal.lil1-a li!'1(~stol'1eS i"'..nd. silieified and siliCs.ted 
bods, vlitrl occasi()nal thin. l~!~rcr:J of S8.r:dSto118 Dl1d sandy s11a1e especially in the ' 
upper portion. The uppermost .:::er.:tor is even SDECYihut ro _:dish in color, being 
influenced by tho sac::c condit.i:::rw th9.t have giv811 tho red. shnly portion of the 
Hilltop qUi1rt~dteQ 81~t bcmcuth that» in thosn portions of the ground where 
thcl'€ is not too nuch rr: e tnr.1orphic !2():~l:i.f:!.c.?'..tion, the lir::estones :.ire blue and 
more or less £·ossiliferous and ere interbedded witll thin sandy layers. Sc:-!c of 
t.hese sandy layers are rronincnt enough to sttrr.ct atten.tion ·3t a fey; places.· 
At least three or four such 1nyers c[m be seem on the ridge end to the east. of 
tl:e crest in the v'icinity of tl-:'G Dh.cksmith Shop ~\:.nne1 ~m.d along the trail 
1ead.ing .northward Hardluck. 

Some of these beds sre stHl Dora stro::1g1y developed to the south 
along the ridge through the IU11top pl"op<:)rty toward the Eilltop E:!ttension gr_o'Und 
on the m-oale group. On the Whale l;!Ont of the work has heen done on one of these 
interbedded sandstones' or qUrllqtz!tcn lying a com:'Jidernble distance below the 
Hilltop quartzite proper. This particular s e.ndstone bed is not mure tban 12' to 
15 1 thick, or perha.ps a :rluxirmm of 20', emd the Hilltop qua.rtzite proper lies 

/ 



c l-" ~'\.' 

-14-

much farther up on the side of th8 ridge. It ap'pcars that most of the work done 
on that ground was in the v:lcinity of' this smullcT qqui·tzite layer in the 
appa!·eTJ.t, belief that this '!flD. S t!lH t1:--t:e I~illtop quartzite., It i .ss hcv;ever, 
clearly on on0 ot' tho ot}u~r hc :ls, int.er-stratified "lith tho undar lying lL:stone~ 
The relations oi.' these sar:a8tone 1::::'<01'3 to the liracstono and. to the Hilltop 
quartzite is indicated cn the 3cdomps.nying skotch. This series of cO);1p:lrative1y 
thin bedded limnstone and ~hsly lir::estone and f!luch r::ctamor:;hosec1 beds is 
developed to a great thicknos3 9 As ono passGs dOTIn in the sories, the beds are 
r.ilorc and morc IT:()dified. or r::etB..mOr-phOs8d n!~d tJ.~ej.r i·o~sil content "is alr:ost 
comp1e+c"'L'r a.'''''''+'''o'~ '''·d i-T."'re ~'''1d ""-j-,e"'''' ho",'"",r"'r to +;.,.;,., h",.·~ c",·,·,~-', C'; eU-Cf' l,., .... ~A J,..; .... _ v .. .; ~\4V"" '01~ 0 ~."J (,.t • .l._ 'w __ .i.~, ... P\,;;Oij'V , t,...o. ""' .. .:. ........ 4 t....r<.,.; ..... ./;, ~ ....... ~..;I .. 1 ~-o.J 

£'ossils and such resi5tc~t typeD th.o.t trley" SGr'vo as horizon r.'1.~rl(e~s tr~oug:tout 
tl16 property. 'I111US there are t,YlO -\ler~r prOnOtl11cad cupcoral beds and t~\:·o or thre·c 
very pronour!ced. giant Fusu1ina beds" The coral b~ds in pnrticu1ar, even in 
badly defor:ned spots, can be recognised ,-;ithout much difficulty. 'Th,;) lo';:est one 
of tl1cse lies far do-;;:n 011 tl1C sid~3 of" the l-"ic1gc and crC90CS tl1C trail bet'-·~G0n 
tbe t-i;'O 107;(31"' tunnel port<lls of the Hilltop v;orkings. Trc.ces of similar fossil 
content il~ the rocks are obSG1·vod. to stHl lm~er horizons, but for the :!ost 
pal"'t the 10'wor beds 5.1"e too much rt:8ta::lorpllosed to preserve the fossils. HOrl 

thick this series is, it is =ost difficult to deterwine becauso of the distortion 
of the ground by the cro,:din::; to 1.,h:kh it has been subjected, SOili0 of it being 
overturned. But pl~obably a.t least 2000 feet balai? the Hill top qu.a.rtzi to s:::ou1d 
be included with this for:.1ation forning the lOWer formation of the Pe:r..nsylva..· .. lian. 
It is doubtless in p~~t equiv~lent. to the Naco 1ucstons of Bisbee. 

Belew these horizons detel'!ain~:t::'cns of age relations and separation into 
identifiable forl!:r..tions i~ r:lUch incree.sed, but in places enough similarity to 
the formations de scribed in the Bisbee district can be detected to 'iia.rrent 
contir .. uing the goologic colu:u1 as is indicated below. 

3. Mississippian Beds , 
Cri.>loid.al Seds (Es cabros<l Lil~!estone) 

Tho b~d3 lybg next belo,,:'! m.~G ~,;;ore massive and in plo.ces are extre:::ely 
crystalline and evid~ntly formerly very fossiliferous. Wherever the b·:!d.s ~re 
not too badly ~etamorpho8ed, traces of crinoidal make-up afe abundant, SODe beds 
apparently beine wade up of crinoidalt fraG~ents entiroly. Such bods alte~ate 
with 'nore or les3 m.;:;.ssiv,a coarsely crystalline and bluish or gr..ay beds e These 
alterations m~e :repeated a great number of ti:i185, but their variability of b.aoit 
and of motamorphis::l r1.::.ke it part:1.culal" difficult to trace their b01.:.ndo..ries. 
These beCO!:l8 even nore Ob:3CU2'C a.nd indef:1..ni to as one passes dor!!1 in the series. 
It is judZc3d that all of these belong to the !."ississippio.n and prob::.bl;r co!'::es­
pond closely to the 3sca b:["o~;[t 151V'8flton3 of Bisbee. There is no way of d.eter­
!':lining tho exact lir:1its eit.her above or belo'!!. The \7hole is essentially a 
continuous series o.nd division into S09arate members oi' this kind is distinctly 
for convenience only. 

4. Devonian Beds 
}:eavy ·~_~nrblGs (?.:rf.~!'t:l.n li'orrr:atioll in part,) .. 

Khotber or not the Devonian 1::; exactl)7 repl"osented in this district 
0118 cannot tell. In Bisbee reGion the ~.5artin limestone is credited to this 
position e.nd on the b:13:1.8 of ottl1l'" si;;iilaritios, already noted, it mizht be 
expected thst thi3 forr::a.tion 'liould also be rapresentedhcre. It certainly ' 
cam1.ot be mapped se?s.rati~ly, and no importance should bo uttached to its separa­
tion or identification,' but that the fOrIi1at:lon is represented is reasonab1yycor­
tain. 

5. Siluxiau Beds 
There is no way of' determining v:hetb.er anything of this age is repre­

sented but the fact that tho beds appaar to be continuous and from the fact that 
there is no evidence at all of a hiatus, it is likely that at least a small 
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Drtlch farther up on the side of tho ridge. It appears that. most of the work done 
on that ground was in the v:lcin:1..ty of' this :3ma.llcT qt~ui·tzite layer in the 
apparent belief that this WD.S trw t,:"t:e Hilltop quartzite. It iG~ however, 
clearly on one of tho ot11er bc :ls, int.erstratified ,,;i th tho undor lying li: ~. ::;tone~ 

The relations of.' these SD.r:d8tone 18:701'3 to tb.c liracstono and to the Hilltop 
quartzite is indicated on the 3C!ZQ2p.3.ny:i..ng sketch. This series of comp:lratively 
thin bedded l:!.mnstone and ~~Y1ly lir:estone and much cetamorphosecl bods is 
developed to e grca.t thicknoss. As ono passGs aOTIn in the sories~ the beds are 
r.florc and moro lT~~dified. or r:ettlEl0r?hosad u!~d t,}.~ej. r i'o~sil content "is alr:ost 
completely destroyed q Here and there, n07.evor, e. thin bed c8.~·rioJ such la.!:,ze 
fossils and. such rosistc~t t~rpen th.o.t t.hey· ~Gr\ra as horizon r.l,:lr1-::ers tr.;.rougtout 
tb.e proper"ty. Tl1us there are t:VO -'v"'ery pronotl11cad cupcoral beds and t~l;'O or thre·a 
very pronou'::!ced giant Fusulina beds" The coral bed.s in pnrticular, even in 
badly defor:i.cd spots, can he r0cognised 1"ithout much difficulty. '1'h'3 lO'::est one 
of tl10se lies far dot':n en tl1'~ s:td!.9 of the 1~idg3 and crosses tl1c trail bet'~-i~~n 
the t7;o 10,,01" tunnel portnls aEtna Hilltop .... :ol·kings. Tr.'!ces of similar fossil 
content ii"l the rocks e.rG observed to still lm~er horizons, bu.t for the ~ost 
pal"'t the lOYIG!' beds 5.re too much r:3ta!:}orpllosed to preserve the fossils. ECrl 

thick this series i5, it is nost difficult to deterwine becauso of the distortion 
of the ground by the crm-:din[; to \'ihid, it has been subjected, some of it being 
overturned. But pl.·obab1y at least 2000 feet beloi7 the Hilltop quartzi to s:::ould 
be includ.ed with this for;~'at:i.on forDing the lower for::.ation of' the Per:nsylvanian. 
It is doubtless in PiO,rt e·:l.uiv9.1ent to the Naco limestone of Bisbee. 

Balew these horizons detel'raizlE,t :2.C!),S of age relations and separation into 
identifiable forrr:Cl.tiolls i~ .. mch incres.sed, but in places enough similarity to 
the formations de;::cribed in the BisbsG district can be detected to r:arrer:t 
cont.hming the g'301ogic colu:u1 as is indicated below. 

3. Mississippian Beds . 
Cri..rloidal Beds (Esc~bro5a Li::!cstone) 

The bcda lybg n8xt bc:lo,1 al~6 !';:ore massive and in plnces are extre:;;ely 
crystalline and evid01:tly. formerlY' very fossiliferous. 1:;horever the b-3G.S al"e 
not too badly ;:;etamorphosed, traces of crinoidal maIre-up afe nbundant, sor.:G beds 
e.ppare1':.tly beine wade up of crinoido.l t fr ,IJ.G\'.1ents entircly. Such beds 01 ter:-..ate 
with ",ore or less ffi?ssiv,e coarsely crystalline and bluish or gnuy beds. These 
alterations m~e re~Gated a great nunber of ti:J1es, but their variability of :!abit 
and of mckJnorphisI!', r1 .~ke it pnrt~_culal' difficult to trace their b01.:.nd.a.rics 5 

These bscar:::; even noro obscure and indcf':'i.ni te as one pas88s do?!n. in the series. 
It is judgc3d that all of thene belong to tho 5."ississippian and prob3.bly cor~·es­
pond closely to the Esca b~~Of;Ct 11 rr,0~ton3 of Bisbee. There is no ~'J[J.y of deter­
!:lining tho exact lir:'!i ts eit.her above or belo'[[. The \7hole is essentially a 
continuous series and division into SG9arate r:.embcrs of this kind is distinctly 
for convenience only. 

4. Devonian Beds 
}:eavy ·~_~nrblGs (::Iar-t:Ln l~orr:atiorl in part,) ~ 

KhetboT' or not the Devonial1 io exactly· repl"osented in this district 
0118 cannot tell. In Bisbee region the Martin limestone is credited to this 
posl.tion e.nd on the basis of ottGl"" si;nilm'itie,s, alrondy noted, it mizht be 
expected tnst thi3 forr::a.tion 'liould also be rapresentedhcre. It certainly · 
can[.ot. be mapped. se?s.rati~ly, and no importance should bo attached to its separa­
tion or identification; but that the fO!'Ii:l.atlon is represented is reason.abl~7cor­
tain. 

5. Siluxian Beds 
There is no way of determining v;hether anything of this age is repre­

sented but the fact that tho beds appaar to bo continuous and from the fact that 
there is no evidence at all of a hiatus, it is likely that at least a small 
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deve10pmant of thj.s age is present. . O~ 1\I~"'7b.... 
;~{? ~~»~-(-~~)j 

6. Ca::bro-Ol'dovici:.,m l'cds. Cq,:::~~ ~"'" 
(a) The 7apeGtry Li::J0stono (~·i.or:'c;o l:':::cston'3) z;..;IJs ~OA,t e;:.~", 
I""n +~"'0 bac ';:.., 0':> c~ "' .... ".: ,.. on ,. ~ ~ '.. '" <.1-,,,, '"' ""'<, J. '~ '" "'.: '1>,., ~ ,r.~ " .. :d/A~i 1 i+y J vl ... "' _..!..':: J.. .... 'J. ... 1.J-·.~..L_ · ... .. '1 ...... l .. & .. _ .. ..::0..1 ... -;.v ~ .. J,'" l,,! J U ~J.. .. ~ .--.;l.-~~t#tt:.(,..~- U 

of beds re;r(3Sente:l t:'kt Hill top there Se C:::13 to b.;; no considerable (f~i""'4{~t 
bcth tl10 Abrigo li;;,estcne 0': the :3:3:::'oe d.ist;.~ict a~:1 the Balsa G.uart:3~-U[~~(1? 
their equivalents 2.Y'C both !'GP!~e::: '2:1t : 0.) 7..:) 8. total t,hic:<'::-l i.~ss of eoo feet .~I\fO:~ ~ 
marc. ~ < 'y 

A th~'l b·3Jded VGl"'JP':;,cciiar type of b.:mded li;:<Gstone i8 developed to a 
thickna D8 of. per linp/$ thic"oO o.nd, QVq~'l ;fp1,u' h m ;.C).;rQ;l ;f.\:)@rt.. It $,;1 ii¢'J.'y v"'l:.'1t.1'bl~ o.nd. 
does not G:z:hibit the featur0s dGsc:cibecl equally ,~'ell though its Vihclo thickness 
but it l:abi tual1y gives a ribbon structura or 11 poculiaz-ly streak'3d e.ppearance 
and t'Jncn silicified, !lS it sonctim·es is,· it. 'weuthers out very unevenly along the 
different streaks. 'I'his e::'~fact 2:'; evidcntl:r due to selective silicification and 
subsequent differontial weathcl-:i.ngo 

This peculiar limest.one doubtless is the equivalent 
At the very base it is massive instead. of banded and at 
this character. 

(b) The Bolsa Quartzite. 

of the Abrigo of Bisbee. 
leant 200 feet is of 

Beneath this limestone lies G. qu::rtzito and cOJlglocerate from three 
to four hundred feet in thickne::lG. ?erhu?~; it. is variable in thic?.ness, but 

'it i .... so d"'fo~·mc..;) b-y ... te c"'o-" '''1""1 n <'~"C. ·;~""'z+ +1-. -';", c.a,·tcrn l,; "'b 0'" +'~e block .z..h"t w G .L t....... lJ.4 .1. h -..A, ___ 5 ..... ' . .:J ....... ~ .. -.:... v ...... _ .... ~ ...... lo.1 _........J,. v .!, -" \,. ¥j._ 

m,~a8U!"ernents are more or les3 1..U1C0rt2:h" At /Ghe bect exposure tbere is not much 
doubt of thickness of about. fOilr bunireCi fe8t... The bazal portion for e. fer. 
feet is conglo.me:l7a.tic withpebbleG tv;o or t!::~~ee inches in diumetcrn, but usually 
smalleT. The quartzite 5.s un:'.l8uully purG and. very obscu!"ely bedded. This is 
undoubtedly equival~,nt to the Dolsa Cl::ertzito of the Bisbee district. 

7. Pre-Cambrian beds. 
Pinal Schist 

Beneath an tmconfor :uity s epar ating the Bols.a. quartzite from everything 
olds·r, lies the complicated and very b2.dly :ne"Ca:norphosed. and little ox-posed 
Pina l Sch:!.st. It may be sO<'.m at two or- three plClces along the east side of 
'.Thite Tail Can'yon just beneath the Qt::.:::.rt zi t e. It is mad3 uo of (,u<lrtzose and. 

"" .. .. "1 

mic~ceous schists of co~plicutod compoBition and structLlTC, but apparently of 
origi.!>...al sedimentary or1gin9 modified by :-egional and perhaps even iJneous 
mctar:lorphi:zm having gone through a much more comples history than any of the 
forl'lUltio:n.s listed abov0 4 Although it is t l-",3 base;nent on which &11 of the others ­
were la.jet dmm and thereforo is the !n:)s t fundamental formation in the district, 
it is e.xposed ill St:Cl1 smull npots !l.nd is so i :n.sigllific.3nt, in tr.iC present 
geology of' the district, that. it c!m:)ot be i::::,pp6d at all and nGcds no further 
a.ttention. 

'.inis succession of formations with tbeir age relations and an attempt. to 
indicate the !!lost, characteristic mombers is figul'sd in c01unnnl form in the 
accompanying sketch on tho f'ollor;ing P!? f;c showing relative positions, thicknesses, 
and someti:aes of the quality oi'the rock. 

(B) Igneous Rocks 
f...lthough the varioty of ign(:o'~s :::-ocl~s in very grent indeed, in qun.lity 

-" . . . f' ~ ." . . J.' .... b 1 . ,... - f J·l·· .. ana. compos~t,J.on o· Ed . ..!. tne V8;r~ons 111:,;!'"!.ls:::ves, vhey 00)' G C ass::..! ::..cc:. or a . 
practical purposes much mOTe s:i. r..1ply by grouping them nccording to age. By tbis 
recthod the later flows and surfaccaccu~ulation3, represented by tbe tuffs and 
breccias of Tert.iary age, fall into t.he group, t'ihile the t:ii.1ch older i..'1tru3ives, 

" 
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development. of tl.ls age is present. O~~O ~:~ 
".l~ ~~~~1: 

6. Ca~bro-?l'dovici.3.n ;)';(~3. ,... Cq./'j;~~~tv,. 
(a) 'rna 7apeDtry L~:nestol1G ~!~or:LC;() li:::estouiJ) :o.;/~ ~01t (),l:-~ 
Ou the basis 01 c:.mp:..'.:d[;on ';,iti: G:'sbeo Cl!1d the Simil~~Si)'/~~lity 

of beds re;:rcssnted t::.t lIil1 top t,b:';):rD see:-,:;; to b~ no cO!ls1derable Cf~f'11'..;.1{~t 
beth tile Abrigo liI;',est.::,!1e ai.' the SiB00e c.i.sh~ict a~j the Balsa <iuartz.l~Lr,fi~~{~~ 
thc:ir equivalents arc both !'GP1'ese~rc?d> tD a tot~l t,hick~.('.:;ss of eoo f'3et "~J\!~~ ~ 
morc. ~ ' Cy 

A th~n bc(ided ·voryp:,3ccliar typa of b:a.~~ded lilrLcstone is developed to a 
t.hick~eDa of. fJ6t'ht1p~ tl'li;"O,:l c-n·J QVP~1. ;£'Q~1,l' hund:rq;i i\~Qt ~ !t iOl v¢'J.''j' vllt"1/ible and. 
does not e:.:hibi t the features dGSC1'ibecl equally well though its \:,hole thicKne3s 
but it habitually gives a ribbon structure or il peculia!'ly streaked e.ppearance 
and ~Jhen silicified, as it SOQctim'8S is,- it ~Neathers out very unev8nl~" along the 
different streaks. 'I'his e:tfect is evidently due to selective silicification and 
subsequent differontial , .... eathc:d.ng 0 

This peculiar lime.:s'C,one dc-ubtless is the equivalent of the Ao1"igo of Bisbee. 
At t.he very base it is l.'1lE!.ssiva insted. of banded and at lee.nt 200 feet is of 
this character. 

(b) The Balsa Quartzite. 
Beneath this limestone lies c. c:.us.rtzito and conglo;:.:erate from th.ree 

to four hundred feet in thickneSG~ Perb:ps it is variable in ttic?.!loss, but 
' it i .... so o.~ ''''r~Ol'!'!l'',.;j by' J..he c··"o~'!~';nN p~,. ,c~,~ /,; + .1'1 ... .;'" ",,,,<.·te~·n l~ ""},. 0'" +~e bloc1.- "'h<>t w C t,.\:,;I1,."i, v · _ '(~ .....c.- -"'5 .... ;;;.; ____ _ v o.J ...... ,.s..i.:J ...... ~.... _ ..... u J. v _. . ,n. I.J,L._ 

m,~a8Ul"ements are mOl1 8 or 1058 UllCOl't.a ~ i10 l,t. the bezt m~pcsure tbere is not much 
doubt of thickness of about. four hundred. fe8t~ 'I'he bazal portion for Eo fer. 
feet is conglomeratic with pobbles t-:;;o or th:..~ee inches in diameter£>, but usually 
smal1m-" The quartzite j .S unusually puro and. very obscurely bedded. 'I'bis is 
undoubtedly equivalent to the noisa Gll.2 r tz1.t8 of the Bisbee district. 

7. Pre-Cambrian beds. 
P;nal Schist 

Beneath an tmconfo:r;nity sopnratin3 the Bols.a quartzite .from every-cn:mg 
oldsI', lies the complicated and very bdly ~8tal:1orphosed. and little exposed 
PinG,}. Schist. It may be sc(:m at ttJO or three pl2ces along the east side of 
TIhite Tail Canyon just beneath tho qur..:rtzitee It is made up of qm:.rtzcse and 
miC8.CeOllS schists of conplicntGd conpo;J5.tion and structure, but apparently of 
original sedimentary ol'igin9 modified 1:7 j:e:~ional and perhaps even lEneous 
matarlOl~phism having gone thl'·ough a r~1uch more comples hintor'Y than any of the 
i"ormo.tions listed above. Alttough it is t l-,o basc!!lcnt on which all of the others ­
VIere lajd down and thereforo is tho !;:ost funda1l1ontal i'or::nation in the district t 

it is axposed ill st:C~l SrIiul1 ~pOt3 and is so iY1S i gIlific.:int, in trlc present 
geology of the district, that. it c!mr;ot be t':::\pp6d ut all and needs no fUrther 
attention. 

'i"his succeSSiOL'l of formations "Hi th theil" age reliitions and an attempt to 
indicate the mosJc characteristic mcmbers is figured L.'1 colunnal form h"l the 
accompanying sketch on tho follov;ing p!?[;C showing relative positions, thicknesses, 
and sometimes of the quality of the rock. 

(B) Igneous B.ocks 
f...1though the variot:! of ign,;: o'~s ::oclcs :ts ' very great indeed, in qU:11it:r 

end composition of all the various int::.·lls::.V0S, they !:lay bG classified. for all 
practical purposes much more s:i. r:1ply by grouping them according to age. By tbis 
ltBthod the l ater nows and surfacoeccur:..ciation3, repI'~sDnted by the tuffs and 
breccias of Tertiary age, fall into the g:-oup, \,\711110 the !:ouch older intrusives, 
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!.rut G:jf)lo!~'; c Colurm 

Present Erosion Epoch 

Tcrtisry· 
sge 

Volco.nic ?uffs 
lThyol:t te flo>;"s 
.ii.nd8~i te flov;s 

·-------Uncoz:for~ity and grs::it crozi?n pel .. iod----..:.- ----------~ ... ---

;~esozoic 

era 

~1~8 coo.rae · qu.~rt~ porpl13T~J' cli1.:o3 
Cray porptlyries of r:D.n~T varieties 
Blacl: I)orpllyrics 
The 't7rlite de~se quartz-i'elsitc porprtJ~ry 
Pesmatite d.i}.:es c-~.lttin$ t .ne Birdseye po~pl1yry 
The Birdseye porp'byry t~.nd :"'elated granite porph; .. rries 
The grani to;) (:nd. granodiorites of Jhus Ccn~ron 

-------Uncon:t~or;:!i ty--------

Permian (1) 

Peu.nsylvtlnian 

Upp~r 

Middle 

Lo~·er. 

;4ississippian 

Devonian (1) 

Silurian (-:) 

OrdOVician (?) 

Cambrian 

Probably the uppGrmost broi':n sandstone 
bo(13 ~:'elong l1tre. 
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('lory s~n.dy beds 
(Sa~·:l:t G.:"ob li!!lestone 
(Co~gloDeratic beds 

U:&.ssive blue cherty Productus 
( li.z~estone 
(The Hilltop Quartzite 
(~ootv .. all rockl1 fine textured rock 

(:l?o3siliforous blue limestone 
(Sh.aly lir.n.e st.onss in ter~c(lded 
(t1SSS:i.VG marbles interbedded 

("EncnhrosaR limestone of Bisbee 
Grinoidal coarse ~hite and 
blue ffie.:-bles 

A very thick seriBs of ~assive 
~rblos 

of uncertain correlation 

{Bnrtled c110rty' lirnestone 
( II A1:n'~lFoll of Bis boa) 
(iIa"sivo limestones 
(M:lS~ivs quartzite {'Bo1311!t of Bisbee 

-------Unconformity tlJld great "erosion r-criod -_ ... _--

Pre-Cambrian; The "Pinnl, SC!1ist" of the Oouthwest 

'. ', 

c ' 
,-..,. . - - 'i6 

Present Erosion Epoch 

age 
Volcan.ic 7uffs 
lThyol:l te f10-;;s 
lL!1c.o!3i te flol;'s 

-------Unconf 01":1:1 ty un::! eros ion ~pel"iod.----.:.---------':'-

!:~esozoic 

TI~8 co::,rse qu.~rt~ I)orpb.y·,ry· di1:ns 
era:; porph;tries of n8.n~r va~ieti8s 
Blacl: r)~.Yrpl1yries 
T:Cle ~rlito der.se quartz-.i~elsitc porphY'ry 
Pecm::tite di}:es c~.ltting t,h.e Birdseye p'o~pllyry 

The Birdseye ~orpr~J"ry t:.n\..l :"elated gra.nite porph;~iGs 
Trle grani to~ and. granodiorites of' J1'lUS Ccn:ron 

------Unconfor~ity-------------

Middle 

;Jississippian 

Devonian (1) 

Silurian (:) 

Ordovic1.an (?) 

Cat!lbrian 

Probably the uppGrJ'!Ost bra,in sandstone 
-bed::; belong here. 

(~ limGstoTle or 3isbee in pert) 
(Very sandy bods 
(Sa!l·:l:r G.!"ob lil'n ·~stone 
(Co~zloQeratic beds 

U~llssive blue cherty Productus 
( l~-::estone 
('fhe Hilltop quartzite 
~'Foot':;al1 l"'ock:1 fine textured rock 

( ,.. '1''''' , 1 1· . .l'QSSJ. J...!..crDU.s 0 ue lment,one 
(311a17 limo stonss in tcr~edded 
( t~ass 1.ve marbles interbedded 

( U~r~ nh~r) a Q a '~~e·nt~~~ o-... ~ ?Ilis'oee '!'--'·~,t .... (~ ... ;.J .... .. ...... , .... __ .:.....:.:.:> V".'Y _ 

CriLoida1 coarse ~hite and 
blue ffi~bles 

A very thick seriBs of ~assive 
~rblcs 

of UnC(11'tuin correlation 

(BUTl:led cllcrty· lirnestone 
( It Atl:r~c ('oll of Bis '00.'3) 
U\aGSiV8 limestones 
(irbSdV8 quartzite ('Bolsan of Bisbee 

-------Unconfo!'mity lll""ld great "erosion F-oriod ------

Pre-Cambrian, The nrina l Schist.'" of the ~O"\lthwest 

'. ;>~ '; 
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'~, .... · ,,';...17-

including tb~ Im~ge ciiori t9 ar!d gruni te nnd porph~~S TIell as the 
bmdreds of sm,allel' dikes and sills, :Inspite of' the~~ ... R~~~_sitiona1 
diffel~onces, fall into ai'!other group. The still Older.~~)['4&ks of 
pre-C::.t;].bric,l'l a~~e my well for;n '';~2ot~:er o ", The ;irst t ,:o of' ... ~~~~ ir:l.~ortance 
t07iard· tl.1'8 . "'8STI S ::d . north be:csu8e ~('~lGy 1 0l';:: ...... f!G boun:.lary of· l:,t~.~li:. ~.j.. ~.~, . ' .OCk' 
but. it io the second croup Farticul3.rly tha.t re'luircG d,8ta.iled at:i!~~ ~ ' use 
"f' th", r '·'1,,+·1r n or~ -!-h"'''·", '''''o''' 1' ·~ +0 +}1::> ",-I-7'''c'+': -''<:>' . "1 ·7"'+,,....l,a~,..~ '~ "r.rl "'J.~ ' ~ '''';_ .. _v .... · ' ............. lI.. v __ ~.....; ..... __ v~ .... J IJ .... ... ... c .... ' u_ ... ~ .. v .... ~ ... ~-l.. """'.,L.~ \J~.l. ~ L~ .... C:i:) -:--~.\o.i. u, .. ' . 
, • ... " • • • -. • ',,;,;d ' . ~ 
111 story,> 01. -::' i"d:? God :"S Gl1T,:l:r·1..1" sarles ;":.:rl (l tr.:8 o~e :1enOS:Lts. . i/..Q · . , 

• ! .... J ,",,' • .... " ... _ . ./P-, _ . 
1't: e cl1al'\'1 c;:erlS~:CS or ti:cse d.3..f1 e:l~ent groups arc gl V8n DeJ.OW. ~~~ 

. 1. Roccnt Flc)\78 nnd ~l~";f .~ . 

A great v:3.r"iety of rhyolites r:.~d other surface flow' types, including 
chiefl:{ rilyolit'2s -:.-:r:d andeoites , together vrith fragr[l.~ntn.l ulaterials in g!"eat 
cus.:·ltity in the f01'3 of V01C<:U1ic b:c:::cdan or t!1i'f 1,781'9 develored, judging from 
tl:eir st:perficial r:;latioDs ~ sO ~';iet~in~9 in tl1e :.rert,icrJ' j) t"o~" ~":1erly) dOl.lbtless 
they covered. much ::lore ter:d tory thal1 they do now beca"lse th8Jr 'r.'el.·o thrown out 
Oil tb.e top of t11e surface et tl~lat ti!!i.8 . Subsequ.nrit eros ion has stripped them 
off tho bigher ground g however" ClUU they do not appeo.r in this study or the 
Hilltop block st m:y pIneo except (i,round. the north end of the properties. Ii' 
the study ',,,;'el'e Gxtonded, ho;;ev2r, fa:-ther to tha 'i'i8st and to the couthv:est they 
would be enco~ntered on that side 8.1soo At the n~rtherly end this group is 
r0prcsen:ted by rtyolitas and tu.ffs c.hiefly andosites of very l19.ssive habit. 
The rhyolites [;nd tuffs '" lying to the north l L:lit surface exploration where they 
cover the older fO!"r1ations. Thus it happer.s that the [,;ecvi1le c1ai1.11 belonging 
to the Hilltop is in la1';;-:-3 pa1'-:' covered by these forrr.G.ticns. On the Hilltop 
Extension ground. Ida claim is o.lso 80:re tban half' covered and the i.<1'aud clai:n 
12 wholly covered by th~;>se deposits. 

2. Intl~sives of Intermediate Age 
This is tho nost import2.nt and corrrplex lot. It ir;cludes both large 

and ;:mall .; ~tl-llsives cutting the sedimcntaries of the Hill to!,) block and there­
fore certainl.? r~?:resent eor:lG age 8uoseqUt;nt to the Ca)~bol1ifero'J.s. There is 

. t: . 

no means of dete::r.l ining their age more accura:.:ely by study of this bloc~{ alone, 
and it is suffici~nt for 8,11 pu::.~poses or the present study si~Jply to refer to 
them as pO:Jt-Carboniferous. LC:ost of the coarse l.~rge granitic a.nd dioritic and 
syenit.ic m3.sses lybg to the south and to the east of the Hilltop block cert:?inl] 
bolong to this g:coup and I have no doubt zr.yseli' but that all of the granite of 
J11US carrJon has the sa~erelation. 

As f ar ,3.S the Hilltop hlock is concerned the most important member of 
this grOUt) is a n: f!.SS thc.t .projGcts into the bloc1~ from the fo-ast, 811c1 cuts a 
consider:-:t'ole Jist~mce into the basal beds in the vicinity 0::: the Hill top plant. 
It CrOS i3 G3 the :tend just bela'!: the pO'Ner house and occupies nea.rly the whole 
area helm? tl~e r03.Q to the east and along tho etwterly edge of t1:e block for e.t 
least a DEc.. Doubtless it is a closs1y related rep1'G3cntativ>3 that occur:.> muer: 
farther to the S O\l t};. in ~~:~ac1«(jJ"s tpssh a.nd on the I':Ial'lhattan grolUld \ib.ere a dark 
gray g:rano-diorite is encountered. 

This f:l("SS borderil1i.:: the east mar gin of the block in tho v,icinity of 
the EDltep plant, hOv"6vm', is distinctly porphyritic . Because of it> 00.culiar 
appearance, produc0d. b".f its l arge bluish quartz phe:r.ocrysts,'ll'e htlve called ,it 
the Birdooye porp:-yry. It is essentially a gr anite por]')hyry at this place, 
but abundant evid:.mce of con sidor able v:;!riability in texture F.(nd stl:'ucture CE. n 

be S0cn j,n it without . going Vta'J."";! far. It i s i tS0lf cut by two or t l".ree varieties 
of dikes, SCi;le of w~ich r..re similar to ~nd perhaps identical with t hose w;:':!ch 
also cu"t; the sedir::c;nts. But a very acid variety of binary granite pegm3.tite is 
comrr:on in this rock which has not boen observed elser;'here. It j s possible, 

.1. Recent Fl,g'\78 nnd r;;;i'fA '" 
A Great v~:..riety of rbyoli tes ar:(l other sllrfac(~ flQ~.?· types) including 

chieflJT rrlj-olit'2s ~!:d andeoites, togethor VJith fra.grnr~nt~.l nlaterials in great 
cuo.:itity in the fO"-~ili of volcanic br:::cdan or t'..1i'f 1;7(~re devolored, judging from 
tb.0ir st:parficial r~lation~3:> sO:':tet.i!:18 in t119 ;rertic:ry It :Fo~'~l";]erly) doubtless 
tb.ey covered m,uc:'1 ~10re tGri-..i t-Jry than tIley' do no':: beCc.tlse they' -v:e)."e thr0"17n out 
Oil tlle top of t11e surface at trlat ti!n8. Subseq~erit eros ion h.as strip~;ed them 
off the hi::;he!" gro;.,md) however" and they do not appear in this study of the 
E'illtop l)locl: ~t 8.1:y pl[~ce ~:(cept nround the north end of the properties. IT 
th0 study ri'.3l'e extended, no;;ov2:t', fa:-ther- to tho 'Nest and to the couth'r.est they 
vlould be enCo1;nt01~ed on that side also o At the n~).rtherly end this group is 
r0prCS6!1tec1 by rhyolites 8.Ild tuffs c-r~iefly andosit~es of very l19.ssive habit. 
The rhyolites and tuffs - lying to the north li,:lit surface exploration whore they 
cover the olc18r for~ations. Thus it happer..s that the [,;ecville claL:;1 belonging 
to the Hill top is in lal-s '3 part covered by these for:a:s.ticr..s. On the Hill top 
Extension ground. Id?. claim is also more than half" covered and the j}aud clai:n 
is v:-holly cO~Je:ced by tho'se dS!)Qsi ts ~ 

2. Intrusives of rn:"c.errned.iate J.\ge 
This is the nost iWI)ort2.nt and complex lot. It ir;cludes both large 

and small intl~Llsh-es cutting the sedimentarias of the Hill to!') block and there­
fore certainl::r r~present Game age subsequent to the Ca)~bol1iferous. There is 
no means of det0:~r~inin6 their age more accUJ ... a~~ely by study of this bloc:.: alone, 
and it is suffici0nt for all Pu!~poses of the present study si~Jply to rofer to 
them tiS pont-Carboniferous. t":ost of the coarse l.~rge grnni tic and dioritic and 
sy-eni tic ms.sses lyi~g to the south and to the east of the Hilltop block cert~dnl] 
belong to this g:coup and I have no doubt rr.yself but that all of the granite of 
Jhus c3.nyol'l has the same relation. 

As f e.r ·s'S the Hill top block is concel~ned the most important member of 
this group is Ii n:flS S thc.tprojGcts into the block from the ~aG'~ and cuts a 
cOl'lsider.qble Jist~mce ir..to tiw base.l beds in the vicinity 0::: tho Hill top plant. 
It crosr.~ (3S the ~cnd j1.1St belo".!: the pO'!Ner house and occupies nearly t11G -;;hole 
area bolo'i7 tl~e rOG-a to the east and along the eHc.;terly edge of the block for e.t 
least a. Dilc o Dot;,ttle_2s it is a clossly rela~te·:i re~l·esentati~v~ tr~at OCC11r~ mucr~ 

rarthel~ to t11c 8 0"J.tt·, in fZac1('8~?·S !i~:.!ssh a.nd on the LIal1.hattan ground \:llere a dark 
gray g~all0-diorita is e~'lcouriter.ed. 

This [;i,f,SS bordering the east ms.r gin of the block in the vicini t:r of 
the Hjnto!~ plant, hov.'Gver, is distinctly· porphyritic. Because of it; 0\:'culiar 
a:ppearancc, pl-'oduC0d bj# its large bll.lish quartz phenocrys_t.s, '~~re hG.;re calleo . . it 
the BirdDoye pcrp: yry. It i.s essentially a. granite porphyry at this place, 
but abunden-t evici::mce of considerable vr.'lriabili ty in texture .'lnd structure c.sn 
be S08n j:n it \'Jithou'e"going va?;! far. It is itself cut by two or three varieties 
of dik05, scr;;'e of wt ich txe similar to ~nd perhaps identical with those w:,ich 
elsa cu·c the se<ii2c;nt.s. But a v-ery acid vc:1'iety of binary granite pegm3.tite is 
comrr:on in this roc!{ which has not been obser-ved elset:here. It j s possible, 
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hOtlC1/er-, that these also:> .arc closely- rol::.t ~3 ·1 to 
white porphyry dikes ,:hich do cut, t i,e se:3.i~·.or~ts 

later .. 

. .. .. ul- -'.; :' 
the ver;:' ac~d ana. 'Very pee 2I1r .. [ 
end which will be referred to (. 

A ve~y 1.3.rg8 an(l CO !'~: plex ar·:;:: !)t irttr-ilSi-vQ rocl~ occurs beyond the 
lirni tsaf tl:8 ].i!'opertY:1 t. ,)~iT2.rd t11::: S0~_ ~t}1? j.n .Jl1\.:3 Co.!lyon. There is no doubt 

.- ... . 1' 

in m:ir r!!ic(l 'but. that this CCCU-1~Gnco i::! also Gnr:r;ect.od both in CigO and in sou.rce · 
~~ itl1 the others, an~i hnn the f):lL::~ gcI:0::. ... al ;::i .:::;~1:li""ic:J.nce ctr:d jr;1'~luence tis has tIle' 
Dirdacjt-o porpb3~ln;t, trlr r:Y7:ing off di~':8S ~i:d ct~\J, sin.g Elct(!morph:~zfJ. n~~d al.so mor3 Qr 
less mincTaliz2tliono Li.ttl(~ oP·~ 8 1. .. t.u::~1~v:r :-~~f:.S PT'~30:nt3d fer r:~akinf~ eXl:;.";1j.l"l.r::.tinn 
0;.. ... the J1.:US CtznY'on roc1~~1, btl's st":.ffic;:\:;l:t y:~~; (lGne to pr(ftie that the':;· are ver;[ 
'\,1'ill"is.ble and l-1CJ.\/9 a vel"'~r CCi.~,r)18:-: rDl~ ~5 . (j l: o It i 3 11-;:/ b:':li0f that the a~)l.lndc.nt 
dikes 2nd intrusi are sheet:s a.s "; .. ~Gll u S ::l ':-:7Q :i.l~!:C; C'1J J.nr n~3.SGCS c l~tting into the 

'til ':; ~c":.lth are t'h.r-t1St cut f?o:~ then·s la.::t~~8 tJhus C .!:in:r~cn !S.[;;,sses. gro\.<n.d. fl~o~r: 

1\l'1ere Is on ~ ' ..... " ,.,.,1: r'I. i. 0 r':"""~ r"" "1 • ....... \.'"40 ~.~ - " ..; 1 ~ ~ w· ~ ..... t .. ,.,J .. ~·7,·' .~. ·- -!~~. t= "')"I"U ~ ('."':! - ....... ~- ~~" .. 0( -, iv~' -- C"I!"" v i .t:: ".~ ~ ... ...Lc;, ~l.t.:;;;,j, ..... '~;' . 0.4'~;':' _I....O. ... ~t...:/ ; ... · .. v ~I':.::'-"l .. v.~.;:j "t ! 'u '-'._i#.:;-..."L:4 4:".· ..... ~w r:; ... -...; ,"W 

and rftost of the dil:es iTl t.~1e IIil: t()~· blcc~-~ thG.rl. thGl~e . l .s batt-fecn tho llirrlsaye 
P01"pl};,r:y of t'he east Gir:ie a:cd tl: f3 d i~~':8 S of th~:) Ifill top groun.d. It is likel:l, 
therefore, it seer~s .. to tt18 , 'th.£!t t:1C ~ppe!" Jl:":..ta C:1:1jTOn musses ~:iy be a little 
later than the iJird0e:'le F;orphyz:~ p:-,o~)er 8.r:.d th~i~ l.!vst of' the pot~ph:rry ~like!3 
car~1e frem it, O~ fj"'o::1 the S{j~~8 l~OU?Se :::'3 it, r&t!:er th::?ln fr~~ the Birdse:re 
porrh~~y directly. 

SZls~ll int'~J. 8i"1CC ocelli-- [loS :::l~cS3 [:,1:1 s::eets or sills and also more 
irreg'J..l~r PJ:lS3eS $ Tlle:.r al'--t~ ~ ~ 'plac8s cr-;:~;:tGd. and fc~ul ted .a great deal sllowing 
thn.t they 'wel"e intruded bofol~::'~ t1: ~; dG ,~"o~~::.:ltio11 ~.~",1S cor:c11.~ded. The are also of 
sui"ficlcn"t,l;i dirf'cr~:::nt aze so thnt s ... ~z::c~ [!re E101-8 deformod. than others, and 
basi(lea. th.e:r cut e~~ch. otl':er 0 'The l:~r;c;::~ n-- ~. ;:-:bc~", ho-r;:e\~,er, ten:: t,O l:ollo·u ~ore 
or less tr'~e b8drlin:; f,tl~11cturc cr t}~e ~~8r:~G3 for long di,st.a~cc5, althougl,t t bey 
cut across rr!.t:1G:r fl~oel:r u~;.d irr .~;[{~l::r·l:r ulsc , gi,,:]lng a pGculiarly difficult 
COt:tl'a38 to foll£Yl1 r.!.:nd rnncr! UYlCert::.:~.r~ty ~~tout, tbeir form nncl pes:;: ble extent. 

Th~~ n-;ost import!!nt val1 :'et:ic5 c/f those s~al1cr- intrllsives arG t!~ese 
thl~ee: , 

( ) • ~ ~ ~ . • ,. • l' 1 C', . ., • d 1 . ~ a l~ ver~t aense, al!iJO~t r~~n 2"G6, {,;XCC"'~::tln:3 7 .i.lne 6!'u}n0Cl v~ory C.C:L OOK.Lng 
rod~ looking e.ln:ost like n c:t.l:l.C::fied I bClstanc . It iB always mt~ i;sive, h07o,,-er, 

r'l' t· . .' . .. ,. . , '. - . .\.' . . an\.4 l.n ·h:t,l1 s.at.!'·~io~~ ShO~~7S, 7,7:i., t.t'lOU t [;.':Il::" (~~:J.2G"C: .on \~,'rH3. t.o· .. rer, "that 1. u ~s ~n :lgneous 
rock of quartzporphyl"'Y typ96 Th~LS roc): :!.;~ ~;tr()Dgly dC·.T01oped as fD.r as observed, 
or>1 y in the nortb,c:sti port1.on of the g:'our:d, eldefly in the . belt repj;'csentcd by' 
Green 17r0daric~{ J .. , SurTiris~;, Le[.~d. J::ll1y til A var./ extraodin-al-y" lleaTJ cru·shed rock 
encountered at th'f:l ".":8st end line of :urck£. and ;;,nich can be followed ul:'t1ost 
"tit-hout break from the Ida cl~dm .::.ncl th:L4ougb cl,:tins eE 6, 03 7, I judge rGP"z­
sent::..; prec~, scly t:::e S ·~i!:1e thj .. ng ,\,,~~:1 ~~"e i t l lf~S bcau subjec'ced to deforr:lution by 
cruslling e~~Ol!gh. to ha"le lost n8.s:r··ly 2;11. of it.s usual appe~r2.nce. Insr;ection of' 
the fll·::!j-:: 7iill ~i"101JI th-~t the lar-g:: r:r.~.~s i~ ?-r·:-;d8l"ick J., ~s connscted with a sill' 
~v}"licll e.xtend3 to tho hart-b. frQTt~ tl"~2 c0:-:te~~ ot l;\l ... ·cdel·icl~ J., along the be~ding 
~~la!:(-:s of the roc:{, c!nd it :1_3 ,'{;(l l:. 1~15.;~i" tl~!J.·t this is dil"ectly conl:ectnd r.;i.th 
~n~ is the saD8 :r~2.~1g ns thf:' Gr1.1s 1:·Qc.~ rJc:~7 ~!'"Q.co~:1.!)lc through Ida alld CB 6 and. CB 
7. This. ~:hi tJ!~ qu::~rt2 r::orph~lry' i;> one of t i:0 nlder p.orphY17 intrllsicns of the 
sBl"'ies . .it is cut l)jt In.ter qLJ.:1! ' tZ· pOr-ph:fry oi~ cosrsel'"' type. It is I)oscible 
that this fine grained 1;[h:i te q~wr·tz [Ol"'phYTj in nori) or loss directly COTI...'16cted 

• .4" ... ... 1 • , 'i""f \.. ','.. .. ., ' ....J; ... 01 d·.... f' 
\11 un "CrLe [l.ela 'lll{CS 01 'c,ne i:nl~ '::!.SGye pCrp"jTY arl:18, cut .:.nere :ts no ::tree l. ;-roo_ 
of this relation" 

(b) CoarsE: qU1.lr'tz porphyry. A co:!t:;:;ratively co<'rt'se grainod quartz por-
}" ,,!~ ,..... ';: ... 1"'0 · 1r.- ; ~"' i~ CiT"'''''"?'">(d ;.L~ 1--.C'H .. "J'!n-~~ ....... o ~l '" . + i ... t .... · 0 C) ..... ~l ' P"J"Y oc .... u ... 3._,,0 _n lin ;.;t "'_ ·.)t • .;. ...".; " ': '~'';;'':-'"'' (lev" .olj:non" S J.n 1..,0 g,_r:~l~ . 

dj strlct r(":fHrred. to al)O-ile as occupied. b",r tCl{3 7;1~llta dense t :rne but it extends 
i ·' - • _n long !~trlr.:gcl·s and sills in the gen",:ral dil~Qction of the strike of the 
sccii ):!ente.l'Y b:1dc to the south ::md t~)' th~ 30uth08.St, so:ne of the indi".ridual sills 
being tractaablc !z.orc. O!I loss c~)nti!rUO~~151v f or se,tara.l thou~3.nd reat~ It is 
th~~s type that is encountered !rlODt pl'oiCi~1~ntly ill the prenent · workings of the 

",' 

hO'OJc'Ier, that tbese als ·J arc clc(w1:r rol:::.:,;;d to the very acid and very peculiar 
white porphyry dikes ,;l;ich do cut ti.:e se:ii~',o~ts end which will be referred to . ~;:. 
later. 

A very l::~rgG an,d c(H~:plex (lr·:: ~ : :)f intrusive ~ock occurs beyond the 
litni ts of the J,1ropertY:1 t~)~r.Jnrd th~; s:) ~.~th? j ,!l ~Jht~:; CD.::1yon. There is no doubt 
in ~Y' r::ind. tn..lt· that this CC~U.l~eD.C0 i::! also cnrlI!8ctcd both in age and ~n SOllrCe ' '. 

"~' i tll the others, and han the S[lC:3 gG!:e:. ... 2.1 ;:: i t:;:l:lric:1n';;>0 cir:d j Yi~luence as has t11.e" 
Dil'd3e~rC :rO:rph~"'l~t, t:nro7:ing off di.:·:cs r: r:. i c~l,rtsin.~ Elctc:mor~oh:i~!ll a~":.~1 also mora ' or 
less mincTali2.2-tiono Li.ttlc~ o;,~·r; ~ rt·(t1}1:i:.:r :-~·.c.s rn"'~3:.")ntGd fer !:;aking cxc.r:ri.l'lutinn 
of the J1:u.~ Ct~nY'on !'OC1:~3, Dll"S r.;t~rf.ic;:(';l."~t Y;~l~, done to pl"'(Pi0 that the-y' ar-e ve~J 
\:G.l'-iable and 11<1 \/ 8 8. vej,n~r CG;::.~)le:·~ :tDl~ ~i.o~:o It i3 n~,!l b ::: li0'!~ that the a~'lndant 
dikes ~n{i i:c:trusi ~r~ s~eets as i~~cll 2. ~ :i~'Z-0 i.l'.'r':;.Gi,i J.C1T- n:e..s~cs c t~tting into the 
gro~(;n::! fl~O!n the ;;ctlth arf.~ tl:r;).st cut f?o~ t::os·c la!"~3c cJhus C f::.n~"''On !S.r:lsses. 
t'P.~·"' .•. e_'r'e 1 .. <":\ o'n '~.'.;.~, :.\ t"v1 ~ r" '1 0. l'":'" ..... '"':"':~ 1- :.',,:'~ ("":'! ~ ~ .... ~ 1..--: ~~: -; --::- 1-"I")-l.p . ,~:\ .--:-. i.-: ~. ~~~ "'f")-i·'U. CO! r .. "";j -··YO-L· 'frI~': ""-:"ive ~~ C'lf~ _ __ .... ....... ..... 'I,~.J..I.:::;, ;';:'1. v_ ~_.', w ... ;.. . .!, -..c..;. .. _ OJ,] • ..J ......... ~l'_ ......... J... y . . ·oJ t ... ~ ..... '-..... , . .:i- ~. __ ~.,J. ~ .. V ~Io_ 

and ~(,)st of tho dileS's i11 t.~ ~ e II.ill to? blcc~~ th~~.ll thGl-"e . l .S between the Dirrlseys 
pOl"pb;/~~y of tile east Bi<:.ie ar:d tt:~3 d.i·~::Q S of th!.~ !filltop groun.d. It is likel y·, 
tllerefor'3, it seei2S t:.o tG8, tb ,~t t:1C ~ppe!" Jl:~t~ C:1:1jrOn masses m-sy be a little 
latar than tbe Birdze:y'e f>Ol-1lph~lr:~ p~o")c;~ c:cd thQ.t ~cst of' the pO'rph;rry dikes 
cat19 frcm it, or fr-o~;: "the SHl:iO eOlrtse ~s it, rr: t!::.er' th::;1.n fro~ the Birdseya 
porrh~TY directly. 

SL'!all intT"'~8i~lC~ OC-C!lli-- [:.8 ci~c'SJ ~!: '1 s::eets or sills B.!1d elso more 
irreg'Jl~r' r~3.S3eS e TrlC}" art; ~ 1'1 'plac2s cl'-:...~ ~}-: Gd and fc~ul ted a great deal sllowing 
t~nat t11sy 1VC1"S intruded b8tor:~': t}:~; 2G~"'ar~:.:l tioll ~.'=!~1G cor~cll~de~l. The are also of 
sui"ficicntl:.;r difi~crsnt a~~c so t hgt 5 ,-~ :~8 r'..ra E!O~"'e deformod. than others, and 
besid.0s· th.ey' cut e~!ch ot]':cr(l 7he; l~:r;c~~ ~tr: ~:bo:::·, ho-r;:ev'e~c, ten:: -C,a follow- ~ore 
or le~s the bcddin:; ~tl"11CtU:rC c-f the scr:lG3 fOT long di.st~nccs, r:..l thouglt tbey 
cU"'"G o.Cl"'038 r(.:t~j(~r f~'''oel:~t and irr ·~[.~;l::rl:t ul~3G, gi~ling a pGc:lli3rly diffict.ll t 
COtU~Ge t <) follo i7 nnd rnne:l UYiCert2.:~_.r:t:;r ~,sout their form ancl t')os3:-lble extent. 

'I~hc n:ost importv.nt val":'et:l c5 of' those s :nallcr intrllsives ara t!:ase 
. thl~ee: , . 

{ ) - . ~ !\ -;., .. , "J ~ . I p. . .... .. d 1 . ~ ,a l. ve~r aense, almof;t t:.=-n:t.:cG, cxcc:-j::'~l11~ y .L.lhe 6~n::.n~cl very CC:l. oOKing 
roc!{ lou]d.ng a1n:ost like, n s:i.l:lc:ified Ij :;lcstoTW.. It if.! always mtu::sive, ho?:c,ter, 
and in thi.tl s.nCt·i011 5110,,18, 7Jithcut en::," t~ :l e ~t:i_on ·1.1Fdlto",rer, ti'!st it is ~n igneous 
rock of quartzporphyi.."'Y t:l1:G~ 'Ibis r oc): :!.;-; ~;t!"Dngly d,p·~loped as fnr as observed, 
o!",1y in the northwc:st port5.on of the g::-0l:1:d, eld.efly in the, belt re~n'esentsd by 
Green 17 rodarick J., SurrjriZ)~~, lacrld. 1,i11y Q A 't,j--ar./ extraodirial-y' lleav:t crushed rock 
encountered nt tbe y;ost end line 'Jf =ur<Jl~£. and \'ibich can be followed almost 
without brea:~ from the Ida cl~dm o.z:.::l t~·r,-" ol.lgb cl;.;.iY;1S CB 6, C3 7, I judgo rGpre­
S8rrt3 nrec5 .. scly t~:e g ,}l!:1.e tnj.n!!, 1";:;~~·e it hr~3 beou sub-rec'ced .A(,o def·orwation c-,; 

.. ' ~. Col OW" 

crus!ling e~4oilgh to ha";-6 lost nE;2~cly L?~lJ of its llsual oppe~l"'ance. InSi)ectlan of 
the n1·:~:r~ ~iill ~1"1ot"l t h[J.t t}~o l a rge ::f.~. 3 ::; i~ l-'r '2:d~l"ick J., :l s connscted witcJ.. a sill' 
\\rhicll e:-~ten,d3 to the nortl'1 froT.J t]::<~ ce:·:tel" of' r~'l· ·cdel~icl~ J., along the be~ding 
1)1Q.~'~3 of the roc:-:~ c~nd it 1.2 r?(l t. !~l5.;=f tI·~Q.t this is di:r'ectly cora:ectod ~ .. ~:tth 
erd is t'rj ,,, s,n"'''' ""<'(.1<:; "c, th" ,-,'Y'1.1,·,1, '2 ':' ~':JC'" ';'~" C'~" " bl C .\- l'\"'bU"~ Ida and C3 6 and. C3 •. ....... ..... ................ . . . - .. ~ . "'-- .~ ... - . ... " . ... - ~ - . -. v _ __ ....." .... ..... v~...... 0...... .. 

7. This. r:h it!3 qu~{rt2 r~ orp·h:'l·ry· i5 one 01 t1:0 older .porphY17 intr~sicns of the 
s"n~ies. .i.t is cut by l::rte:c qU3.!·tz rO'rl)hy!"y of' coar::H~r type. It is possible 
that tb:ts fir:!) grained tt~h : tGP (Flaz~t z r 01"'pl'l.)'T7 if) !:lore or loss dil"ectly C01l.i."1-9cted 
wi th the acid ;likes of 'l:;he~l :il~dsf~'ye pc:rp\/ry area but there is no direct proof 
of this relation. 

(b) Coarse qUU1:"tz porphyry. l~ co :n~ ,:ra.tivGly coarse grainod quartz por­
{)'hjt7'Y occurs :llso in tl1is ZT·orrr.~d. Its hf: .~~J'~. G;st davelop:JKlnt is in tI10 ganel .... al . .. 
d:lstrlct rGf(~rred to nbove !iG occupi ed. c': th<::>. 7;hlte donse t~Tpe but :it extends 
• 4" J 

~n long strlr.:gcl's anJ 3il10 in the gen-2T3.1 diroction of the strike of the 
scdiJ::ental'Y bed.::; to the ·. !;H)uth and to' th~ 301.ltr.ea.st, SO!IlC of the indi".ridu!l.l sills 
being traceable r~:!)rc or loss c'mtirmo:'lsly for several thm.::.o:md reat.~ It is 
th~"s type that is encountered :nODt pro:nin~ntly in the present workings of the 
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.. #'~ __ v l i:J u.... .... I,J ~.;.,I..;J c....,... ........ t:~..).-.;,..o;,;. • .4 ~~.:. .. :: ...... v. ... ~I~ Gl. .. ~ •• L .~\" .. qq 1+00 "ro',':r;d T .. for"'-'''' "'..., " .... r""·l"', .:'",. ,...~<'" ~s-"''''n ~~j H'd"on 
in vcr..{ t1unJ plt:cZ? 3 on 3irtbd:3.~.r ~.~rld th ~~ncc t:~'..:.~. ~o1..~thcu~~t. It :ls also ) 
"::'1"": ~"'~+o;~ '~ " ( .,~ 1,.. ':'CIo("o • • ~:. .. !:)(~ '-r, '~ ~;."'!. ~':' .1. , :'""J f"1.r:;" ... ......rt .. ~ , j, -, .... .,... ';) ...... .c.. \:;·"C"'l<_ ..... "re~ 1"_ .;,.u.1.l- C ," d. l._",.~ 8 .. ,1 ... . _~l~. on t , ,,_ c........ ~. ..:. tn .. rldga u ••• 0 ..... 181" .... 1 
~'nd !:iil+",,,", <'nil (,lr't:<.p .." .,..,-1 "1,,,,, > .... '1 ·'t·, ,~ ~t 1~", ' "~lh...'!+ ~'" "t·,..~k~ '-1 I!... ". ___ uV '\ "- ""' '"' _ ' '';'''( ... . .. ~..., ~ ..... ...... J},._~ . , ... i) --- - .. ~ ..... ·e.~ a. " ~~il"- ... ,~,.;.;~l;p:'''' _~ a .. ..I • _ ", \'..a.n~ y 
'-.'"00(", ·-'u·, """?· po·,..",h-,.,...,r In ;t" .~'; f-' f·"l~..-"'t O(,C"l'rp i~""'''';.A..t....~'''~b~~ " Y' v"r:,.,bil·Hv ~;:.. \OJ ~:'lJ_ ... _'-" • •• i ... ~. _ ... _ ..... ~-- .......... ~J,. • .... _L ..... '-' ... lo-~ \Sf..i > ... .;. ~_.6.10.010 __ a&..iJ., 

in (?'::!G'.mt of d!J.rl~ c0nstituDr:t:-; ned. 0.0111::1:.10''-;3 so:.:e of I... "~ ~ ., o'iiing very 
l .tt-f·.l .'" 7' .... . "'(, ,.."",..t'7 ""i-·;ch 1 .. --,r.> '-'0"'" "'jl' ['>}' 1'" ~.,,, ~ ;",';>~,~,,~ ;"-?:?;'t'R-'~AI'"'' ::A-.sl"·~'Y'ly .;.... .... __ ..... _ ........ ., "1.~ ..... - v, ,.,;."10._ ..... r.;. ..... ~ __ .. -,J . _ :.,.o...., ... ~ _~/_~ ...... ~'4.J., ......... l.-~v ..... _1'Lt"y~v~Vr...lo. \ ",;,IJ .S4-1; 

v ., r~'; ,,'- 2" "-,e or" +~ .. ' ~.,,.,.. 0 +'h ~ ·, · ; t ,,[, t· ~ C' .~ « C~ ·' r··,,"" '1. r "e-fe'· .. · _..J t... "~c>i ~ t'q.£... ~ "' .. J' ... '" V ..... t;.J v.:,._ L.o-.,,;...u,t. V ... _ ... ". _4 __ ....) J.,.." v . . _ . . 1v __ .;....) _ .... ...!,. ... t ......... U ..,-m.~\J:.'u-:~ 

C•• " .... .:." pO,.. ,,\·; v~"rll -- '(J:r-_ "L. Z~ .u. ....... _ \"01_ ....... • ~.n,~! -,; • ~:o 'J"1~ 

i c\ .\11 of +~,e ot'ho·· ,· '~"'J' b:> ,..or ··-r·"'e(~ to ,..,s ·~o·,~r.i--T·i :>", O'~ r.i .... O~ ...... ~~'l."., \ J ,,_ V .. w .l.j. .';;) .. .... J....; ..., _ .. _'<.,.. ..... .. .. l . ' _: ........... _ .... ~ ~ j..J. .. 1. .... ~j/ ... .. ":",'( ,::., 

fj .... ;·'.·:V;7 ~ ... ~ ~,. .r· .... "o tl, 1'1"l ·l·n"l-t r .J !'"",O.,.... .. 'r"" ··~' ... '.1"l.,":'·r f'i-:- j r·<:· ·:- '. .. ,.'i ..... -¥ ..... ; ('\ ~ ~ ·r~ ..... .,.,.;! ~ .....,,· ~ .. ·1 -:· ... f-l .. t r ·~d·'! ,·~ c'l,."1aY''''c- . ~ ~ 
"'~';'\:,;J Je.. .... ;j .J..,J. ... ) '"'"l~u.... ,..J t·· "'lp·J·I ... } ,J' . .... - ...... _.~.J 1:::.J.c w .. .. ~ \.. .. ;.J. O""'~ ··04 ..... l .. u _ ..... _ ... I..~. o.-/.;4..J... ..... a. \.I ~~ ~~r""'" 

Y ~"lOC:.l. .:"} e~ ~~ ~ ~,1ll~"") ... ; C:.. t,"\ 4·Tf-~ ( .. h~7·;- ' ':\ .,.... ~ .... '} ... ?'>~: ..,~ .... ~ •. :..,f!". l~:",="","'~ -r.; T;~ ~ r:- ..t: .. ...;-n. r .... · .... " i .. --1~ ..r:.,....(""1 '-to n "', 
\,i .. : . ........... JU-'V we'-'c.).._ ..... oJ ~ .... !I 1",,,,, \.i ... \"'OIo ... · ~ ·cJ ... i,. ... I'""'v ... ·t/ .;:, .. d-...;.· ... ~ , ......... ~ c...:.. .. ... '..J~ ......... .:...v ... 1"" :, O~r41.J.J~ ~ ..... n '.,. . J._ eve 
to bE.s:11tic JJcrph.Y'r5~cs cf t. T,lG17 1:'r..lit2cl 0x:tent, that is, t:ley '.IT,-r;/ thr01..lgh 
alt~ost; t11(~ ¥~holc ranee l~rG!~ ~:::~:la to r,;·~~tLer b~ .... s::c t':/7>2:5; but tl:Gr e is no expcciul 
sigrli.f:.ce.nce in t~'i3t point~ rrL.c~.r sit.:r~ly :rf";pr~;:3~3nt i;~r~·:;ous i11tl'-'1J.sians corJing 
fr~)m a d:1ffcrent~l~ltirl.g m3.SS ~~C-:r:07J~le1''"C and. the p:l: .. ticl.tl8.r- qu2.1i ty or cC!:"lposi tion 

tr;.tlt they c::;hillitl' de?~~l:ds urGn tl~(~ diffarentiC4tion St3::C 0110 pn~tic'Lllar ccmy;osj.­
tional COlldi tion of the m·~i.b::;1~~ ~~ccci;Gd :..t th:~t pn.rtic!.11().~ tj.C1C o They · hn:t/C all 
been studied and ~;xam~necl :::ic:c· c)~~ cc;:~~i : . ·c;?ll:r:7 2nd dcncr'ip~icns ~ccomz:;ar:y tr-tia 
report as a: specia.l. .~ctl"c5r2T)hic c or:tr'j b~ltj. ~jn.? but g·eolosic.?..lly they all mean 
tb,Q s.s.me thing and should be t!"C3tCQ ns !l grOtlp. 

3. Olc}nr Igneou:3 Rnc}cs 
1110re dou1Jtle~:s are oIcta:· fo~r:};::t1orJs oft igneous cl"igin back in the 

prs-Cambri2.n but sufficient ,Y;'cT'k has not b::1er)· d0119 to throlTJ a.rry light 'on that 
proble!:! U11·d i t m3~y os th2..t thel"B is n0t Gu:",f:ci2:rt erc~md of that t:lPC exposed 
:i.n thr:; district to r:1~}~c a statc:l(:nt possil-;lC:1) 'Th.G·re i:; no proble!!1 hin3:ing on 
tl:at 11o::tntQt They c~~nrlot posnit;ly hO:~lO :: .. ny· boaring O~ t~'~ e geology of t:~,.:;. 

sedlment~ or tr~e ir mineralization" 

(c) t;etar:::or-phic Rocks 
U4.e. 1£1':0 t:!pes 01-' m0t~[::(}1"pr~is fl rtr"e rocc'Jgnisublc froCl the rocl~s of the 

distl"'ict, t."e. e icn~.~l.., and C () ntE~ct ~fjtamc:.:-phis:n. 3y !'egicrlr.!.l rtletaP'lorp11ism is 
meant trlcS8 €ffccts \~i'}licrl a.r'e }":·!,Qdu.{~r~d en a large scale by forces act:1.ng on all 
l:·ocl{s of a !~Geione Ey cont,3.ct :.:etD.rJ.orpnisr.: is rr.C!..1nt .1ccn.l :iodificaticn and it 
r::..ay be confinc·d to tl t·a efl"e,~ts induceci bJr the ignco~s rock pro:d~i ty. 

(1) ItogicnEll ~{etL\;-\lo~:"';.~hic :r;:~.f:~Gctso · 

·The SC!1"iOto~lC :;tru,ctw ... o of the Pi n.9.1 Scl't 5.st is of region,~.11 
~ .. ~.r"' ''·'l -r''-'l''·n -'~~H lo, "::'1' '--~-d~c. f'h ,;.. 4.t;(~~- ''''. ''''·~·';1·. ('"!~1.,,e.~'7-l't'l G" ,.., .:.. ~nA C""07;'j' ".-.;:, ~"'fect-.L4.1tJ ua, .. , ...... :J.ll. ...... J" ... ,.:C""Z c. .s._~_ .. , ...... ~. "" ... n~ ... "'I ... ...... \4~~ ..... ; <. ... 1 v .... :)n, .,,~"i'-...................... "Io. ... ;;; Ou."", ............ ....4 . J. .. ~ -."b e.. 5 

'ill the ove:rl:1 ing series of li;;1'esiJo:~cc and sht:..l~fs is also of ::- ·~~.·gionB.l origin. 
SUC}l cl-'ond.i .:ag und. dicto:r-tion tlndG~1.~.;ta (ily help V'Gr':-l rl11J.c11 in this ~:ind o.t.~ a 5Grj e~ 
in tri8 r':;l}~i:'ig of a cryntal1inc c·~)nd:. -l:,~. cn f:=.na in ti~e d~-:str:;ctior. of oino:-- struc-
tural fe:;;.t1.1re3 sue!: as b::.;~(iJ i~:l:Y -:'il;::l fOD;:; ·:lls. EecaUC0 01-' tb8 fact that ti"':ose 
blocl{s ~{e:te crowdc(l aga:inst ea(~h other i!il2.1 sl~ffer.6d a good deal of !..~p .. sbing and 
d,j~stol.~tion~ there is consi(5.er~:blo acco~ipan:/'ing 1!l0dificE.tion. 

(2·) Ccntact zictar::orph ism 
It is the cont~c't. efi'ects 9 I;ow6vm' , that are ;;:ost pronounced and 

important in this groun(l~ Igrlcol1s roc}{s Q!'C a~und.9.nte :rhe bloc}: j,s almost 
, d ' " b+'" . - 1 ~.,.,. . ,' . t .. . 

surrOULa~ cy anU. (IOU ~...Less . 15 ..La.r~~ .... :r u.nacr ..;.. tlJ. 11 OJ 19n5Ol.-:'s !'OckS 01 :i11" l'1.l-5:lVe 

r ·elat:l.on. Soms of these igrieounmrls:~cs prG})a~)ly fl':Jlped by their intt'usion, in 
tnc dis1ccation of" the bloc!\: iteelf' rmel it is doubtlens :-iJso tl"U() that SOl::e of 
these underlying rrwsscs were part.ljr fused while tliG blocks ,:,31'8 cro'nding one 
against the other .and reac!ti.n,g t!~o:Lr nC;'l positions of' rest. 'J,"'l!e larger ,ig~eou.s 

masses soem to have been ce.pablc of thrtlsting out grc:lt quantities of material 

~ ;-. .'~ 
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3. Olf1or Igneou;3 Rnc;:cs 
T110re dQu!::tle~~s are o].elor- fo~r~~:: tior:;s o:t igneous oriGin back in the 

pl~0-Camori2.n but sufficient y;o?'k has not b:c:en done to thro:;: a:ITY light on tbat 
problcnl and. it U!u)r be th2..t tbel"C 1s !lot sui."i'~icien-t grottnd of that t:rpc exposed 
in thr:; disf.::~ict to I'J~}::C a statc::I.cnt pOD8iDle~ Tb<~.!,c it) no prob10!n hin1ing on 
that r:o ~ .. nt. They C~;;Ih'1ot posn:bly hG'~lO r~ny· bo~ring O!l t7~e geology of t:;~~ 
sediment5 or tr1c ir nineralization(j 

(c) l',;ctar::orphic Rocks 
'r~~:o types of m0tc![::(}l"pr~is tl ar~e rocogr~i sab10 fron tho rocl~s Dr tte Lt~~ 

distl"'ict, re. f:~:i cn~.l, 1, 8.111 cnntE~~t ~f.fta~c:z-~hiz::l. 3;/" rcgicnC'!l rr~Gtarrlorp11i3m is 
meant trlc38 effects vi'}licrl C.1.re r'!,Qducr~d en :it large sca.le by forces acting on ell 
}:"oclts of a !~Qgion. !!y contact ::sto.:J.ol"phisr~: is r~C~1nt .1cc3.1 :iodificaticn and i.t 
'C:..ay be confined t·:) tli·a ei--l"ccts inducerl b;r the ignco;".s rock' pro:r~~i ty. 

( 1 ' -.I !tagional r~~et .t\ :--\lo:"';.:hic E~.r':'(~ cts o 
·1'11(3 sc:'riotos0 t3t~'C,ct~u.ro of the Pin,~3.1 ScI-t5.st is of region/:j.l 

. m0ta!:1()~phic nc:.tu:t'o. Liker:j.;:;e th,) d:'i;:1'~, or"tion; qUCGz1I;.g out, ,::nd. cro7iding effecis 
ill the o'Verl:' ing sel'ics of li;,;J/2:;t() :~cn ar~ti sht..l~;-s is also of !' ·~~·gionfil origin. 
Sue}. c;~o,"",", ~ ,~" pn1 Q-i"'t"'('+io'1 t't)··1.~' ·lh ·t·,"'dl~T h:.1n V'G"'Y "'1'Jel, ';n +h "'is k 4 n;:; Of' a. s"Y":ie<'! . • - .... ~ .~ . • -~ ~ .... 4_ _'-' ..... _ \,II ,I. .......... .o\,J ..... ., .......... __ ,.f .. ,\ .... -:t' .... -I~ ~, .. _ .. v _ .... J., ~ _. __ _ 

in the r':;~li~lllg of a cryntaJ.linc c·~)nd1. t~.on r.=.nd in t!~e d·::s'cr:.:ction of tlino~ str'Uc-

blocks ~{e:t\;; crowdc[l aga:inst eaeh o~d,her cil12 sl~ffcr.6d a good deal of :~·.?I-sbing and 
d.j~stol.~tion~ there is consi(5.~::;rt.~blo rlcco:Jpan:/i11g rn0d.ificE.tion. 

( 2·) Ccntact 11ctar:!orph ism 
It is the co nt£'l,ct, ei'i'Bcts, hOt'J8VO::", that are r;:ost pronounced and 

important in this grouncl. Igrlc811s rCH~l{s Qrc a~und.9.nte :rhe bloc}: j,s almost 
surroULd~d by and (loub~les8 . is lar~~l:r l.:.ndcrlaj.11 by ignsot:s !locks of l11tr1.151.Ve 
r ·elet:i.on. Soms of thc:~ e igri8()UnmrlG:~cs pro})ably l'l<;Jlped by their intt'~sion, in 
tee dislccntion of' the bloc!\: itg ~;lf' rm1 it is doubtl8ns :-iJso trUl) that sor;:e of 
these underlying rrWSSC$ were part-I;'!, fused ~;h ilc tliG blocks r:era cI"o'rtding one 
against the otiler .and reaC!li.n.g t!lo:: r i"10 W posi tiona of rest. 'fl:e larger igneou.s 
masses soem to have been cO!.pable of thrtlsting out grc:lt quantities of material , 

. :::~,'U~~;, J -,' .. 

~~:; '.~~: '~;:;~ . 
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in the form ~: dik,:s ~nd it 8pp~~.r3 ~so t}:~~ thf>§s ~<.-\O~ off COI'::o::;ponc1bgly , ',', 
large qU8.ntivl.Js or nnil~r n:o.t'ters 1n S011.it.lcn &iJ1~~4pr:cno'(,rating the beQS " ~, 
core intir:Krtal:r, C3.t:.sing intcrn:1.1 cbm;-;c both of stfl~_~&~CO;:-ipodticn, 
",,,",,"I i""1. +J.-c·r11'r'in("! ·~"' tt.0rq +.':-; .", T ~' r."'''''~~ "" ...... ~ (;".; "">11'" ,.,.-'~t.i"""'ly. · (_f)A t ! ~:A.'J.L l<Sy'l'< - •• - _'"' -'-'- '" --~ -~ ~ _ .. C>. _ •. '~ -" -'b--- '- .1 ~ ... -- .,'- \ra.IJ'l:!~ts<tJ: '()!:o 

Und.or th~se co~d~ti8ns vary str5J:5r.g and c} ) :irG.cterlsti<iSt£.~ciM,i{'fec:.;; 
were produced, som'~ of ,;,hiet cne :sees mol"'(: :ot:L'on,:,>;ly devBloped/;,.c:- r~1§.'r8t.~:,.fta 
referred to cfJrrJeniS'ntly under the follo"inL~ h~,; ::;.ds. '(S$ D lfy/ lr~~ 

i,,) t" ~"""""""'~~c''!''~('n +.~,~ r.v,1~ ':",~ 0 '''' ~: <1.,..-b,1~., .... ':'" 'ot'.!''''''' .... c.,...,...ct" il~'''' ~,~~...r+..-,",-~, \..... • ... I,;_J,._~u • ..l_ ...... tJ_.J , .... ... .;.0 .... l... ....... \.1. ...... 5 J.. .l ~ / \_~"" .Lv ... )_ C .- \.,__ ~J;:) .. ~. ~"1~ :r·J. tljj":Jt:::... .. R~ . ." r b ~ . , ... t 1 ' ~ ~ , b.... ,t,.,.,.. ~ . ',0 ~" 
Ot1.~ 0 · ... 8'-4.:3 t,n:lv ~~\:?re no ncar ..t..Y·· DO cr~rs-"~J..:LYj3 ·'~810rOG ':t,.rV;>--,,"':"~ ~. 

(b '\ c;'.L'l-·lC'f·;""7',;O"i" th'" -'''1r'-17''7 01" ~"'''''~''''''. t;·, -!-i-,,,,, '''oe'''' f1~()"'" t h (,> C-('r'c"1 c~;'; ""n<C''' I '-' _ - -""<..;. .... - ...... , .I ... 1~ '-'"" ......... L~..:.4,;-.) l.~t-<..~..;. '-'4..0 ...J v ... .. ;.;; J,. r.o _ I .n ........ .1_ """"_u .... _..... I{ 

of -t~\oo.i.GG e sol.ut,ions, ir2du!&a, ting t,}'lC bads, hnrj'::;71irlg tr~c;n, and ir.t plac·Gs cnti.r:;13'" 
replacing the original rock m::.te:r-isl by qU1:'..rtz~ 

() C r"'."''''(:!l- (,!;'I"'~~j .,...L...!! ..... r,-':~"t-ir< A("' ~! ... r ..... :"!l~ .. ~ ...... ~ f ,,"1\ ':' ,...~ ~~ "l C':l..f",":; ...,+ - b- ~ .C Ow}J.l ..... x O..J,...,.!.,._..L..t. .c-:. ... L.- ...... O! ... ..:.;. __ ~; l .. ~ v;.~Ol~.c ... .:._..!.. .... .L6 0 l.I:.J..rlo ... '.:k..,J.. .. >.J.. .1. ... c,_\JeiJ .,v ~ 
ch.ocical co:nbil}atio!1 of m;:-ttters deri"fICd £'1"0::1. t :he solutions tbat can:c fro1'i. tee 
igr190us roc.k \7ith portions o:f till€! Tock: mat,e.rie~ls therJselvos. Thus the lime ~.j 

I::D.gnenie. mld. alumin:l of certain beds cOt',bine w:ith silica and ~t"on and other 
constituents coming in solution at high tet'1perature and produce aggregates 0: 
enti:tely nel'; minf.::eais, includin;J diopsicle, tl~0molit9.9 zois1to, gar~:ot, etc., 
transfor~ir.q:; the l7h:)le TIl:\S;3 int~ a ::1~.~:!h llurder anfi m't:ch denser- .:2..n:l on the v:t:-le 
a vary different t~r;;e of thing· t"'l~O::l t;'"h.at i t ~7C1 t4 l)Dfor'o. 'i'his process does nc~ 
ususlljr destroy the beddj.ne or changD its position in nny vlay, and it deTlelcp-s 
most ret.,dily in. those oeds Y!hich \j el.~e originally e~sily penotrated by tl::e 801'.:­

tions in tllSl.r circ"'Jl~t :1cn {~n;:l escape t07[3.r·d the surfacs g and, in thoco be·js 
alse whose c ')mposi tion yielded more !'(w.dil:t to tho !:laking of new cOr.lpounds. 
A.;par~ntl:r those beds t71:.ic11 Y,'cre originally SOJ'l9o;;h::lt Dhaly in structu.!"e and. 
SOl'!lCWhHt alum1.nous and clayey :l.n corrrpos:i.tion, in audition m their lice cn.!'b·~:::.at-e 

contar.t, havc yielded. m:')st readily to this kind of r:lod5.fication, \'Ihareas vcry 
massive limestone beds v:ithout lL.l:ch structural poros:lty or bedding structure 
seem to hav~ rosisted the c::'rculat.:l O!l G.nd rC::1ain as bed.s of marble instec.d of 
bei~L1g transformt?,d into these ather !nctar:~ol"'priic prOd'llctS. 

In the Hill top and. Hill top l?xtension ground this kind of metamorphism is 
very extensively develo})ed.. :Its s·t1"ongest dev01op~'E):'lt, of cO".1r::e,. is in. the 
east side of the rid6c, 0:1P8C11;;.117 on t he 10'.lm1" tv-o-thirds of the slope in the 
lower 2000 feet of sb·sta. The r sorganizaticn of these beds and the introduc:.:.o::: 
of mineral ~:l2ttors is on &n if.1:~;enne sC8.1o c It l'lc.s l!l9.de SOi:.6 of' tha beds e:~tra­
ordinarily difficult to ","ork by i:;1(!rcns: ing ttl O hurill1GnS and. tough!1cSS of tne 
rock. It 11[13 also, as a rin.:.~l o:~rect, j1,':].de those :r;·articular beds even ·C:JrB d~::s~ 

and rc;dster.t to U"l8 c~LrculLti(m of' '.7r.'d:.cr und. to ponsible additional minera1iz.z.­
tion" i have no doubt l·ins. tever. but tr.a tall 0 ;[' th:i:s effect is contact meta!ncr;h:z 
in its n!tttU"8 d:;e to ig:lcQu:::; reIn tions and influence. 

, ~, ,.. l' .... , '1- t . . . J.' LI .,. t -, , . ~ -, .. ~ 
I.(.) ",:mera :l.Z3.lJlon. .In aGe::. lOtl,U COn'l .. ::tC·" eu:ec or pl'D(\-uCT.. ln '(,,;e !H .. l..!.-

top block i~; z!i.0tallic !:'.ins1"t11:1z&tion. Tl:oZ"e is some Elot :-; llic mineral dp'7elo:~':-z!:lt 
t=ri·tr! the sl.1ic ~Lt:'011 pr~.)(;ezsG:n (lcseT .ibecl in tt~ ·'S: pre\'-ious pr~raG:r.:lph D:'lt in tho;:~ 
b·ccls it is al~~.ost 1rhcll)T COI1.f.i:;J.cd ttl r'Yl-itn ~1J. .. ~1 onl~- rarcl::,t are t here Otl:3:t ;:;: ~c 
i::-~portt.!nt ;ninf~' riJ.lso lit va:r'icus p~Lfi..C 'ZS, h.OVi8VC:", in the se~cies of fOl"~~1ut~or_s 
~,;hore fl'D.ct'l!"OS were prOdllCG(i c,ft(~l'" rlof~t oi" tbe met.a ::io~~phi3l:1 juot de:::cribed hci 
been accomplinhed,there is ev:1.(kncG 01:' mets.ll:l.c mineralization :nora or less 
closely associated. with tbe developm<;mt of s:il:ics.tes of compIE:'x naturG~ T~lis 
indicates react.ion bc.t~-:eon tb.e ho"!;; SOl;'ltions 'V4~ t1ich camr;3 up .!l!ld 50~,C of the ~.~ter­

id. of tho adjacent "all 1"001,: as t1el1 ~i.S deposUion of metallic ninerals. 
'I'h1J.s there is 1."1 pleces, more or less ck;YelopmGnt of epidote and zoisite ~:i 

garnet and tromolite and chlorite £.nd other co:;;monly associated. silicates. 
tietal15.c minerals include !:l. lon~; list but the chief ones are sphalerite, py:-it~, 
galena., bOl'nite, end r.:olybdcnita (''t). It is v,:;!'y clear indeed tl:at the best 
developnonts of tho metalliferous minorals follm'{ woakness6's or actu.al fractures 
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, . ""-1; ... ~I\>?<O ' " : 
in the .form of dikes and it nppel:".rs also tr,<~t th~ ~'~ :'...cj0ff corro!lpondbgly :. ; 
I t:l,..'''''' Gu"'ntiv~',,,, of' ";T1il~~' 'fr.", ... +"',.. ... -1.,., "O"l"';'l'C"" [,\" ',,,,0...::'" J'n."·-'''' ~-+'f>"t~.,.·,.., the b~"' s ', ~ __ bow . .::J..; ""J..I,;.,; .... _ ,;;)_ ••• .:.:...1. u.o_t....v_.-.':) _ ..... Io.J .... ~J\J "L c~r:~':::J~~~JOh'·.""\":#"".:':'l. ..l .... 6 :::_ ;,. 

r::ore intieJately, c::t:.s~nf; jnte:-n~l cI::1.n:",:c both of ~,rtrV:tq§)~cil~co );iJ:·ositicn, ' ! 
"'-A i"'t- l' ~i ,.. .~rt+" .. ,. "'-10 .~ - ,' .""" ""~(-~""ll" -'~"i.,."'l . . {)el.yl~%:I1}?, /<'~... '1 ..... u 4_.l.0CU,-, n,,; "",,.: "~J.'" ,".,8,,- "OJ-a O"'_!S.l.'~M .1 ""._'w , _~·_Y \.-a.I.l • .';.~~ti<tl: I~ 

'U·,..,·l!">,!" th"se CO,.. ,:; , .. .:: ,,~,.. y."'''''-~ ,,!-',,-; ~ • .::T.'" "1~:; c\ " ,'r"' c+or'~ <~~~V...;>-,,;.rJ.~,,' .,~ C>~{""'C" ~ -
... "' ...... ..,... - ' ........... IV'""" v"' ... V ....... ,,; _"" __ ,~" __ "'~ - ...... - ' -"- "''- ...... - .... ...l.~tt.-~ -,l-"/1 ........ ""'-

were produced, so:n'J of ,;,;hict cne ::occs moro Gtl'on.:;ly devclop8d. ~ ?;P~/f5 ~..ee 
...... f"e·~ ... "d. to cr,~"p~'-i ""A+l~' U~4r.'·"" ... ~, c, p()l" 0'-"''' ,- '\.. __ r':; - ~S'<:- ~,(, (, D . .. I.:. ...... ~ .~ -' .... >J_ ... __ .... " ... v ... ·u ;. ... ~ .. :.;~ !,;A .... "....Io. _..1..\. ".J..')'':',-~ J.~ •• :.,; . .... .:;,;. t... ./) 117.~ I r~~ 

(a) ;/armoriz;"tion, the naking or r,;arblo a? co~rse!' crysb,lli."1G ~~~t:;~ 
. ,.. b' '4- t "I ' ~ ~ , .... ,t",... - , '" ~t.. ' " C'll't; 01 ·"eG.~ tn:lv ·tY\~re 110 nC8.!:~~;i no cr~tSva.1..J..l!jZ DOIOr-O o '~C',fV')., ~·.r~ · ~- · 

{ , t\., . 1 '~ ('! ,,,,,~ b; Silic:'f:lce.tion~ the adding of rn::.u::''tz to the l"ocZ: iror.l .. e CJrcu_a,-!;.::n~ ... 
of t~"'"~ose sol.utions, ind:n:-ating the beds, hardcYJ.il1g tr~er», and :lr~ plac-es cnt3..r::ly 
replacing the original rock m:iteri~l by qU(lrtz~ 

(c) C "",\r""·'~.1;·~ "I." .... .:;, ...... ~~jc,...l-~~o~.., ~~..,~, .... 1(" 4-,~ J~f'-'"" :1.j, ..... "'r ...... _ or- 'll' f'::r. ...... ..... #:., s-!l~I'\...,+e - b-r ~ 
. v .. ,u~ t:;.'\.. ~,..L..:..f,..;..L.t.. • -:".l..L.~ .::.... ':';'':'_'':~~!,J v;. ... ~,~·(;.. ... -c..~~."t). .r.. l.o~J.. .!.d.1.~U 'It..J. .!.."""' ..... v.::J ~ ~ 

cho!llcal co:noination of mrtttoT8 derived il~O,t1 the solutions th3t C2ii:O fro::n tte 
igllsouS rock \7i th po~tions o.-r the !'ncl:: !~a t,e-ric?l.ls the::Jsel vas. ThtlS the 1 ime ~d 
::agnesie a:ld elumin:l of- certain beds cor·~bir~e vrltl1 silica llii.U S-ron anci other 
constit.uents coming in solution at hiGh tenpei."ature and produce aggregates 0: 
entirely ne1';' minel~als, inclmling diopside, tremolit8$ zoisitc, gal::'~:ct, etc., 
transforning the 1'-7h:)le !l1:~ss int~ a :1~.;eh !l#;;1.r'del"" nnei much denser- ~n:l on tte I(ir::-le 
a vo.ry di.fferent t~;e or thin[; fro:! t;'"hat :i t \:.t~l~~ Ijofol"O~ ThiH process docs LO~ 
usualJ.y· destroy tho bedd5. ne or che~ngD its position in nny ~~ay, and it deTlelcp-s 
most rec.:dily in those oeds which V;G1.1G originally El3.sily penetrated by tte Gol::­
tions in tl1sir circul9.ticn c.nd escape to"aard the surface 11 and, in tho::;e beds 
also whose c'.)mposi tion yielded more rendHy to the J:laking of new COr.1;,oun:ls. 
A.;:part:!ntlJr those beds t"ir:icl'l y;ere orieinslly so:r:.e7:hat D'haly in structu.re and. 
somewhat alu!U5.nous and clayey 5.n cOfq:;oslt:i.onp in audition m their lice caro,:)r:at-e 
conter.t, have yielded. m:')st l~cad:l1y to this kind of modification, whareas very 
massive limestone beds v!ithout lD.:ch st:r'uctural poros:ity or bedding structure 
seem to have rosisted the circulat::l on G.l1d. re!nD.in as beds of marble instead of 
bsi:ng transfol'm-ad into thene ct·hor !'cctar:~ol~pliic p~Odl1CtS. 

In the Hill top and. Hill top E',x.tension groUl1d this kind of metamorphism is 
very extensively devBlo})ed~ Its strongest devolop~!e:1t, of cQ'l~:r$e,. is in the 
east side of the rid6c, f:3pscitdl7 on the lO'Jmr tv-o-thirds of the slope in the 
lower 2000 feet of st1-·at~. Th~ r eorganization of these beds and the introdu~:oz 
of mineral !~ttfors is on ~n if.1:~:enne scs.le 4 It 1133 ln9.de ;3or;:e of tha be.:ls extra­
ord:narily difficult to ';;'ork by increasing tho hnrd..."::I;':DS and toughness of tbe 
rock. It Il.!l.S also? as a :fi~~l effect, r.l~.de those r.'articul ar beds even 'i::)re d~!:s~ 
and re~;dst('!nt to the circuh,ti,)n of' wt:.:t.er und to ponsible additional mineral5.::~­
tiol'lo i h,;:>!e no doubt whatever. belt ttat all 0:[ th:i s effect is contact meta!nc!,;:h::z 
in its n!tttU"e d;;e to ig:1COU5 :reIn tions :::.nd influence. 

(d) i:!ineraliz3.tion. 1m add::. tional cont.~tct effect 01· product in the Hill­
top block is :G.0tallic ;'jin8::c;~liz8.t:i,on. T::.ore is some Elct:-; Jlic mineral d'~7elo=':: ::-.E!::t 
~[ i ·tt! tric si.lic :~t:'011 prct;e~S~S (lcscr.ibcd. in th·e p:r-c,tioU9 paragr.nph b~.lt in th()~s' 
b·sds it is [lll~~~OSt. 1rhcl1::r cOl1.fi;;:1od tr) r lY-.l'-itn and orti.~- rarely are thcx-e otc3r T:!: :--() 

i::-~portc.nt min~~·rills. lit vU2'icus P~Lfi. C '~S, b.o~7evol"', in tha se1:~ies of fOr;~18.t~or_s 
wh.ore rI'act~lrGS VIera prodllced. t(.ftE~l~ r1o~;t oi" t}~e meta::iol~phisl:1. juot de~ .. CTibed bci 
been accomplinhecl,thr:re is evi<icmcG 01:' r.l8ts.ll:'i.c mi.neralizat ion mora or less 
closely associated 'Nith tbo dovel,)pment of silicates of compl€'x naturG~ r:1is 
:lndic::lten !~eacti(;n bct7:eOl'1 tIle ho·t SOl1.1tions Y:hich camr~ up u!ld SOI;lO or the ~~s f.e:-­
iul of tho adjacent uall rock as m~ll 5.S deposHion of metallic ninorals. 

'l'h1;.s thero is in pl[;.cGs, morc or los~ dGyelopmr.mt of epidote and zoisite ~:i 
garnet and tromolite and chlorite ~]:nd ot:ler co:;:monly associated silicr.ites. 
Motal15,c minerals include !:l. 1011[; list but the chief ones are s~h1J.lerito, pr-'it~, 
galena, bOl'nite, end r.:olybdcnite (1). It is v"-,ry clear indeed tl-.at the best 
developmonts of the metalliferous minerals follow ticakness&s or actual fractu."t!s 
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~lhe!"e' the r~:.ne:r.;'1.l.iz1.ng SOl'ltio:ls ccr~ld ~;~C :~lrr3 oX" circulate nf~~cr !:"lost of the 
otller rilet~!"!1o ~rhi S ~;J f'.fC.~ accc~'p11 sho'~l. 'I'11~l.n is t:1 '3 reU30n, I judge, tl1~lt r:.os t of 

. th'3 01:'$ OCCUTencns lie aloI! .:;- thG c ;)m-GG of' t~tC Ii'lll t:-r'j q'J:::.rtzi to. This r.'3.S a 
brittle form s.tiun. It escaped ~~>;~:!?iC1..;.~1 !t':et.?.rdc t'ph5. f.S~1l i~ t~:e 0:J.l"<li3~ stngc~ 
b6catJ'S'3 or itf; ~\)3~~tion and its CO~1tp 8 TI :ltio?L. Lyj.::1,S a3 ::.t d~88 bc:t~/~:;t~:l ~lG~.:·:{ 
thick l~J';1esto::c ~c:!"!be!~s both al"J~vc i},Ti·d 'b(~lo~~'f, nc:it.her of ~;:~.ich ~::cTe so brittle, 
it ':;':15 n.:).tural th ~tt thi srock s110:.l1d fr~;.ct1.ir3 i.n tho latel" L::QVe ~:'.2nts 2..nd 
er .. ccuTtl,ge tl"'l lfi lin~ of et~c~!J::; fc~ so~nG of' t~1'~ soluti0na \·:.~l;ich V7GrO still conj ns 
f~ro r.t th ~~ 1":!1Ciel"tl:r ing s o't.rr"c(:;s 0 

()ther -,vc2.knCSSQD, hO\";G VG1", !lerO cn(l t:h 'G~;~ \,:,\~re a.l~o }nii~er.nliZGd }'!1 a 
s;i~'J:LlR,k'" l~nr~nGr' . l.'"}Yh;'5 ;1.t h:":o; Pt~n~ "'ttt :'\t on th;:" 11~~D,~1 r.;ill~' Q:tr;:t.~n t l"1q ::l jr~~:t.~tl.li~ed 
stl"':5.ng,91"'s t~i.~·~t h!t\"o 1"J17.:cn e}:plor~(l l~ ~') a.lcn :~~ t118 rn:i L~gins of pOrph3?Y d:ll:es. 
There 'were t he lir:s!J of 'r';~enl(n0s3 'J'7h(·ri,.~; c!12.n.~els for c:i#j.~c~.!l;;:.tion ~ore for:;Gd and 
there.fol~a it is th-'J~c plnc8s yrhero Dl:'.;joralization dc\~elopedv 

Likey·t :1.:Je in ::a~iy ot!lSr pl:1cBS 5ucil i~S t>~ o e~3tern n:nr-r;in of tho blocx "'Nhere 
copper nnd rlol;.;--b::teI1i t(~ C·~{"3!1 a~e ~)ometi:nes encou...~t0rcd r:.nd in 0 :.hcr place s vihera 
garnet and !\!::lgl";etite occur ori a 1.:lTgE.' scr:.le it i!3 al~~a~!s al~ng SO:1':; f1~z.k.:le;3Z 

v.~here thf: cj.;r-cul :J.tion of tl1G 1 ~.lt8r f5'3C3.pil1g soltlt:1ons cotlld pat;s at the time o:f 
mineralizationo On tho 'east.ern ;n~~g1!1 o.f the block the bOt1:!d~J.:rie3 of these 
r~inern1 stresJ:s are 110t clorirly QutlinGcl artd there is app~lr0r/G1y a larger- degree 
of rcr)lace~1ent and t:ra:nsfc· r~:;ati~jn of t:"!(3 i7:-ill roc1.:s perhaps d1tt.!e to t:19 hizr4er 
tertlp{::rat\1.re of' t11e solutions end pr·o~{iL'1j. ty to ths ~ource of t;upply v.:b.erc:ls hig}~ er 

in. the bloclc at vlscrys tht!t are nOYi' tho t8D of t Yle rld.[!e Cf!-:! esusciall~~ the west .. .. - ~ .... 
side of the ridge more clesr ent vo:l.ns dre t~"o ::.'u l e . 

In. the Hilltop tjuartzit·~~ itsslf th c:;. ... \~ :1.::1 a '1o'te T:'iJ'I' g:t8at ir::,"eg:ll~r:ty. So::e 
f .r"'h "'ii ' "r" "", 'l"'r:~!tl· .., v~.,.." c'1 ")~~~~t" f""'ll~~~~Y':t;" i'~;~e. ~·"t t"'J,~~ r.""' ('! ') o:-.• ~,: .-."~'"::.!')C" s:;. + o .... '},e.-C v ... e ~ .. _.ne_ .. ".l.- ~·_v O.z. .. . ~ ... J _EL . .1....,,.!... .. ~ _I.....I' ___ I...I • •• l. ... ' W ~ .... , ... -...Ja. ... vt. .. ..:..r!. ...... ,;,. •• _ .. ,-, l~~ .. ~ .... '..J. u_ ..... J. 

!}lac\~s tht~ minerali~~at1.on. is v:"?:'~~l irl'e(;tllar Cl1i.tl1.10Y 15.:{e r8;.~·l2ce:nerlt a~d 
penetration. These dif£el't t.::nt e.rfect~~ clspcnd on t.he condltic·!l 0:'-- t he sol;;.tions 
especially tele tcspor'at'u!#G ~t tl'1c tir:~-3 of cL0,,-oloT)?nerlt !It an~,r ra: .. ticl"~ ar point. 

This i~ the gi}!"),~!,al st2.t6:~l2nt of' the Gi::loralizo.tion hs.b:t a::d the D3.ture 
or trlc miner[~liz~t:lo~1. epoch q l}ut tho!'e is .0. D~.:ch later r:,odii'icc.tio!l of the ores 
accomplished b;! Y'Gc~ther:i.n~~ ~1.nd the d0t.:~n:;;;a:r'd circulation of l!l'Ote 'J!'ic Y'i0.ter-~ 
produced Si::1CG e1~osioi""1 has cU.t di)1~11 rir:.d ~:' ~\:p0s(~;,i ' tY~8SC orGS t 8 t ::e ··t-7c e:. ths!". Thase 
effects are all sccondo.ry ~nd. tho I,:r-c!1c:nt cO~ldi tion of th.e 01--,:;: d~por;its i~ So 

conditio,n thD.t depen(ts en bGtl'l sets of i~actcrs, t11c ol"'iginal m:i!:erc.lization and 
r(~cent wea t115!·il'1.g al tero.tiOl'1. 

II. St ruc7..uT',2.1 Detail. 
( ~) C~ft~ac~n~ O!~ thft ~qu'l+ P'n.~ ..:;.z. .. . .. 1_ .. ,;0 v .... _ ' .. .. ,1:;; .. ~ 1.1 .... ,· _ ...... c .. , .... . 
The Hilltop block cdrry:lng the th:i.ck series of s6di;;;cnts referred. to 

above is tilted. bG~l'~.ril·y ,to the '1~' ,SS t or to ·tbe scu.tl'rwest art.d th0 e :::.st cd~c is 
cro~i!cled eve::.-- ~vid~ntly ·bein·G ~::lshed. OVOT" b:r sor~e bloc1-: on trHlt !:idc) ~;~"1ich :. s 
nov; Y:)·1:.o11:t or ~l~:-Lost ~7hol1~T rcr~o'vc (1 0:7' c::--cE?ion4i In th.:: s crov.-dir.:; a:' ~a2:7 f ,laces, 
ar:d fo.r distances of i?ro:: OnJ3 to t -r;~'O tr~ott3:u'2d f\~ct, th :::~ c,ec:s $T"~ c:' tLcr til ted 
up on, ed£E~ 011 ere ent:1rf)J~y OVeT"ttlr'~~c~. .. '}"J1crS\t'8r they' r~rc 07c~:·urried tr:e crc·y;ding 
h 't . ,. .... ";'1 ' ,....., . ~ - . ,..., J. .;... • • ... [is !)cen oxcesr:::;.'v·(: ena '"' 1S' ,y·cal-~Q~e ct :) eG.~ nave cGO!1- sqUC8~BQ eu\:, 01 pO:J.!. ..,lon ana 
faultcrl :in a minor rYajr giving .:.},nd e}(c0ed~ncly' CO:r~3)1r:~x Etruct:.lre. L'1 s~ch r:laces. 
tbe bedding is orterl vcr:l Ol)SC1~rC 8n~i tl-:e dip ch:3.nges rapi dly fro;:! ~1ac6 to 

, " . , hI ' . . .,.. . 1. ,. • •• 1 1- ' . ... • p..:.. .-.;. ce tine. "V?nero".;er T .. ne OCK r~at..er"~. a _ 1..G r~':..lC.r: G!lcnrca. ~t~ or::.glr:."'..l ... f4n:Lv an~ 

foss:11 contont l'md other ch:lract(;n'isti os arB bed:,:{ destroYI2(:'. 
Tbe bods ere shoved over e nch Otl1Cl'" along the bcdding 'planen r;i th ltir.o.r 

stl"t'.1ct·ural rJ.!acg effects bet;'!,: '{~en. Such fal'!lt~. nG an asso:n~c~nies tr1is pnrtic~.lltir 
movement 1.5 of a t.hrust nature largely, ~O:JBt S.r'~i3B Cllmost p,;.rallo1 to tte bcdc1i:lg, . 
bu.t moet of them e.!'c l:Ot of much in:portance withi::1 the chief r.;i::1er~lhod. b0JtS. 
lilongthe east margin, hor-aver, j.u;'; hSte Tail C""nyon, f<1Ul t displacemonts of 

, - '.-/ ' 
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~he!'e the m:.neT."~l.iz:i:r.[: solutions CO'Jld E';Sc.'lp·a or circulate a.f~~cr .::lost of tbe 
other ru0t~3::210~rh:\ S~!l t_tc~ accc~plj SJ!Q~.l. 'I'l~i. f:i l.s t:1-3· rea30n, I judge, th:lt ~QS t of 

. t11e orB occurenCG3 lie aloI1Z trlG C~:'llr.SC of t!'tC H ·1.11t~ :.; qU3.rtzitciJ Thi s h3S El 
brittle form~tion. 
becau_se or it~ ~():3ition and its CC:1p8~:ltio!iQ I.yj._~g &3 ~. t doen b::t7j~:)t~.:1 ".lG:·:{ 

thicl{ ljJ'aestor~c mt·!~~be!.~s both al)~vc a11d }J{~lC~~~I, r.:.o:1.thcr of ~i:hich \~·c~e so brittle, 
it ':t:s n.~".tul~al th~tt this rock. s !;o"t,11.d fr~!ctl.ir3 i .n tto latel" r:Qve;~ents £..nd 
enccuro..ge thi~ lill~ of e,Bc~!;~,; fo~ somo of t.~19 501utilJno "\':,.·hicl1 t7aro still cor:rins 
i~ro r. l tfJ .-; e!1(~tJrl:-Ti?li~ sou:~C(::s ~ 

Other ~~aknosseD, hO~Gver, hera ana thO~8 ~ere al~o mi~crnlizod in a 
~i';';rilR\~ t~nr~nGr lt 4.-'h·d~i1 ;l_t h::.rprBn~ .J"h ~·\.!~ {;,n thfJ I·.r~;:o.d r.j;\ll~' g:tr:.~,ttl ..fthc: r:ljnr;!" tl.li~H~d 
string81--'s tl-l:-~t h!\"'v0 1";8cn e}:plor~(l l::~') slQn~~ th.8 rll!l1:"giY"~s of porph:;.:rr;t d:lkes. 
Thcr9 ~I~ere t he lir:e~ of 't\enk!'l0SS whe~~"'c~ ch~:r1."'l·31s for cij~cul·!:?tion ~~re for=ed and 
therofora it is th.~se plnces ~Thel'")8 i1t:'."f;ol~aliz·ation d.c\"':' ·~lop2d~ 

LL~tn!:1.~H.~ in ~-:a!1y ott-leI" pl::!c~s f::'UCfl r)..::. t~ .. ~o Cr!3tern r::ut-r;in of the bloc~{ "'Nhere 
copper nnd. nol~tbd.eni te c·r·8:: are ~;o rr:et i:!!es encotL~tercd ~nd in 0 :-!:er place s 'rihere 
garnet and t\1.agr~etite occur crl a Itlre~' sc[~10 it i!3 ul~va:/s along so~'2: w·~G.k.:le;~2i 
\~:tlere thor: ci~oul :~tio~ of t}·~B later '.5· SC~?iJ1g sol::ltions could. pans at the time o:f 
mineraliznt..iono On t!1C1€Jl£!st6T'11 ~:J.~gi~l of the bloc~: the b.Ot1:1d~lrie3 of t};.cse 
rr;inernl strea}:s are 110t clearly o't:rt,line(l a11d there is appur0nt1:y a lal"'Cc:- degree 
of roplace!;:ent and. tr:::'frsfc·rf!7uti()r1 of t:!C t73.l 1 raci(s perhaps dt!e to tb.9 hig11er 
teu1p(~rat\Jr8 oi" the sol'Ution~ and proxiL15.tyl' to th3 !:ource of ~upply v.:herc3.s higher 
in the bloc1<.: flt rlsc~s th~t are n(")i,~.' tho 'C<)p of t!.le r:1dge nn1 espGcially the west 
side of the ridge nore clc2 __ r (~tlt vej.ns ~rf~ . t~~.o !''''ule. 

In the Hilltop t1uart~i t-a i1)sGlf t}-;Cl~\~ is a ~..re:('\J i3T'8tlt ir:"e~l~r:' ty. SOwe 
~ J., 'Itt ., • <I.. . - ~ ~ .. ""1" ,.. ( ~ \, +"&'h 

Ci. \:. ~~~e ID2.ner:1. .. L-l zn G~on ycry cJ..e.!l~ l.zr r O.!.. -_C7:1.nC gHSr'1. VClrlS \ ;) ~~-::.::cr~e.!'1.S !! v 0 v.-er 

!)lac\~s tht~ r:ti!1er.;rli~·~at.1.on. is v~'::7 ir.l"er.;ulElr cl1i:mn.ey 15,:":e r8~:~·12ce:~ellt and 
_.L"l '" +~"')""'''''' ~ r;th-~-::1~ rl; f"·r' .. "\" ,~,+ -:.'\ ;·. I·--:Jr • .f..,_" ;A-T'\~ "!>"'d "'i J...~~ lr1t"-'li""" ';<-"?'" i".":~ t~·) e.. ~ 1'!. ~ J..': D'" .t.r ... ;;.,._eU.Lo.l"".-.o"... ol. ... _c_v u_...:..._c ..... .. ,n~ t .#.t..i.8 ..... tJ ..... (.. ..... J.tA ... :u. 0 .... t... .L~ .... CO.l.. ........... v .. ~u .. .1 v_ 'J~.~ _O .......... t..".l..O .. w 

especi.sl.ly the tes.pol"-~ltjlre .£!.t .. tl~c tir£.e ,of tlo\r81opIa;3z1t t:;.t any p~:~tic\li~ point. 
Tt .. is is the gn!1·~rnl st.,3..te~j18nt of t11e mi~crali~~G.tion h!:b:~.t s:ld the n2.ture 

of trle zineruliz~tio11 epoch4 l}ut there is 11 L1i..~ch later modificc.tiO!l of tbe ores 
c.ccomplistted by YZGfrther:i.ng and the d07;D.'7;ui.--d circula.tion of !!3.'~te·);ic \J0~te::G 
produced sirlc8 erosion has cU.t [\ ;:)'r:1"l rind eXl:0s(~ t.i· . t}-~ese or~~:) tQ t:~e ··'=.'7ce:.thel'. ~£hese 

effects are all socond,:lr~r '&n,i tho !)ri?~1e!1t cO~lclition 01'" the Ol ... ·~ d;;'.~..Io~its i:J So 
~ . . 

cond:itio.n thD.t dcpcn(is en bot11 sets of -ractors, the original !ni!:ercliz.uticn end 
r'.-~cent W6;;l thsril1.g a1 terG.tiOl'l • 

II.. St ructu;-·2.1 Detail. 
( Do)" Ch!1.l"'acter· of th._e ~"'a ul t Bloc~.~ . 
The Eilltop block c.:ll'ry:lng the thldc serif'/;; of s€dir;)cnts referred to 

abo'/e is t.ilted 1108:5.ri1.; -to the '1r:es t or to ·tte ~cu.t1"f~';e.st an.d tho e~st cc.;:e lS 
cro"r~vcled OVCi. ... cvi{lontly'boin.r; pusb.cd over c,:r sone bloc}: en that Gid8) !;~1i ch :s 
n07; lvho1.l;t or :11~:1ost "t\j'1:o11~r rcrJov'ed b:r c~osion.tl In tl'"lis crov,'din; ~-: ~a:c: 'plac~s, 
and fo.r dist:1!lces 01">\ :frc:;:l O!:G t.o ttj~·o tt'.01..lS ·~).11d f i3ct; th~~ 'bec:s ~1:-~ c:' t~:c:- til ted 
up O!1 ed£r:~ oy- ere entirf31y O-v'CT'tUl~-:'~ C(!... ~}~her'eV~;}r t/he~T f:J.rc Q7crturned tr.e cTc.'s ding 
h l . . , -101 ' -... '} - ." l J. • • ... ns ,)cen ex:c e~E:.trG enG. ~ 1e "ty·ea,t{(H;,ect !)(:!C!.:J nave ..:Joon. sqU88Z0Q out, 01 pos~ vlon ana. 
faulte rl in a !l1.inor rtUjr gi'ling ~:i.nd e;(coeu:'ne1y 
th'" b"do.1n~ .; S o;"tell vcr" ob""cl'~"o ;";1",q +j'e r'li,~ ,\,.. '-"# --"0'" .. .... ... ..,1 - ,-.- ........ ,...... v ... _ ,; ~ ~- ::~ 

CO::l91""x 13truct!l!'8. Lj sc;ch places 
ch::.nges rapidly fro;:} :Glace to 

plJlce tind i?herc'f.;er the block r~ate;~i.al is eruch ohcnrcd ite· ori.L!ir::..11 !:;:.bit a~d 
fvss:ll contont HonG other ch:1ractm-isti os arB bI;\cl:.y destroyed. 

Tl~e b8ds era shoved over encr~ cthcl--- aJ.ol1S the bcddingplunes r;ith n:ir.o.r : - f~:r. , ~ \. 
stl~!1ctl.lral a:reg effects bet;y{~en. S~.!ch fal11tinr: ~l3 asso:n~o..nies tr1is pn.rtiCtller 
movement i.s of a thrust nature: largely, EQ;2ctS.u~as Cllrnost pp .. rallel to tl:e bcdc1i:1g, . 
UJ.t roOf!t of them ere l:'Ot of lliu~h in:portance v,Hhin the ch~ef ::;ine:r~l:ze d. belts. 
Along the east r.mrgill, hOi;Syer, 5.n;';hSt,,; Ttl.il C.:myon, i\1Ul t displacements of ' 
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tbree or ,i'our h~lnd.~ed feet· !:i.c.y" b~ S ~:-C!: d:~te t:> t}:i:: cra:=::2ir:~ l-":rOtl the east. It 
is this ~-:i::ld c.r {lispJ. ::tc~:~~lei1t-, tL,:~t bT'~1'1 ·~3 q:_::?~rtz5.te into 'clucn on the llost Z?:1dc of 
t::c ('!r~G~{ il1 Y?11it·:: 1i3.i1 C J.~~tCrL, . /~1. { (~ ... / ·/.:. ·t __ 

C)th,cr v cr,,;/, fl,:1-r.. fall} t~ .r':111o·'f·:l:1g ~ll;_:c::.t 3.1'J!:~ th~ b(~(ldin~ t)ut c{cnerally 
cutti ':".~g r: t a f1 So ~~ ,s.:-;glc tb.l'-o:lg:-r the :,ede ,nCCllr th::-CU3:101Jt tho ;:ed.ii.i.~~ turf ser ~ es 
i~: this ~bloc!{. 'T~~(iz i,g beC~1tl!Je of th0 ·0:~~r "tr.:c b;;··:ln rte,Vc bear1 c::""cH-;dcd togetrler-. 
':'~G:TlG Qf: 'th J3: l.~.r~~~r o!'":~s e~c r:::::l l"'k:;,:,l en t,}~·3 a:r'c.aJ. 2:::'p. CliQ oflt t11e largo:;t of 
t::!~s~, nhich is VC~"r7>r ob;3eT~1:re in t tc fiolQ on th~) ~/: :·::2J..c C·ro~,l·rJ tcr:~:.lr: .. 1. tl~u so~.,~th ~nd 

~:f t11~; r~,,)p0rt:T. 

locality. 
It C:lts out s~r::2 of the bed.s c.bovc trlG IL1J .. 1 to:? qtHlrtzi te on one 

,:.\rH)th(.;.:~ o·ccura on :'~"10 xI:·.:"'} top ;-""t:-:t c.· n:7 :1 ;~n t:)'::"E.:.~d "tho r~(}T.· ··t,11 end en tl1 \~ ·EtlreY..,.a 
clai;~ e~d. nd.j rlcent rrrot~r.-il t;l}lO~O tt~8 Fill.top Q:1c.l't~i to i-lrtd a.::d.j':lcent beds are 
(.lis~J.l(:lccd and. fin~.il1y Cflt).rlOt b3 tr::.:cccl fUi .. t::.(!r Oil the S'J . .rfD.CO b;~ca:Jse of this 
c~~'r~-i.':.l i!lJ ove~· of t:·~9 h1.ghGr C;(Jd.8 ClloD[; tl"!.o serj, e~ of rathor' ftlat fctul ts. 

·.;s a r::~\ttel'" of faot nl.:1ps [;,111 rn~llt3 of th:~s t:rr)t-; are so L'C;.:c;rous tr .. !1t it 
is 1 :~;;oGs .ible to ~1.y) or to (~etcct all of· tbe;n 9.:1d no ·pnrt of the 1:i11 tor) ~lock 
is "entirely frs;e fro~1 slight d5..s:)1~:c ·8;i1entit 

fin the iJj~.st ~'1 ~lie of t.i~~ ~:1 (1 .. ;G tho bod.s 1i8 d~p::~in,'J f,1.~lc11 :'!lore \:rlifor::rJ.y to 
the ~Neot Elnd in SOr.1~ ple.ceg "3. 1"';"l-: ()19 Zi.~~r:"~ ·p of c:J7'2p:3ter!t lB.:rers has be·3n z;.o~ved 

bod.i.l~r tc·.r:~~~d t::.·e east 0\rcr:t;~d.:'r .. g ~;,n:i 1~7~ nf:r en top of b·3d~ that tho:.r ;;ould n,.)t 
no:-':rslly· co~,c in cnnt/;.ct v7it.h ·3.t ;lll$ ;rh~J.e ene: C0~:es tlncxpcctcdlj'" to for.m.?.tions 
that should 11$ stHl fr,rth'81' 0v:~r to t ::0 Vi'Gst. One of the best illustrlltior.s 
of ttlis cro,,;;c1in[;~ t.)'v'er OY! flat t1~~u:;;t r;lnY::~s ~lr.:()s·t T;:s.r:::·[~11cl to the boJdj r:L~ 
untj.l the I"CC }~S rid. ~;; fer- up an ot~~~·· !f;·~~·)(!:ts :lS to b ·8 seen en F'lorc:1Ce, F're~crick 

J., &111 G~'een. All of thes(; C:J. ~3c;3 :'::2 r)u itc o~zc1.!ro in t!-:c ficl·j bu.t thay' eros 

:1n keepi.;'1g 0'z3ct13' ~1_tJ1 t~10 dj~:: ;~ ~,·.5.c cC;l'1.ji tiOl'l.3 e:ffoct5:.tg th .. ; block. It O:lg:'l"t to 
be ~x:rect ·2d t~crc ';~iouJ.d b@ !':.':.lC!-; 2::.s:Jing und. co!nplicD.t.~1d. diBpln.ccments with occa­
sio!lal flat faul tD n~!1i"ly' ~ll of ;;:i(~ i~!h di·9 Ol;.t Y;~i tr~i.ll co;:~?nr2.ti·v-el~{ short dist£r!ces 

Occr£4s1,c:nn,11y' ~ £[:.:11 t 5..[:~ o~ 18.~:3:Yr i mpo'!--tal'lCe r:.r~d cuts tt~augh t1":c beds at 
11igh angle3$ ·The princ:l.pal C~'12S 1:)f th.f:rSS are :i!!d1c3tod on the e~ca.l m'ap. 'Aher-eVeT 
they 
IT.!snt 
q~l~rtz:l te 3cVG:~3..1 hi.lr: ·~!~-'ed foot I):: E-:dd.(";rl ?1~Q::..r:'..1::'~:3 nnc1 ;15..11 t~p clr.i::ls, b~l.t evan 
th:is, in-sp:i.to :)f tl~r? lt~:rge thTO'~7 o.f tl:e Hi2.1 top (!l!!lrt~j. tc by it dic~s out to sl!ch 
i!'1::i,Z11:Lt'icnnt p:~')~~o:r-t:lOn.~1 !)oth t o(";ta:'d t}:~:~ 7;~,:~~t n=":1 to\:~ a~:d. th0 e::~;;; t s5.de3 thr.t 
it in i1.n~o 13;) i~)lc on t:lf'~ Du~ .. :taCG to :;r:.p it to a cC:lsidf::r::ble t1:r;~ .;;.n c8~ -~· 'T·l1ere is 

• • .!r~ very J..j. ttlt~ a.:')ubt .. tr~at it flor::".:eH 5,nt~ ~i Dc: ~·i 8~ ·: of~ fl~t· ~C:.-;]J:tG (n~ the er.r;t side 
,in::ch ~woep r~10rG O~ .. lr!\;1G int:) linn ~f,' 1 trl tbo b~1dd,ing o.nd ul ti::f~t0 1:." 10s·a their 
identit:r en.t:~:r'CJ.y in t .hc S(~l~~:_ C~ of 2::1:1J. 1 sl:;::z t1 ·~ t.: t talca tha plcCG of it. I 

l .. nothe~ -

of t:~oso f2.'l11 t.: ~'1}L; . (!fl d.iSi)1r;.c:::~3 -:',hc pr:' ~ci;"nl r.1 :.n8ral belt sc:-- iOllsl? enough tr) 

s'hoV! F:rD~~:i,!~8nt.l:~" on t!H:: !:Yt.t~.facc ::'3 D1'1 Gr:!:.~ ~;:~~.~t.~~ .~~:~~;. ___ G.~ .. ~~ .. ~ elrnady' t-ef'Grr0d to "~' ·;l~ere. 
the qtla~t ·~1 t:3 ~.3 d:: sp·J.?;,c~~i.l ut 1(;:3. ~Jt t?:o h.tllldro(l f~)ot. ' .. , .. 

Occ ~.l sionA. lJ.y' a f3.ttl t :; s ~)~' l C'!~;~;0~ · ~.~:!p:Jr~:'~:.r:c~ s.,~d cut~ throl~ G:l-t tile b~~~d.3 c.t 

~n1e~C'!e~ t!:~Jj" cross i:..1:.0 con,)~"n.l t,ri)r~~: of -t}lG ridge the ~~(~ faults represent real 
displacement of cons· 5_c18:'~,ble ~ 7.t 13 onG of tte~::e tl:a t d=ls91~·~ccs the H.illtor' 
quartzite .scv(,r3.1 rL~.J.ri~3..red feet on !'f idd '~~)!l Tl'ons::ro. 

l'boBO fa:nl ts a,rG c!:collntcr~-·~l tl~:(1()r31~O)J.T!d. :?l~o ~:x'!d Gt'c:: even more ntl~Crous­
than the~,r appcnr t~ b·~'! on tr.E~ f>~.~rf~tce. {)tlt tl:e:t ;~l"C the sr.:. rJO t:v-pe including c~s~l 
off · set~ !!.cra!Jr:1 tIle strt7.ctu.re ['.s \rclJ. as T:!cl!l~'" crtl.~hc:t :?0TlCS J.nd acttlf.:.l d1 sr'l~ce­
""""n+" of' C01'~·~ r16\'"''11~1''' 1~.r .... 01' .. "' •. ,t. ",.' ... 0"_7 ... r·"c1... 1"1 "'· ... t"'~·· D' ""10'" """'; c"., CU+" .;.}.,.:. h",,:l ... ' ~+ . ... • >-4-_ ... ... 'wI.;;;.J _ .I ... J. .. ; .... ~ . II. ~J.,. ... . ,J ...... _ .... _ ... 4 ... 'or ..... il.~~ .lit ........ ( ;.;."":"Ov.L. • _~ ..... IV J; .. J_.... V~ 'vJ ; .... , v:.· ...... ,..:i I.:::i.v t,';lo. 

very low angle. . .\ 
I.: \ . 

. ,i 
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(b) iJ",flection of the 1:."0. in 'l'rt'md at the North C!lU of the Hidge • 
.,.-, t <-. t'" ~ . , , '- ~. - " "1 .; d I" t' itur {1 ~ .. ne nor i1, l)c-glfL'lJ.lng 1.11 · : : .ll.rt~Ka. CJ.!:ll~ an.:! j~': Ct~"'''l_l~ O an {lH, ne 

cTowd:int~ and. overriding of one bed 1)7 anotheL' ~s thG bClds were Ghoved together 
trv2 incU-viduali ty of tba beds is l~rgi)ly lost and they r,.~rgG ir:to a conf1..scd 
serio::; of t ne3·e Cl~i)3h~J. [~r:(i uGfor;nati 'J!l ef·.fi~ct8" Enou~~t i!::lividuality is r·cccg­
l:i.::;c~ble of anD of the beds to make cert~'~:ln that the t;-llo13 series bandB to trte 
no:~th rather :;h~r'ply by ~t.hin det"o:r~1~:.-;.ti ~)11 :and it qppc:J.rs that the mansive cherty 
lin~e3tC)n'e -:-:;~mbGr l:.rin .~ just ab:)v-o tho tIllIto]) l!U8.~~tz~lte ai/~r rjdcs ever:,rthing 
(~1S0 t~O tbnt e~!cn th2 II.iIl to~'~ qU5rt- ~.~ite is lo ~~t O~1 th ·9 s·:l::-face. It rn.us t exist, 
0f COll l"'S8, 

extennion. 
De:ncatrl, but ur~doubtedl~y" it 1,S f LnAlted. excessi"v·ely in tl-tis :far north 

1)11i8 conditi ':J11 in il:d :.catod. on t he are~ll ~1!lP aloT;g tl~~ r.1.:J.rgin of tb,e 
bloc}{ just before rOaCi1i4=3 th,e :c<b.y'clitc flovls bc~rond ~''!hich cO!1ditlons calU'10t be 
seen. 

(0) S:1'.'111 Cross Fault;; 
The larger cross faults have been indicated above but 1iherevcr a 

iorc\J:.ti')n is of bllA:i brittLt che.re.e t er it h: .. d at one of the sta~;e s of distl.lrbanC3z 
a tcr:.ccncy to d~velop cracks cross wh,o and is likely to have suffered SOnie 
d:i:Jr ·1e..cemcnt. ..:\11 of the {Yrittl.;~ b(-)ds 8X}libit tl1is effect to some dcgre,] but 
the. l7!ost l)~Q!lcllnced of theso efi'~~cts is in the Hilltop ql![;:.rtzi te. 'rhis is a 
co~parutively h~Td, brittle 
and not so to"..1Gh as 80":e ci' 

, .• ",..."r!" _ v".,(., .. , m:)Y""e l)ri.ttle th~n any other of the whole series 

;:>.~d n0t so 
On account 
more along 

tho si15.cifi,cd c:c;r:rbel"s 
eas 1.11 ~olded or d8fc-rr;~ ecl b~?" {[tas.Ili.ng as 
of thb physical condition.) the HHltop 
thtse f'ractureso 

of th~ sb~le limestone series, 
SC:l:C of' the s1:aly 1 i;'C.cs tones. 
~uartzite, tends to break and 

:Fractures of~ tn.is kir~~j Y{tore open at the tin~e of the mincr-alization snd 
sOJ.!G of . the~n ax·e fill ed ~ith ore r.:1inerals of' various k~r:ds. It appears thet 
't' " l' , .., .. , , ~' ,' - . ,.. f nese cnarae S !l':lV·S- oeeIl 01- consJ.(le;.~aOl. e 1.8pCr'Cance Ct.S J.l.ner:; 01 escape or so=e 
of tIle .winer~lizins~' S0111tions. lII-16Ge cross fault~~ and frf;.ct~cs, tllerefore, in 
the lIilltop q11D.rtzi-te h.ave connidcrable :In.portgncc in relation to 0:'0 develop:~emt. 

It appears also ti1at \~'ea~neSS0S of~ 5imila~ lcinci, t ! '~at is, cross frac­
tures and crush effects, thro-ugh mineraliz:i,ng solutions could OSCD.pC have be~n 
of impcrtr....nCe in so~e of tlH~ othc:r· g!·o~lnd. and ill.variably it has been along side 
of or through some for:.l·a t:lDU ·ahich is t:i.orc brittle th::1n tho 'aver!~ge and ~hich 
tterefore fractured cnd kept'lnvre ·open t.han most of th:::: other rocks. 

Vihcrev,1r such frac t.ul'es v;er.e op(':m~ duri:r:g the early sta,(?,es of the 
r:lineraliz5tion history they 'l7Gre bO:':lled ,,! :~ thout devclop:;:ent of' ore bodies, 
wherever, on the other hand, the~r were opened tov,ard the end of the minerali­
zation epoch 7fhcn the C!.ll.~f' OI"O ;:11.!l·or~als Vlcro being carried, ore deposi ts _c~ -- · 
r.;ore or less consequence depending on local cor,ditions were developod elong 
these \~ee.ltrle sses .. 

(d) ~"ecft4 n +~A 7'n~a . .' • 4.J-4 ..... ........ ~~o ..... ... . .J"' ~ .1"':';;,;J 

TIl.ere arc w~:.rn:r crllr.:l: 1~~~, n\)S<l Tt~) ,T h ;~vr~ t he $a:;:e relntion t.o tl1e 
d;;rr:amics of the district and t he Hdjllst"~lenta r;ithin t he ploc~~ that the faults 
~~V8 ~~~ t 0 9 ~~o ~af~~-~t ~o~ 1~ ~ ih~,~~ n"~ C"O~~i~~ A~~~ct ~~d ~lch ~~V~-...... t;.4 • ~''''''' .... v.. ~ol ' 1 _ 1,_·,."1." ...... ".10 .... _0 <: (0 v ...... .... ......... \.1 _ ,. ... \.... ...;. ,. . __ ....... c _ ...... _ ...... ~_ .... _ " .......... c 

ments favor the bret:.king and C1~u.3h:ing of rocks o ';,nerc7er t he rock is scft it 
will flo,:;, or mash and recr:!st£t111,z(~ For!:o.ps r:;;.ther than break or crush; but 
wherever the rock is vc'!.'y h'irda:nd br:ittle it is c:Ol'e likGly to ,f:rs.cture ane. _ 
fau1t and in such places crush z'm~) s Brc ve:r::y likely to develop. They always 
tlf)3.n displacs:-.ent and they have the sw;~ e meaning us faults. 

(9) Dikes and Sills 
Tbera arc v~"9r;1 rn.B.r;.~! iJ>~neOtH~ aJ.:;~es and eills. T11o:t'" undoubtedly' C&!rie 

from the l a rger igneous mnssO'}s th'-!.t lin 'oGlr)'i: and at the side3 of the block. 
Tbey cut the series of formations promiscuously crossing the series at a.ll sorts 

• 

. ~"." 
':';1 
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(b) Lsflcction of the tra in 'l'r~md ~t t1:e North end of the fridge. 
Fur to the north, bc~in_'Iling in\::wreku cla.b n:1d i.~c(wnJ.o and Id~l., the 

cTo ... {d:ini:~ und. ov,::;rriding of one bed :Xl another as the bods ' :01'8 shoved together 
the! ind:''liduali ty of tbo beds i" l!:.1'g.; ly lost and they ~,":rgD i"to a confused 
serio::> of t hOSe cr',;sh~u eind £lGfor:natio!1 of'.f()cts. Enou~:t in:lividu3.1ity is 1"Ccog-
1:is[~ole of onn of the beds to muke cel~ta}n tb.at the ~~ho13 series bend::) to the 
nOl~th rat11er t::hG.!!)ly by thin dei"orm:.ti ()11 ~inrl it qppcars tl:at the !n:'i5Dive charty 
lin:.:? stone ";.:~mbor l:ring just ab':)~J'9 tl1c: lIilltop q'Uar·tz~Lte o'/er rjc.cs everything 
elso ~~o thnt e~:cn th2 EIil ·i to~: ::P1E.:rt~.~i tG i .z l()~r'(, 0;'1 th·e s-J.2·f~ce. It r~ust exist, 
,:):L COU:l"S2, 

extension. 
block Just 
seen. 

beneath, but undoubtedly it is faulted excessively in this far north 
:Cllis concii"ti ·:;n i3 ir:dicr.tf)d. on the aren.l u!!.lp along t}1~ u1Elr.~in of' tn.a 
befo~~ reaching t11e rh~t01itc flo'Ns b~~rond t7hic h cOl:d:l.t:i.ons caJU'lct be 

(c) SD'.;:dl Gross Fs.ulb 
The larger cross faUlts hO.V0 been indicated abOve but wherever a 

lorcv:.ti ')rl is of hard. brittht chc.rae toT it b .. d. z.t one of tee sta;;Gs of disturbanC3z 
a. tendcncy to develop c1~acks cross y;ise and i5 likoly to have suiTcred some 
d:isrlagement. :~ll of the br:ittl-[~ bE-)ds exJlil).it tl~is effect to some d(?gre 1,:: but 
the. rr!:)st l)rc!:cllTAced of these efrects is in t::c Hilltop ql![~rtzi te. 'fh:'s is ~1 
cC::iparatively hs.z-d, brittle ,r'oclc·, moTe l)ri.ttJ_e tl~::~n an:r oth;2r of the }';hole series 
un(i not so touGh as so:":e of th~3 silj,cifi.ed cer:rb01"s of t}:,.~ sb3.1e limestone series, 
:~;~d nJt so eas:i.l:t Glolded or ' d0fDri;~e(1 b)~ ::":12 s11in;~ as SO~'4e of the sbaly li;Q9stones. 
On account of thi~: physical condition3 the HUltop c-:uartzite, tends to break and 
mere alc>11g tl1$$e fractures1t 

Fracture;:; of this kirl.d 'imre open at the tiE:S of the mineralization and 
80:;:e of th0~;; are filled rdth ore !::1imn'als of various kir:ds. It (lP!'lears thet 
these crlar~els h.:-1VS beel1 or con~:1.derat.)le i:Jportance d.S lL~ef.i of' escs.pe for SC:JJ8 
or tllS .lliinel"'n.lizins~' SOl11tions. 111BGe cross faults and f~~[-;.ctt:~cs., tl~ererore, i.n 
the Hilltop quartzite have considerable IT:l.port,mce in relation to ore develop:;;.emt. 

It appcnTs also tl1at 1~";' ef.i~n,;;Ssos of sir:iilar- }{ir!ci, t~ '~at is, cross frac­
tures and CruS!l effects, thro'ugh rnineraliz:i,:n~~ solutions could OSC1.lr~e have be~n 
of importcnce in . so:ne of -tlH~ OthC1~ gl·o~lnd and in.variably it has been along side 
of" or through some fo1':'18. t:i.DU yzhich is r.iore brittle th~m Lhc 'avernge and 1ihich 
tr:erefore fractured cnd keptmvreopcn than most of the othor rocks. 

V;hcrev~:~r such f .r,ac-cu.res 'r:erc o'pen :G duriTig tb.c eax-l:r stages of the 
nineralization history they 'f:Gre b8.aled. W~,t}lOllt d.(;vclop:~ent of are bodIes, 
wherever, on the other hand, they ';"{ere opened to,,'ard the end of the minerali­
zation eI)och v.:hon tr1e c!.l i.~f OI" ,~ ~l:3.11or"al.s r:c~r-o being carried, ore depOSit .:: _c~ ·­

core or less consequence dependiDgon local conditicoG ,"ere developed along 
these we.e.krlc3ses . 

(d) , 3recci~ted Zanes 
T11crc are w!ln~r Cl~1.1 r:b ZOl,}:~S ~ 

the fault.s 
s'.1ch Cl:JV8-

ment.s favor the bret:..king and cl~ll:';hing of rocks. ':,herc-ler t he rock is seft it 
'.aill flo';'; or mash and recryst£t111z(: FOl"'l:O-ps ro.tIv~r than break or crush; but 
wherever the rOCl-: is VC1.'Y h~ird and br:1ttle i .t is r:01'o likGly to !:rs.cture nnd._ 
fau1t and in such places crush zour::" 8:]:,0 very likely to develop. 'rhey always 
t:lean displac0~ent and they have tho S(l ;;;e !1isani.ng us raul ts. 

frotr, 
They 

(0) Dikes and Sills 

the 
cut 

Thera arc Vt;)ry m.~n~! igneo'Ci0 dj.kes and sills. T11oJ'" undoubtedl)'- C&.r:;e 
larger igneous m1.l Ss"~ s tho.t 118 0Glm: and at t1w sides of the block. 
the series of formations promiscuously crossing the series at all 
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of nrwles but :::tiD, more c :)f'j!non17 :-unnin!~ fio ;:'! e.;ih.U~~~·' 1" narallel to t1':e beds .. .. ~ : .... V .... 

r:.rld cl~tti!'"'~g t-:C~~oss fro!:! 0110 to another Rt 1(J~,~7 ar.;gloh) \r _' ,~ rc i~) no apparent 
<:'r~tt~~~ .0"'.1 ~~, "'''I 1 t t1r-t:;'''''l It c:-il i a f · .... "T'fJ -rCl r-:.. t "a': :" e ~jld~~1 '~i~1""'''~~~f tf?t") rnS1n~r ti7" ":'~ ~+9 
;::"\~ ';~I~: ;~~:h "",:'#~.~·.q~i"~~"'~~:~; ~~ ::'~- ~~~~ ., ,=, :~4+.h:: · c-~t~~:.:~'~ ~~~~ ~~~ , .. ;: ~~ 1.~;~~:;~ , ~ ."J~"" .• .L .... ,.v,. v_ <c. ' ••• r.~ , .• j_C_~ ClJT..~ ,_,C~'-' ~,,, "_",, "\IJ.,~t.,." ... ~~:tA~~.~ .. e':'<J.b_.e -...l.w\" ,Ance 

.;l "' - , ••• , • ' , , • 't .t - '" i b ,, ('\_'f:o.t\ • , 
g ·;r·~-,L;.U ;·~· t ,'.-, ~ i- I ~ )' Y. .! ,...,·t (\ r'-o .. ·' ..... 7". 1. ;'\"'"1 ! .... ;.:.~ t~··'!\e!J. t h ~~ r-·e~"':J '~";1' eco· .... ~~ ~ ... ~- . 0"'" ....... ~ ~C ..... l CS 
~~ ~ _. ~: .. ;:~ ~~ .':~- ~.r-- . u ,:~~ ... ~~~:.~ ;:~ .. ~h,_~~ ~'~ ':"I"'~::~~1 ·· .. ,~~ ~ .. ' ~.I·;:·~~ - ~.~ ~,~i;~ .~~:vv~ ~~," ~!~-~: : 
.... ·il" ""~H,_,:,':.l .;,, o. Y __ v i'l1", " .2L • ...... to <.l.~ • .l. ... l;G"' ... a · ".·'''''C'. ~.i..:..,<, c.~.'~.~~vr ",trt_cvural 
'YIr:r-l " .... +- 4 -,7\ '1 ~'''# ,'"''l .... ) ,, ~,"",":r-, 1 ~ .o .:~''1;~ ~ ....... -::')~_~ ~,>" "''.I.'' J,. r .... ~""' ~."O r:'" '-',0" 'Y"~ 4 - "!.-.~:- ..; t~ ~ Ir"\,.~ ~,1 ,..... r" 'V';rl 
J., ......... :....-Iv ... l , ..................... 1_v ........ · , .. .- v ~ . \JI .,.~ ",'.I.~ ........ j) _ ~.. I.J..J ..... ... ~ • . ~;, f.i ~.-' (,. .. .-. V V ... L"''' ..... n .;;.tl,"J~. ~Y~?,6pjono c..L.""", 

Y\~;,'<O;O--OO.""'. '.~.~ ............... . _:1 ~.~-.;~:~ . 7~ -'b~::.r71 ! '.j'Y''' ~ e .... ,ll('1 r:·~ .-; ~.., ,- o't~ ·.~lt"" ":"~·i~ .. .;.,...\(~1·,r 1 ""rr ... ~~: ~ ~,.,. 
4( ' ..... _ . • . .1 \ • . . ~ ... _ ... "-- l. :'} ...... .. . l .... 8 .... t_ .......... 6 C ..... ..:. .. O\. ... .... 1_-""-': .... ,,\ ........ ( ... .L. ~' .. -\...:. ; .. ..... " . .. ? ... - .. ~-::: .~J _Ol"l;l (1.J.~~" • W~\At, 
":"1-- ) ... · .. ~ ro\i '1 """' , "1" .,.... r"':t ~ · .... ~-"r'.;. .. ,. c'- "1'\ ..... ..L. '\... .~ .}.~ .... .. ~ ~~,.-~ 1.·/" ...... ., ~ .r. -! .. .,; ~"")"t'It/"."; ..... l ~ .. ~ '" .. -\' ,0 "'~ \, •• 0 .:.l'(~". ~ ( .. ,. ~,8" ._,", __ ~" ... <-Cr ..... ,,'.J >.J " , ~~ , .. Cc. , . , •. _j C,-'D .. L!.,-"- ___ " We ( •. ,.SI:'"" l.c" . • ,J: "l( 

.. ,,, . • " • ., • • ... ' +.... . '". ~~ ~ :"':(!>. ~~~ 1'-:: ?lO ·~~"J..n:':" '!'Jecu·" c; ......... "1"'"1 ~u (~·(~~r"" ·"'CQ~· :~C c..- a"'0~ " "t n Oir' one' , ,.. ... " , ... .,."", ...., _ - " "''';,..i. --_.-- -~ ........ -- ,"'" ~ ... ;." .... '-oIU • .,J ,&'v .... .. _ ..... ~ • 

~l"" ~¥., (~ . .:. \ ....... r...,; .J" '::- .. ~ '11 -..... '." ..:~:. 1"> l.~i 1..,-.::-; .. , 'r~ .:"I!.-....... i -1,.....,p -r"f , • . ~ .4-1,.r; ". ~ . ...,." ,,\ t, .:"to""- -t·) .... ,.. .-1 .... ~""' .... - ....... ,~·/,:..ta ~ .:.. ' .:" - J .;...:.. ... ~ ..... .1 ....... _~ .. I ..... l ·: t.".. t, .. 0 '._ l H • . / .("..j,. ~ .. l: ... \ .• ";;"' .. J _ _ ....... :;;.4 OJ. \..- ... ),'~ "C.J . .. IIO ·n ...... ' .. ~ .. _L .. w,,)\.oO, l· · .. ~~\· .. ...!\.;:.t.~~C 
"":!i +~·"'~r::l '": .. : ~~ ..... ~ ~)· ...... .;..,~ -;) 1p -rn ... ,~ ·:i~.!..';"')I' f::' ~'"'~ ..... · ~ ~, .; - 1\ + \., ";0("1 "}~ 'o,.,1.r In -....." ......... +-~"' ,~11 ... ~1' N lLl. ..... vC. • .;. r ...... ~ •. ,.~ \.,.A;I.,.u .... .J. ~ .... ~ ...... _ .;;...L!~ ....... ( .,A\; l,..J,. v ...... :...J""''''_ ''' .• _ .. \,r~ .l o",./ ......... ;;Jo .... _ v.u.., .. . .JJ. 4.: • ...,V..,olV~ .J.- 1 o,--..!. '/'> 

• t,/ • ~ 

ti.'~~r ::~·~3 cldsr 1::"::ln thl!) ~.J.incr3.1:'z :: ti(:·1':a ~'~~1~i arc [lIs':) ol(~8r than ::;07:!-:! 0: the • r 
la tel' dei\:):i*";":-:::! t, j :;11. 'Zhe:r .3.re t11cr:!sel ves, tb~~l"ercrc, siJbj ect to i~ract~J.r:1 !tS and 
faulti!~g 8.r.l.cl d'.ls::lsce f:·;C!lt D:ltJ bC!CC.:'1S:3 of their ~t'~GrD subst~nnt j ~11 nntu.re t!1tJ.n 
SCIll8 of thG ot}":81' l""Jck.::" ~'3D.l-:ne::;sBG te:lQ to develop nlong the 1:l'.::.!"gi.ns of tllGSe 
i!ltrun:_vB 1..i.!l:lts :r~th0r th.r!.D thl"Cllg!: thorn. '1·;;1J.c ene frC c1'U8tltl;y f~ind.~ crusll z~nas 
fol1o;:;ir:g ths s 8.~tgi!t~ of an in.tr;'lS:l\"e and in ~~or:e CtlSGS ~)ne finds that the 
!-'rs.ctu:ces ~!:d ot1-:o:r- Yveakn~~sscs \:7hich hn~.;e developed alCT1[; suc11 rn!lrgins are 
'1'",'; .,., n;-.!> '1 4 - .,.~ " .. , ;.!.-,t:> ''''0-1.''' -:- i~"'1" ",+,.; C'" '" c" ~ " ,,.,"1 .;, ~ ,~(),. ,~J., + hi"'" <> C1,>" r. 11':'" 1 '" J..,;"~""""""", (.J. __ "'\. .. \"~ LJ",Y \006 ........ \0..1 \ ,'-.., ... Ji ....... \ • .1. ..... ;. .. t,;; .... I\",I_.1: ... ~ .... '" L.r~.~ ... . ..A ~ ~:...L o.J _~W ._"~.4 ..... _v. 

Al though it is irr~posf1iblc, Y:l~en on~ e:':-lcounte::-s ona of trlcS3 igr;.cous 
int.7i.!siol1S to deter[~i!'le eitl-lz:r its cy~tent of i'·o~m. belo~y the surface it remnins 
true, ne.:'V'orthu183s, that rCQ3t 0:- them ~ire co;::;>arati"tlcly .. narro .... .:i or thin. OIlS 

particularl~T i. Y-r ·~;L;~l[! r" and IT:trge n:l85, hO'Vfev~r, cnco~~tel~e(i i 11 thG Kas;'-icr Tunnel, 
is the best repr8seritut:lve of llr .. cx)6ctcdl:r il"'r"8cu1a:C s!':.d sud·dent enlarg3~~nt .. 

(f' ) Blo1'~'outs .. 
Itt a fe~:l rile-lee.s' t h.ere are s l'Y3cial slli.ciric~1tior~ effects in patches 

;)3: elor..g certail1 ZOi1GS. t~t one p·lace Of! iilC1a Cl(~:2r:l ' nca.:r t l :e r~ea.j Lilly lina, 
a very lr.rge pdch of quartz and j t=.spor has replz.cou tho Ijme;st()ne beds of that 
;npot9 r<~) otl:cr bods in t 11e ·vic:l1.1~lt~r Cll"C 

trlel'e.fore e. strikir.g ~ltructur!ll fco.t.ur.e. 
[luc11 effected 1!1 t.his \-;e7 ttnd it is 

C\flref'ul in~1pBction leaves no doubt 
\ybate~.rer but ths.t the lin;cst()n'3 hC1S b(~Gn :~eplac1..:.:d along so::e t:::eaknesscs, perhsp3 
e.. crus:, zone 1:~1 1a:4e escapi:ng 1j~utcrs cri14r~·"i.l'1g silica 11::""\I-C dCl;os5,ted and exc1;anJed 
vein qual~t,z a!1d. jaspor for S(JrG"3 of' tl18 1:1.S0 of tht:: ol~iGinQl ~oc;':Q It is, there­
fore, a mir:.cralizat.icn :.~fifect, but it a::;I;c·~:r-s to £l:1'\1e no r:l~;t,:;,llic r:il:eral content. 
I sec no tJ3.~r of' eXl)la i~ing the occurencc excopt as tb.e ~';ior}~ of 1~i5ing :3!)lution~ 
escG.pi1!~ at ~.,11is 'point.. !).n~:1 t:1Cy Y~c~e ·P1."o1Jably rCJlatcd to the sollltions u!:ich 
bu¥t/e l-::·rodilced. illl of* tl~G otbe:- r,1cv.!r:1o:r1:rfl isl':! an.d rli.ner<:lization effects in tr.ie 
di:;lt~ict. 

B1:lt ! S89 no "acy of (lete:~· ;tI111j .. ne hO\7 ~~UC!l jmpo:~:"to.n c(~ to att::.ch to the 
'" l"~ ~"! ""' ~ .~~,.-'t 'l' .... ~ ...... ~' t" "" ,.'t" r.:n .... ·r .. · ~ ~ .! >C"I. ... I" """I/~'" ... ~~ .. .. .!.. I ..... : .. ~ _ c"'). ~"\ .... . ' .. "(":.J,..':'':''': __ c:-< ~ '~l~ OcCc.w. 0",,,,, 1.1. () ,." "" p .. ,ole lCe.l._ ,,_ --'_(),h';' ., .!.C "' ",.,l.,." .. r".l.._",o .. ;",,,,3D,,,',, \.! i.la •• v~ ".L ~;" 0_ S.!. .LCa, 

:i t is pcr':~cctly elC:: 3.1-:- j' l~:J\re b ·eerl ,,1d:1Ctl to the 7~l1nlQ !Jeri.os of fO'lIr:a. tior:s In the 
CO'U~3B of t::;e ~1in8!."aliz;;:ti0n h~~~J'tor~l !J.e this ~'~~bQle bloc~: of i~round, ned it lJ9..Y 

be t:;at t r; :.s is ~i·:-:;}!ly'· £i loc·Sil o sc.s.pe cr~.2.r;'.ncl for sl:t.:r pl·us ;Jolu't1ons s -e:l ll 
cb,srg'3d 17itll ci l:tca after l'eachin.g !111':!"!'1 a d :1.ntaTIce from tll~~ primnry' S0U~C(3) or 
at such a l::.te time in t.h(~ epoch t hat tho s,)luti '..ms pe.sning through thi3 parti­
cul~ spot ,,::,zre not ra.cti'v'c 01101.1g11 0 1-4 high t Br:1I-)erat1.1re enou.gh O~ under- great 
enougb. presslJ.rc to per!ctra.te and t:-nns i'\) r"r:s, the l'ock es exterlt~5.vGly uS i7ere .some 
of t}'l8 s llicified end si15.c.atGd beds nt oth:::'r pl ~;~ CG5. B::t it, y~z;.:1 ch~rgcd~ 

heavily e!"'!ou.gh and 'l~as a.c"cive e:nou~h tv replc'!.co G0C19 of tho lif2c s'to!".l.G [;.nd pre:­
cioitnte (r~[l.rtz in cC:!l!:)io:rJ.l"(:J)le a:.1ot~!"it~" ~t.~ I1c:thc~ tt~ is solution t'lU !J carr:,rin.g ·ora 

. - ., '. , . t' " t '-" i' " . . , ... .;..,. 1 "l-!tllr!el·a...LS a~ gr--Q3.t.er aop n tJll' o.!.c 11.0t, 5~lccce(.\ J.Jl carryJ.n.g tIJ!Z;';) \10 ", l1 l.S eve...L.i 

do not kr:ow. But the failure of motal:iics of ar:y desCl"iption in this ~U[1rtz 
blowDut seems to ne to indicato th::.t tr,ODG solutions \H::"e not much charged v.-ith 
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of Ilng12s but ~-'.tilJ. more c,)rJ!TIonly ::'nnninG f10;:'i0;';huA~1 v nt.raliel to U:e beds 
c.."l, i Cl~tt; r.G ec ....... Q~s f~(\l·'" 0"10 t{) ~. ' ":Qthcr <'-it, 1 '-,,,", "' '"'~~fJ' < ':"0 i"; no er'N!.r<3nt 
~;~r;teyr; u;~~t -t;.(~;t. i, "~i11 a f\~'w- i'e~t wide -~;~d~i:;~ly~~.t(;*a?t·()· mClny iI';lO; -:ts 

.., • -.1. \ ." · ~ ':,i..- .... ~ T~, ',' -,.!~".·- "} •• ' - , __ ""' ''' 1'"'._,' -l-.~.' ...... -~ .... -.. , .. ....... ~~~..l...:, r·.J.~.h) ~-~"i'" ~.!, _. J.. ,_. , "> ~Ol"'·fT~ r: .L ~J.d.v ;1 O~ ~ ..... : ~ ... r .. '.:: \.-._.':4,...~1 ClJ.-c~...: d.";J. \.J ... l~~ 1..; ..... ,; ~ .. LJ';\...4t,·_,. z" v<,"'\""";'~~~ _ rte !.:~ )_0 u._~f..,. ..... nce 
,.J .., ... .. .. - . t .. • 3 • • , t J. .. ;: "I "b ', f"--.. ~f'\ • ., -'VH·J\;.U~:'· : J'\I co ," j ~ 'f ~r. 'J """i- r. y,-or.; '"\ "(,,1/''''1 ;"';:" ... t~: ~:'0~ C!": e ~~'e.""':J .,1:1(2 GCO:'r~~ ~"&:i- . Oy. r' ?1Cir)eS b: ~ ~~:'.;~~. ~~H~"'_ -." ~ ': .:~~ ···~r:'~. ~:~. +:~'.~-: ~ ~ ;~~~~:;:-~·i ~"'~'~ ~' ~:J ~~ 1"'~"~~';~ ~~."~ ;,;tx.'~ C! •. ~~ .. ~ : 

OJ-v ..:..;;...l.l.; __ , .... l,/~ 0 .. • l-.......l.r tlb ',· . ..:..n _t4'-'\.J (..A ..... ...l. ....... I.:",o\,A._t...··· ... ·· 1 "",- · ~;'~';;;.:1. A~J"""'J'" C~~. :' -tf~ . V7" ,ot .. "11c..,ural 
rel:lt:::,0:! 3.:'2 r"J:-r::':l to th'2 !:~rn<~. 1."01' tbo :::0[; t part t:,6 int:ru~.of9~~~on2 ::.nd 
r1(.!.1"'r !J~7 ."~~(.~ E~~le of t}:e~i1 cnr: be .fallot;~· n~-i i'cr 8l1. ra·~~Y":1. :?in{;ly lor:.g di~~:~rj}&.tt . 
'. i"'J 1 ..... c-~- J... h_ .J... .. ~ -,, ~ ... " c""' ..... ~· .::. ,~1.,.."V'r ... ,.·';"vl,,... ,", .. :".,:., "c-.'· ',0 1_ ' t.flC !:IUC~1 .l.e.:.. ... ~:8r ;l.~:J~)('~2 2.j.~ ... u.O '-.I ..... { .-: ;." ........... .iC~(! t!.Lj-"" .... dl-J. __ .t..:. ,~.6U .;:: ... 1. •. \.) v,~n..l '" . "" , ~ -l( 

There i::.; Y}othin£; pecul:i!11' in otl:ol'" respacts al)0ut their occ~~~~ 
Th '~:l B~;,. !~·~)ly· fo2:.o,:;1' the ol·d ·~i~'"f:';fl:cnC;SG li~€s of th:n ti=i~O \\"l1.:~n f'U.o~d 1~!:;.f~~!!t1~~. a~. .~ 
matc" .. "'j.;tl Yi::.:3 o.'t.r~ilD.·ble [l1"Jel ~;cti"lle boY.:c~;;.tll this bloclr. In n~Hctjcall:r all < - .' , . 
ti:Gy [;,1·(3 cIder tb:J.n thl3 :i1incralit :~ tic·::. ~:~ ~1d. arc also old.er than ~o~n'3 of' tho • r-
In. t(;r d.efo:'~·:-,;:~ t5 ~~11. 'Zhey' are tllGr-15Gl vcs, tl"!(~l"ercr~, Sllbj ect t.!'.,) 1"ra.ct-~lrj !t':; e.nd. 
:t'aultii;g 3.ncl djs ~:12C :~ f;~Qrlt butJ b r::!cc.:1S8 of tbeil~ l "~~)ro suba.tc.nt1;;'11 nat'.l!'e t:::J.n 
SOrLiO of the other l"'Jck!3, 'f!'3al-:ne~s8:J t8!1d. to develop ulong the tl·::!;tgins or th,ese 
irltru5:_vf; li.~li ts r~ther than thr·cug2: theT!} " 'l'};l~S en€: frcq'ue~1tl:y i·ind~ crusll zanes 
fol1o;:;ir:g t.hs DU2'girls of an ir!tr"J.si,;~"e ~~n(l in ~~,:)r::e CilSOS nne finds that tl·;e 
!"~~ctureS c.:;.d ot1:G:t rf;'eak:C~?3S(~S \111ich hC'-ofO developed alonf~ such., 1'1ri.!"gins are 
mi:l9raliz\;d b:;r t~:e solrltiotlG 17hich esca})ed thl'"*ough those crlan .. nels. 

Al tho~Gl1 it is impos:3ilJlo, v.~!~en on~ Cilcou:::te~s ona of trL~S3 igz:cous 
intr-o..!sic11S t·:) aeter[2ine eit11~r its cy:tent of ~f."orm b·elo'.:y the surface it re::n.ins 
tl-ue, n0\tortht:l'33s, that rUc);3t of- th,2L1 are c02parati',cly" narro"~'7 or thin. Grlc 
part5_cularly 1. rr'~;L;~1G.r" tlTI(i ID .. rge ~::.ss, bo;'{ev-e~r, encounteY"e{] i11 thG Kasper Tunnel, 
is th.6 cost repre3ellt~i.t:i.ve of llr .. cxpectcdly"" il"'r'ei1u1a1'" sr:.d ;3udcient cnl~rg3i.l~n.t. 

( ~J..\ , Blor)"outs. 
At a fe~'J r;lC.lce.s· there a.re speCial sj.li.c:tfic~~tion effects in pr:.tches 

;)'!: 2.1or..g ce~tail! ZO'i:J.OS. t~t one l)lace orl iilua Cl~:2r;l' nc-ar t1:e I",ead Lilly lin€:, 
11 very lr .. rge pstch of q'Ue.r-tz e.r,a. j 2.spcr hns replacod th() l::ime:stcne beds of that 
spot~ r.:J otl:cr bod~) i~ t lle 'vicit1:1t~r al"C 1'.:11c11 effected i!l this .... -;e.y ~!1d it is 
trlel's,fore .::! str:i~ii"~g otructur~l fC[lture. C'~l"eful in;1,I}Cction leaves no doubt 
\r(·bate~.rer but that t12e li~:;es.tonG has b(~G:n :~eplaced along' SO:1e t:~G;J.knesscs, pel"f:.3.ps 
.a crus~l zone '!~~11 e:,"e escapi~ng v;utcl .... S C0.1"r:/l11g silica l1u""\l":"c dCl;OS~. ted and ex.c1~anJed 
vein quax~tz a:nd jaSI)Or for s';~]n;s 01'" tl:e line of tbe ol"'JiUinc.l roc;':D It is, there­
fore, a IT!ir-:craliz.s.t,icn ~;~f'fe(;t, but it 8.::1;c.2:ts to l:l:tve no ffi-t!t3.11ic r:il:eral content. 
I see :r:o ~;i~y of e,:"~pls.i:cing the occurence except an the ~70~}~ oi· rir;ing solutions 
escCipil!; at t his point. lind t:H~Y 17c:""e 'p1."obabl:-l rolated to the soll!ti{)n~ ~l:ich 
hu ... v? l-:·rcduced all of: tl~o OtllHT" ft1ot?i:::or'pIlisc! aIle f.li.ne.ralizti tion effects in tne 
dist~ict. 

B1.1t ! see no ~~3y at" cletoo:~· m i11:1.r!,e h~l\v ~:UC!l irnpol .. t~nce to att~ch to the 
occurence from <J. pr:::lctical O~ cco11omic st"~ltld-:~· ()into .rmrr~ens·3 quant: ti€-s of silica, 
it is pCl"fcctly e1e31'" J' 11:J'\te b~~cn <-'lddc <.l to t:~e 7S"holo f.1er1.os of fOl.~' !:'":a tio~s In t118 

, .... anel 1 t" E19..7 

be t:.:.at t:~ :.s is ~i·:t~~ly· a lac-S!.l C3Cs.pe ct~,e.~:nol for Sll:r'pl'Us ,solutions stjll 
cl-"!.~rg,~d Yiitl1 c"il:1.ca after l~eCtchin.g Z~ l'~!"l a d: .. ~~';(.3.riCe frorn ttl~~ primnr:r S0U:-C(3) or 
at such 11 l::.te tir;;e in 'Ghe epoch ttl.?t tho sGllutiuns pp-sGing tl-Jrougl-; this parti­
cul~ sf,at l:::,zre n.ot ~lcti,te Cll01.1gJl 01~ hl.gh t0 r:1}.;.erature enotl~;h O~ unde:- great 
enough. pressure to per!ctrrtte and t:-r:.nsi'or-r:J. the l~ock as exten~~5.vely as ¥7ere .some 
of t}'le sllicified !Ltltl silj.catGd bcdn at othc'r J)l ~;~ccs. Ih:t it Yi;:;; chllrged 
11c~V'ily e!1ougb. and 'Has aC"Give el10usn tv replt!.co ZOC1e of tho liracstone f;'U:.1 pra.­
ci c i tat·c qUEtl~tz in C0!1~sid01·(:;,1)le a::1ot~:r.f ts e' ~:'.;11c:thc~ tr.is solu tion t i aG carrY'ing" ore 
m1r!er3.ls at gJ:"oater depth but did net 5accced :in cfJ.rrying th'::;;;-; to this level I 
do net kr,ow. But the failure of !notal.lies of sr:y description in this t:UG.l'tz 

blowout scems to we to indicato th~1t those; solutions v:c:'e not much cn:lloged with 
' :'>' . . ; 

'.i " 
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.... ~... . ... . . •. ~ . 1 >'h ' to 1" t'- t 1';'0 1J::U.J.1 CS and wore no i" VBr'y ~ m:l~:;', -;-. 21~:r Cc)r.!t.8CT;W Nt, lit.C so U1:.10nS Ila 

clcvel cl\:C u(i th~ 0:':-0 d61.')osit:, 3t i)":'>:~:- r:c :t::tG, LU;~~ on t!;e other h!lnd, 
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the donse ff:Jl .sit.e pOrrd'(1;:J ~.:.};::?t occuru OIl FT~~~~ric}: J. clai:-j . It has been rc-
f(1!"!'8d to sOriH::tir:~e2, us s. blev(Qut but dc,es not (le!~crve classificati9n ill this 
v:a)'" tlt all. It is structur8.11~r ~n i:; .... r3 t:~,.11:{1- e::<:p:::.nsion of one of t ·;~! e intr1.:sivc 
po~ob~rries, in this caGe the ue:.sc ',,,h:i ~ce variety:; tmd belo!:!g:.> structurally to 
the i gneous d:I.l{e sel"ies ... 

( ~~) r . .c.. ~~;"o Tl"+ ~" J' ~-": "~ ~"'I ~-::'I~. ~~C": b _t,.:Io"L ,,;:): __ ... v .. . .......... _ · ..J· ...... _'-'_ ..... v 

1EasGes lal·gc~ th~:;.n €i sir:ple dikes or si!"~·plc sills oc;cur at many pl,:.ccs, 
as doccrib\:ld i:'1 a p::.--occcdinz· PU1:"~~gr2.ph as local snla.rge~ents of the or:jinar.r 
di.kes and sills~ Sever:ll $llCh OC~\:1.'8nc')s [.re responsible for the large patches 
marl·:ecl orl the acco t(~p~ir::li~lg ill3.l'J C~1 FrG~i9T'ick J. end Green and Llrna and in the 
underground. tiork.ings of EiG.~.1Gn. '?rz;[:.:.~~~~ (, ljc~'Ul-,tlesn tn.ere ~=-e ceX1Jr others I!!ore 
obscure truln theze thF.:!.t h2V(~ 0:;::~~tl:! "t}:c S!!r:20 n:Q~nLl1g but ttley scarcely dezerve 
separate clnst:ii+icutioT.L fl--O~:: tlle dike~ &~d. sills t:lcrtlsel vas, of ~lbich they are 
s'imp·2e local val"iati011S. 

T11cy tly·e, b.o~}:Gver~ ~f;~..rcr:::.l large ilitr--usl,res of anotl:er clHss. The 
erle of chief" interest pe~~h)J.:!s, i 3 t!;3 so cal 1ed airc1se:~"e porph.;~trJ v:hich borcler~ 
the 05.Gt s1de of the block hl th0 v:l.cini ty of" L'le Hilltop plant and has a very 
considerable extent both no~'~h~; a::.':i '::':l(l souttwJ.:cd ".long the east margin of tr,e 
block and L~ay' {J~) f~lloT·.'cd for ~::. lon~; (1:~ 3tance to tlle e~3t a s a massive, oore 
or leSE pOl"'ph:lri ti~ H2:d Y-at:}:r;r CC: ·:1:!" ~·;e gZ\2. i!1E:(1 r:)ck.. Tt-l3 tit is a l'eal intr'Js i ve 
v:i tIL reZ1pect t o thi s block, i~ i! !.c~ic HtC(l l):r t~: c ~·!'oj ectlon of it tihi.ch cuts fer 
into the rrLU'gi11 of tllG Hi .~ J..top blcc1-: G.::ld Cl~osse~ tbe rond just bolorl the power 
nouno oi' tb,e E:lllto;; pl2.nt ~ It "13.ricG i!'l c:u~.!lit;{ consic.crably- fro fJ. place to 
place but its g J~n1erf!1 c :')~:~';o~i ticn and D.p:Je .~ir\J.nce J.e~lds onn to the corlcl1lsic-n 
that it is Gcsontj .. ?!lly ·s sin~~:e cnit ar!d prol)ably- is the same elso as the 
diorlt5.c and grnno~l:lol~itic :"DC~~:3 5t.~11 f:2:cther to trle S.oUt11 t~ y,; a!'ci Jhus Canyon 
a~c1 f,~a c!{eyn ~;~: {l~1h. 

Still mas!.) of SGz0::~ .. :hat diffeZ"Gnt character or se'"; ... rer.al r;.~r..sses of 
different chornctor· in ·~11e ,Th:.l~:: C.~n .:.fon regic}!! cut off' tr~e bloc~~ at th~ end it 

In sose re~pccts tho qu&J. i -Ly 1..;.1. 80:',8 of these Jhus Canyon !"ocks is !:lore like 
r:~>9.n:{ of trle por}Jhy·ri tic d i l:3s th2.!1 is the- lj irdse~Te porpllJTY. DC':.lbtlanu son:o 
of F''"' p"""'ubvry, c O""O fl")e <>-::''1'11 o"·h <>1" '''''·'''·'''2S (j~' f'1~OP tb':' "H' o'''~'' Iv'n;C' st"11 ' .. J V ......... ,. _ ....... . __ • • •• _ 'l""t _ _ _ _ I.J~ .s.. __ ' • .., ... """ ~_;:,=,IJ,_._ c,. _;;) _ 

df~e per Y/ni ch produced tbocc 1.:.!.1~e~ intl~t!.s ion units. 
Tb.0 . rncsi:'J £;Ertisf~lctOr-y' C{)nCBpt~0~1. oi-' tl19 ig?.!.eolls history of t11c di~tx:l.ct 

is to considc.:" all of th~5e different i f~ '!Y::ous 1"ocl:s as val'ietal exprossions or 
results of the cool:~ rlg an:l cr:yst·::llizat:"Lcn nn~:i occasional outt)real(i!1~ of fused 
!tatel'i~~41 frO fG a sil1g1e 1 .:lTe8 Ea~"v~t~tic r:-~ [-:"8n l;ting still dGe;:;8111, r:..nd furnishir(~ 
tbe !!1~t ,;,>:rial for a m'U.ch 12:rze~ ro :;;icn than this Hilltop block alone. ThUG it 
hG.ppens~ I think, t~:at t hr) J r ::,ni t,~~s 'cf Jhus (>myon .;·hich form a ver-J s:,riking 
and Iii. very- complnx saries, Ime bt'iZlg cut b;'f another in & very complicated way [.re 

~:-< , 

~ .... '; 
~ .-: : .-' ..... 

(i~) Large Irrtr··j~i,:.re ~::::.~sen w 
i~~az:es lal~gc~ th~:.:: fi .5il:ple dikes or sir."':r~lG sills o(;cur at ~o.n:l pl!:.ccs, 

as dcccrioed i:l a p:.. .. eccedio13· pur~lgr3.ph U8 local enlarge~ents of the or:j~. nar:lt~ 
dS-kes and si113~ Sever:.:;.l ;mch oc~m.'GnC:::8 [,re rosponsible for the L!.rge patches 
ma.r1~:eci on. the accc<!~P tll::.ri~:g ill:liJ 0:1 Fr<~d0T'ick J. end Green s.nd ~':. l!na and. in the ' 
underground 'tioTl~incs of E5.~I~:cn 7r,J2.~U1~e ~ lJ.:,yubtlesn there a:,e cell':>,," othcrz u:ora 
obscure t:lun th0~e thp-t 11~v,~; e::~~~::tJ.:T -tl:c s!:.r::8 rccaning but tl10Y scarcely deeerve 
sapa-rate clussii~ic.u.tiQrJ. f:r'o:J tl!G dike~ &~d sills tb.cri~selves, or vlhich they are 
s'imp·le local ve.l~iHtio11S. 

7hcy are, hO'i:cver, S(}'lc!'{:ll lp..'l:'g.'0 ir;tr-usiv-es of e.notl:er clHss. The 
0119 of chiei' interest pe~"h)lyS, i!3 t-! ~ 0 so called ail"dse:~"e porphj-TJ v:hicll borclcrfl 
the OSGt s~de of the block i l': til .. : v~. cini t;;r of" L"1e Hilltop plant and h!J.s El very 
considerable e:>::tcnt bott! no::.':::h ~ ;<.!.:'j s'J'!..t souttw.:n-d a~f)ng the eaot margin of the 
block and r:~ay' b~) ~":111()"r·.·cd for ~ lOJ1 ~; d:t -:1t~Zlnce to t.Jle e~3t as a massive', oore 
or less PQ1"'~;h~;Titi ,::. H2ld !' 1.:~:C!:t:l~ C()·:1~~)e gl\2 i!1eCl r:)CK" TtlS.t it ia a r'eal intr'Jsive 
v:i tIL renp8ct to thi s b.lock, i3 i.!!.f.:.icatc cl b:r t~: G ~·r{)j ectlon of it tihi.cl1 cuts far 
into the m2trg:"11 of tIle Hi.~ Itop blcck H.nd Cl~osse::! the road just b~lo\:t tbe power 
houso of tb.e Eilltop pl2.n.t~ It "13ricG i!1 c:u~.~1.ity ,~onsic.crubly· f1-0f:1 place to 
place but i ts g(~ner2.1 'c ")~:po3i t:icn and ap~J,~ .ar~J.nce leads one to the concl1l!Jion 
tbat it is G8sonti .. ~!11y ·5 ninc2-(! ~!li t ar:.J. prol)sbly is the 5n.me alec as the 
diC'Jrlt:.c and grnno~~ljol"itic :~Qc';:s st.~. 11 f:ll"ther to ttle soutl1 tOYt~' arci ,..rhus Canyon 
and r.~e..ck·eyn :;~·(l sb. 

Still mas;:) of sD:::::· .. :hat diffe~Gnt charncter or se'":.rnr~ll r~3.sses of 

111 SO~G respects tho ·q~l&J.ity (;.l. 8o~~e of t!1£1se Jrn.ls CenyoIl !"·ocl~s is !:lore li1-:e 
r::an)~ of tlle por}Jh.:t~i tic eli}:·:;:: th~:n is the: }3irdse~7e porpllyry. Dc-ubtJ.ans son:o 

r.- ~. ,. ."", .... ..., "'! +' ....;..h ' 1· ... "11 Oi ' \.. t e porpn;rry COr:::e lro~ ~"VJ..~..L c~;n.Dr 2_~~i:·Des 01· rrOT:! 'J ... e m!!~;hi2. ~,r :.ng Sv:" 

df;sper which produced those l:..!.re C! :lntr~r.;ion units. 
Tb.0 . rncst s~t:isf~lctOr'"Y· c::)l1ceptiol1. of" tb.9 igr.!.eotls hist{)1""~r of the di~trict 

is to considc:'" all of th':se d.iff~er-ent i gn:::Gus T"ocl:s 60S val""ietal eXf;rossions or 
results {;if tn6' cool:i.ng an:1 cryst!211izuticrt nnd occasional ou.tbreal<b~ of fus9d 
zs.te~i;!~l froRi a 5i11g1e l:lrC;B r![i ;·~-rr;t:.tic r:j;"~~i1 l~ling still dG9f.Gl"', ~nd furn5.5hin~g· 

the m:::.t.:>:rial for a n-r.lch 12rgc:" !'C);;;icn than this Hilltop block alone. ThUG l.t 
hG.ppens, r thin:':, t Lat th,;J Gr::;.ni t·~!S 'of" Jhus G<myon -;;·hich form a very striking 
and s. vary ccmpl~Jy" series, \)ll8 onZ!g cut. by ~mothe:r in a very' complicated way sre 
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'-') 

those rocks 

(h) Leter Flows~ 
The Te:-tiary flay,s and tuffs of the nox,th end or t11€ block and tho 

east side of mute 1'ail Canyon <:'3 ,',ell 8.;'; t.ho h02."TY 2.D.Cos::.tic flows of the south­
w~st side a~e all r.:tlch latex' e~11J disti~lctl:! i:>J;:a!'2tG f:r:)~ t!~0se U!"....i to just 
(lesc~ibed" Tiley ha.ve no' relaticn ~}:.nte\r~~~, to "the ott2r St1-uctt)J."'al features or 
the histo:cy of the b-loc1t l~.ading up to its !ni:2~r-nli~,s.tiona il.1t11Qugh so:ne of 
the fines'!:. structural ar:.d t090gl'Hphic i'80:tU;'GS of the region dep'2n.:l on these 
later izneous :rocks, they ha.vG so little t,,) do '.'lith pl'cble:lS of the$e 
l1j:-'opert:ies that it is in tile interest of sir:rplicity to practically ignore them 
in any .fill:ther discussion .. 

rITO' ~Einerali~a t i021 c 

ThG caUSGS 0.:').:1 gene"::'Bl nstu::'c of the minenuiz.ation o:r this ground 
ha~la- bee.n 1~e£erre4 to ir", C~~1111(~Ct. ion u1. t:th so,:,e of the oth!3~ topics. It is 
neC·9sse~y nv1~", 1107~eve:r:1 to ltsi"J::rml)le t11<3 };ol.nr,s of L'line~;a1ization separately 
fro'm ·the othel" fost·uresflt 

(s) Ir1pregnatio!l0 
~the1:-o ar~:; se1;'G.ral tliffa:c'cnt k.inu3 of rdne!"'31isution ef-fects. 

most prCrni!13nt ·diffo1-c11ces beillg tr10u~;:1t of as P:-:"i~~nrl effects and S:::cend.ar\l6 
e:ffectse 

P~in~~r-y raine:.~al:izati.Gn bc.s trJ do v:iJ~h tho OI"igi~o.l dO·\relop~.ants of 
m:t11'~::'a1s fl"C~ the 01 igi~:D.l ~,:')U::;CG~o '.2l;is ttp ~ec.rs as i~p!'3b1ation of the 
ccunt!'7 l·ock by' solu.~~io:(!5 LI'1;lt c.:--t'r'!?ic:l _~~tinc:tnl tLstt'ar of variou.!3 sorts. 'l:ha 
chief ono of tr"iCSt2 ~;~rul?sts.n~~e3 ~:(;~ L1S to h::v'e b82n silica \,,:bich \7aa edd.ed to the 
roclc8 in a Vt?;l~y l;?w.~ge nr11-~-ul1t at 8 to~p(;ratu.rc and lli1det ccnt1itions th~.t allotTed 
o~~ cnc:)U1'aged ver.'j (~xt.ens:l·J'e pcr;>etl~fl.ti:Jn c,:'d ir;;:preG-2:1t~,on of tbe rock. For 
lo~'rrl /~';~+a.ncoG e·?"?G~ts ("'\I·r + ii~ e 1;--1r,,'1 'f~~·.~ "r } ... ~ t"r-~ced ~n -~~tiC1Ji.~~ b~,ds ~!her~'''a ."'l:;I ~-~ ¥ - S -....JI",.... ,""- 'oJ ... _-'0-1 ............ .... (. J. ........ ~) v ·. ... _ _." _ r--r ..... - -100....... v • . - _ .. ~ . . ~ .t •. 

co-n~plQte tran-sforr.rzt~cn of t he I~ocl~ t:uz bG~;n acc!.)~!!lished ;:rhile bodo on either 
side areCot1I:'<i::;ati~v"~91y 1.ittle efi')ectea by an:r aa(lition of cat,oriel. TllUS th~fe 
v;ns undoubtedly e. very p:rG~niT10!lt :';101,;;c-civG cor-trcl exerted by beds of diffcrept 
Q_uality and the result, is t.hat s:)rr~.:~ beds a::'o co::rolotclv tranafor:::.ed where aG ·' .. '" ' 

others are only slightly effected 2.1t1::Qu:;;h they stund side by side. 
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(b) Replaccr::cnt. 

In s .. )~e places the~e i~ in8nJ~.~~\Cf~Gr~!·nt of the catmtr~T l"ock, the place 
of' tile rock z:...1.t>eri~l bolng OCC1lpicd f'iJ.~aJ.ly b:r othe~' rn.:ltc~ials ~ This is als~ 
sho~~ on a l~~ga sC31e~ 

(c) Cr-,""-{A I"'I ~ r~ ,~+'"".)r.'I' ~}:4~ .~'! rt.,·1.:; ...... ,....l.·<t ....... ' 
I,./J.<>.""'~C".J .. ) .. _..,~.~.o .. .o':"'.,;,J...L.Io.)n Wl.~n ,JJ.. .... ..,;,.""'C.~J .•• L, .... _l"!':1 

Q:.~ a still ln~~zcI' sCf:il,:? t}'~cl"'e }l~S b201~1 crlc'nical r8[Lction b~:;-tr:een tte 
solutions that .pc·no~G!'atcd t11e.se l"ccl~s a~M.:.d tba raj.l:cr:;ll r~1.attDl·S of tho rockn 
theDselv0s so that neVi cor:~pOU!~d3 ba\1c 113en rC~"r~3(J., "LlS:tr..g cler.~Gl1.ts fro!.1 both 
t10U2"COS, thus 'it h:lppans thc.t so~e of tb':'1 beds U.t'e co:c·pleto-ly· tra:nsrc:::~mad in 

their I!!i11B:"'alogy, ~i'y!'c:c8.1n boir~g (1c'v·010[-8d t!1.:1'C r:ei .... e !ljt the_?'e ccforQ althcui~t. 
t11ey do c ·~r;.tain sc-::e of tho eler::Gn ts tho.:t ~7Gre introduc(;d. This is c '.-;:!tact 
m.8tn.J'~~jr:lh if)~1. 0 f certnill type, tl-:c ty'P';:; referrod to g0~tlC1"8.11y as silicaticl1. 

',! 

It is the chief cv'{lrse of tl:e c:~c0ssi"~"'e h\qr-cmoss UllCl -Goi.lgnnczs of tho for::2.ti~ns 
penf.ft~ated by t11c 10;"!01'" tur~Je:ts of the Hill top p:"!.'"'opert,y. 

This .effect is particularly r-::"c·r:;,ir~e:1t -ir. trlo bean y;ittin. the f·i::37, 20C1) 
feet oi~ th.u bas-Q of the bloc!.::. 'l'he r(:tiSOrl fcrr t11is distribution, is bec~use 
tr.:.cse lower' bedn cC)'t;~e morc y;:'ttbin l"leaCfl of eouncaut, escal")ing solutions fro~ below 
a:r.d still tlo:-a 11it,}:in t.he reach c~ tl10 high ter~'p::rrature i r..!posGd by pro::.:.icity 
to the 1a1-ge1' igl1:2CUS !~$.SSeS a~d tl~G .i r;flucnca of escapillg solutions before 
they become coole.d. 

(d) V'ein l--'illi,ng o 

L~ othel' i=12a,ces, farther rC~l!:Qvcd fro:!! tl10 larger igneous r:~SSe3 and 
~.t s1Jc11 d1sta!"lcc that tIle' eSCapil'lg sc~lut..ian5 112:d lest sarle of their tl-ans­
forznne co:,;~p·c ·~e!1'ts!) and ~t places tibero fractu.l'es O~ open speccs s.1107.'cd. 
solutiol'lS to escape tl~trough tllo ch.uw:.cls tz.:I.t11out lnllCll cO!J.t,S'..tnination f:ccm the rock 
lorrnat.ions tl:ern.sclves, v"'Bins h2~je b;Z011 form~1d,} E;~'Jst, of tl:'Gnr-:z llave been forre.ed 
at a late staZD b the nir1e ;-aliz·ation e.poch and dO\lbtlc-s3 repre~ent tile dying 
out or l:K~rbE.ljS the end I)::,,"'od.l.~c'tl of tho ~1,:1101c rJ.1. r.:.-e.~'~ali.zatiorl epocl1. Th0Y are, 
.in places simple vcins p but the i'<'1ct that they 0:1'8 genetically very closaly 
related T/O tl-~e otter types. desc:. ... :1.bsd eJJo"Je is il1dicated abltndantly by the variety 
of eft"'ects !!.T!d €~qJr-€;ns1.on3 ar.;.d. cornp~",sit .:'cns 2 11d f~crn of thesa mir.eral clcposi:'s. 

." 

On th.c one e:·:tr,z!:3 t1102' arc "'ver;r si!!:ple sh8..rply clet""ined VCi1:S \vith clear cut walls. 
l,lx·om this the~T .-t!ar7 L"'l t!1e di~ection of f10re O~~ less attack 011 ·~te tauls and 
repls.cemf~nt of 5C:23 of t:he -'I:tall rock"" 'rhCl""! th.Ol~9 is pleI~et,l~ation of certain 
beds of the V:3.11 roc.1-\: alor~$ li::~;s of ~roal:rlesso3!} aZ':cl sometir~es i::-pl'sgnation 
of tr.i6 ":ialls, -:;,-ith devalo'p_~ent 01" il*;''Ioegt:12:r- fin~,sl'" like extensions into the 
country · rood, i'rOi:l t03Gain ch~l:n_,,"1els of Cil"Culat.ion. 

rr116se u~ually a:c·e ll"'l~e gu.l~lr t1:19~:-;.~1 el"les, 81).pearing either- as pocket 
li1~c or .bU:tlCfv e~,:pnnsi0z1s or f i :'1cer lil: ~·; 6:-:tcnsions or chit:.'163r lil~e COD:r~t:ni­
c:itions e.·,(-cen·.·li!1{: uI)''}7urd (111':! d()~i:/r.i-;~·o.!"cl\t It~ if; tb.is type oi~· n:lno:~aliz[!.tio11 

that hus gi"J'cn 1~i~3 to the irrec·ulr:..l'" 01:"3 bodi·~)s cllersct';;rizing t1:a ~':aspc:: 

-ru!'In,el~ r;;~}1C:·C ·~G ttc sllri'wac~0, fiv::~ hu~:dred to saven l"iundl"cd fcot aDo·to, a.~ ~.a~y 
~""l ~ c~C1 +·;'e ~re.1~ ~'i ..p;-'~'''T1 of' m1 '0~ .. ~.!:\ i -1 ~ :~ i~.~l t: 7't 4 ~ r-!t~ .. ~;.~ :r-"{·on/~i ~v)t"'C, a' ~ _ ..,_ -.., ...... v ____ ._ ... ... __ .... ______ '"'" ....... ~ .... _<i.J ___ v ... /Io ..L."-,, . . .. ~ _ .... ,J ... ' __ v'-"\.~ ....... " 

It· is e:::1til~ely possible that tl103c eJ~p~;nSiol1s and. pockzts e..::d 
finger like chit:-.a10;;rS arc t 'ho latest e::!:pr'et1sj ons of all in tl1~ p!"''' ~~7' mir.crali­
~a-tion history. ~~llC:j ha.ve devcl-b[Y.3d 6 fHho r o\7"o l" it \~lns eas 1.cst for the esc2.ping 
::mluticns to p:~net2"::::.ta o:r- cir'cu.lo.te o::.~ escape (,n1 thczr e:{tend as far an r:.r.d 
c/Jconplish as mucll as their- cnerc:-! ~de ponoiblc·o Itt is not tlnusual in the 
?.:~or'!{ings to sce s. 61:10311 ri11zer li.ke e:Kter.sion die Oilt ent.iT'ol:l in its up7Ja1~d 
CX"tc11sion :1.:'1 t}:o ~ocl:. T}~e solutions hc:vo gGlt ~; as fer as they could. It.ey 
droppc;d their lo::!d of mine~ ·a.l matter. and noth:Ln(~ :::ore VH1S done a.lon~ that 
cha.n.riel~ 

These a~ the 'forcs or tl'le- mll1cl--uliztlt:lc)n ~)f tho I!ill top ground. 
The course of circulation -of the ra:i.ner'ulizution solutions, tlhich made the~; 
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(b) Replacc!'::cnt. 

In s .. )~:e places the~e i~ i~en1.~~\cr:)G :~!·nt:~ of t11e COimtr~T l"ock, the place 
of' tile rock z:...1.t,eri~l bGlng OCC11I)icd fiJ.~aJ.ly b:r othe:" rn.:i.tc~ials. This is als~ 
sho~~ on a la~ge scale. 

(c) 
Q:~ a still ln~~zcr sCflle t}'~ol~e }l~S 0281'1 crlC'r~ical rerLcticn b~~-tr:een tte 

solutions that .p:t·no~Gratcd t11e.se 1"ccl~3 8.~M.:.d tba r.:rtncr:;ll r~l';l"t::~D~··S of tho rockn 
thenselvGs so that nOt1 cor:~'Pcu.l~d3 ba~vc 1'::30n rc;:"r~3(1, tlS:1.r..g cler.lG!"lts fro!.1 both 
t1uU2'COS, thus 'it h:lppans thc.t so~e of tb':'1 beds U.t'e co:c·pleto-ly· transrc:::~rrt1d in 
t:heir r!!ir.le~"'alogy, ni.Y!.c:cals boil'~g (lc'\.tclor;eu. tb.:l'C r:ei;e n::rt the~'e bcforQ altbcu~~~ 
tl'lay do c ':)ntain sc-~e of the eler::Gnts th8:G 1J7Gre introduc l:;d. This is c '.-;:!tact 
m.8ta.J'~~jr-:.:hif)~1. of certnill type, t}:e ty'P';:; refe.r:"'od J~o g01'1c:;:--ally as silicatic~1. 
It is the chief cv'{trse of tl:c c:~ccssi"~"'e htl'r-cmoss 311C1 tOi.lgnnezs of tho for::ati~ns 
penf.ft~ated by t11c 10;"101'" tur~Jej_s of the Hill top p:"!.'"'opert,y. 

This .effect is particularly r·::~c·r71iij8::t .il"'. trIo bean y;itti!l the fi~st 20C1) 
feet of'" th.u base of the bloct:. 'l'he rf:tiso:n fcrr tllis disi:.ribu:t:!.on, is becc.use 
tl-.:.cse lower 'bedn COF~e morc v;:'ttbin l-'eactl of t!bunc..s.xrt eScaI)ing solutions fror1l below 
ar:d still nO:"'8 11it,}:in t.he reach c! til0 nisI'! tG:~"1')::rrature i r,:posGd by proxicity 
to the la!-ger igl'lcCUS !.:!s,sses a~cl tl~c .irdlucnco of escapil1g solutions before 
they become cooled. 

(d) V'ein l-"illi.ng o 

L~ othel"' i=12a,ces, farther rC~l!:Qv0·d fro:n tb.o lc:rger igneous !:~SSe3 and 
~.t stlc11 dista!"lcc that tIle' et3Ci3.pirlg s(·lut..:l.onn 1'!2:d lest sarle of their tl~D..ns­
forzline cO:;~p·(5 ·t e!1ts, al:d et places TIbero fractu.l~es O~ open speccs allo7:cd. 
solut·iol'lS to escape tl~trough tllo ch.8ll.t.:.cls tz.:I.thou.t ln1JCn. cont,S'.,7:lination from the rock 
ior~nntions tl-:e:n.sclves, 'i"eins ha~je b;Z011 f·orm~~d ~ E;:·j~1;, of ti:.Gnr-:z 11~'Ve been form.ed 
at a late staZD b the mir1e;-aliz·aticrl. c·Doch and dO\lotlC"33 repre~ent tlle dying 
out or pc!'rbE.ljS the end I)j,,~o,dt~c .. t, of the ~'!'z1101c rJ.1. r.:.-e }~ali.zatici1 epOC!l» Th0Y are, 
in places simple vcins~ but the f<'1ct that they O:Ce genetically very closely 
Tel!lt~d tiC t.r~9 otter types. desc:. ... :l.bed eJJcr;e is il1d.icated abLtndantly by the variety 
of eft"'ects an.a €~qJre;Js1.ons arld. cornp~",sit .:'cn3 elld f·crn of "cneS3 mir.eTal dcposi:'s. 
On th.c one e:·:tr·z;:3 t119:':· arc "'ver;F si!!:plc sh!lrply clef'ined VCi1iS \vith cloe!' cut walls. 
lilx·om this the::l '-\far]" L"'l t!1e d.i~ectio11 of r10re O~~ less attack 011 ·~te ta;.lls and 
repls.cemf~nt of· sc:n3 of t!le ''l~all rock~ 'rhcl'"! t.h.or'9 is pe!16tr'ation of certain 
beds of the v:all roc.1-{ 8101'1$ lin~;s of -:~real:!'lesso39 az:.cl sor:etir~es i::'pl'eg~tion 
of trH3 ":ialls, -:;,-ith devQlo'p~ent or il*:"'egcla·~ fin-;;·nT- like extensions into the 
ccun:i::.l"Y .. r"ode i'roi:l t03Gain Ch.!l!,illels of ci:;:cule:t.ion. 

'£116se usuall~' alToe ll""l-'egu.la..r t1:19~::~~el"lles; ap.pea~in;1 cith81~ as pocket 
lil~c or cm'1crlY e~,:pnnsio11s or- fi:'1.c;:::;r lil:::·; e:-.:tcnsions or chitl.'163r li~-:e COD:r~t:ni­
c:ltions e.·,z-cen·.·li!l{: uI)'1'7urd a11 '~ dO'"':/i.'.i17u;."cl\t It if; tb.is typa oi~· n:lno:~alizutio11 
that hus gi'"J'cn 1~i~3 to the irro;;ulCJ. ... 01:"3 bodi·es cb.eract·;;rizing tta ~':asp0:: 

tru!ll':ol~ rJ{!c::'c·3.G ttc sllr±'wac~o, fiv~ h".l~dr(}d to Gaven l"'iuudl"cd feat abo4.t-::, at, ~.s.ny 
places t11e ~v"Oi~1 fc:'-'rJ of rniDer3.1izuticn is r.~o~e pl--onouflccd" 

It · IS €:1ti:..~ely posrJiblo that tl1c38 e::cp·~!n3iolls n1'1d pockets a::j 
1>;,....,-".". 1 ;'7.<> c~ ·h--;~l t:>,,·,-, Grr'> HlO lutp<! t ex,Y'c'7S"0:1'" oP all';"" th'" .,., ... U"',.....".. "lir.",""ali--.,J... .... ,;.0"... - .. -...... ... .. -h_ ...... J~ ... '-' "'.. -....~.:. .. ~J .... - ,.;J ..L . ....... -,.,;, i." '" .--. ~-<I -~ ,.&. •. ,' 

~crtiorL histor~.l. j~11cy have dcV'cl.,or;-·3d iHhc r OV'81" it \"Vas eas 1.cst f{Jr th!~ e s caping 
solutions to penetrate O~~ circulate Ol~ C5C3.pe t;Zla they extend as far an ud 
c~~complish as fnUcil as theij'" cnerc:-r mElde por;oiblc'e It is not t~nusual in the 
?.:~or~kin.;s to s~e s. 811-311 ri11ZG~ like c:Ktcr1sion die C1.1t entirolj: in its Up~a1~d. 
CX-tc11sion ~"1 t:10 ~ocl~~ 'TJ2S Golutions be~v0 g:::a1:~ as far as th(;y could. 71:ey 
dropped their 103.:1 of mintn-a.l mattEll". a:nd nothin:~ :::ore vms done alonG that 
chaTi.r~el~ 

These a~ the 'forr::s or tl.v9· m:lJ1Cl"'ulizst:lon of tho Iril1 top ground.. 
The course of circuJ.ation·of the mineralization solutions, v;hich made the!:!, 
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reached from tho dopth to;o:m'd the S\.lrf.$lce of :h~.?~&_but it must be 
reT.e.:nbe:!'~8j that th<3 presGnt 5urf::cz is i'm' cclQ'i7 ~~~.f.'D.CC of that time, 
end th:J.t nor: ':.'8 h.ve enly a PO!'t:>:;r:. of t}-·o O~~j.SL.--:.~/~~.~{:>tt:~c uppElr ?o!'tion 
hr:.ving bsen c3.rl~ied tJ:'t[8.:r by eros ~lon • "'<., ~~i""~"J. 

Thus ut one m:tr8'88 j n these rd.nc,-ali ~:od foF~~~ ~. 1;3 .... 0 eo 
simple clear cut vein or vcinlot; :':5 1;:,8 first. step to"';u~-'V~~ity \'Ie have 
the irregu~ar enl2.rgcc:cnt cl:i:.::.ne:: IE'" for;.:, ::~::';:! r.t t2:0 ct.iiq)c/~~¥~~·:,e ~,n th3 

..... ~ ... -.'l~ "'t-1n~y,."""'!!("?j"'+··"·l~ ' - n~ t".., l' ,,!'"' -~ .-) ,}: .,... ,~.::;\&,~_..,.~~~" .... J.":("\,!", .;' t.~ ~ t-.·tl 
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m",..,,,, ..... c .;._ .... ~, . .::..!..L"'<· . ... l'-n ..... .;; .• _ 0 ...... » ,,,:, 4J".:.v·...; _. ~.J . I..,.::..~,,:.>.,,~v"- 0 .... '~-y' ... "O ..... ,~,.1 

.';ir-·""'~·~n"'t",·1 rl"'D, ... "'~t"" 'Th,,,,' f'",.. ,-... ,,;,. '1- 1, .. ,., " .... ·,'·"··'·'a . .... <>",·1 c1-'~ '''''''' ''''T '~d..... t ~e<> "., •.• ."',.,7~ """'_i:)...,. .... L~ .... Q ...... '_ U-'; "J .... __ ..,. _ _ .J,\..4. 0 ... _... 'wI.,I..L.;..,/ ,J~ ,< .... ' _ ... c.;:~~ .. ' . .j'- l ,"",.~<,.A .L.4 ..... .:..a.,;4J. .. , ... ~~ _,"w.lj r--r....... _._ 
attrg,cta;:1 at.t;')ntion. No la~"',; ;" heds of d5.sse~-.i::.;,at(d. ty:x19 h~V0 b8e~1~<'~ ""()::l. 
The dlss81:'1ir:atod tyy. '~ of o!'es~ h:::':,:8V0l:, r:('(l r:.ot l.!::l:nc\,:::lQ E01L! \:'hC~iO' ~r:t'1~· ';-::'1 
bs!:a,"'e at grcater dt;y.-/ch it ic q1.::ite i.::~pas:}ible to rl~cdictO' SO~d-;:e1' ~~:"A~~~~Z~~:~ 
Doi!:g taken f·1"'0;: tri8 v;r:)~c1r.:i!16S 0:-' E.>~.r('(.:1·~ a cl;::-~ii:Zl e.:r"::-~ e :3se~1t.icl1:r -~}"" ; :."'~~"~~\.1~"~..I.l~'-r 
deposits ratl:8~ tr~an chi::.n8~r O~"8 \rci:r~ t~i::.e as to for;;:. 

f.:.ll of tl:ese are prr~8.~.i :::l.:nBrnl:lze.:ticn pl-oducts al'1d effects but 
there ;ycre rccognizG..ble stages :tn tt~is r;::ln:~~re.liz-!ltion end cb.a!~actcristi.cal1~T 
difft!rel!t e:L.rccts in tJi'l9 ~UCCeG:Ji"v"'e stc.ges Q 

"L'ne e~~r~li8st St8:;~3 -;~E S c~s2.-ntial1:t l."lon-tletall :tc e..1~::1 it prod11ced 
sllicificat:1J)n and silication a::::1 :'::-Gcry·stalli:zation of "t.rle cou.nt:'LY rocko 

Tb.o l::ites-G ""fUG rGo::"'c prD:-lincntJ:r rr~0tallic 8.l~d it r';l~o(,luccd in~ s~::le r;:lflccs 
oetallic i.mp~"'tssnat.j_ on of the COl:nt:c:r t·oc~,: bec,~·tlse of the tondonc:;t to penetrate 
these bed.a just as di':1 t~e nOl"l f:ottll15.c sol1.tt:l .()~!3. But to:=la:;·~i the closo of this 
et~lge end eSI}8c5.ally· fa.rther clistant from tl~e sottrce o~ tr)';,. }:rt.l tbe surface the 
solutions SOe:n to hatle· f·ollo~"led ulonI ~·J(;9.;{.!1eS8:·;;S ~!ld C11:l1:'I;.als or fractur~s better. 
fJ:ri.us . th.(~:f 11£.,;--0 pxoducs:d all of the fcy':::s oetr!eC!l disse~hl.nuted deposits en the 
01:0 cA-tren~e .ancl sir:ple veil: f~ilJ.i.n~:~ c:: '~'i~ :8 othel'"-, the irreg-u.15r pocket and 
chlmr1'~Y' like :r·opJ..accmDnt for;:~s "l;~icb. a:. ... e pc.rtic~larly prOmi11G;'1~~ at tlle le-J"els 
of the principal \,crkings. 

(e) Se C'ondaXJ~ Changes II 
·Co!1t!'estcd 8~ha!'ply 'Sritl'1 tl1e pl-'im·.3.t:.t m1n8Talizatioi.1. is the secon1a17 

effects prOd11CGd on. the oro.. (1'11e~G a7t·'3 chiefly altc:"ation and. dep6nd on tho 
abilitiY or ail'"" al~::l p\?'1;'colatL'!y l""s.in Y7\,:!ter to tra~src!'m the prirtnr:r ores i.~to 
very d.iffe:t"cnt prod.11cts fl~Oi:C \'Jhat tbey origi:n.allJT Yfere ~ The. particular 
proc{~3:3eS !"epres·el1ted _E.re 1~':8.ch in:: ·sna e:{idr:. t'J.~~'n and 11:r!1!'ct -; Q11 a:::d the 
ordinary alteration pro(lucts o In tee cass of sulphide ores 111. >~:rtict..tlar, some 
~e o.:~idized t111d tlissol\-rad and carried '[J'/13)-:' as sulphate solutioLs, others are 
tr&~SfCl"!7:i~d in 8ir~1il.s1'l manner eithG~~ tt: sulphate or to o}:ide 0:''' to c-srbonate 
condi tion but r~~5ist solu.ti 'Jn and re£:)'~,1a.l 11 Some of th.e r:et,sllic content rC:10v"ed 
in t11i.o :l1ru~n0r rtOV1:?'S aCTin to lC-T."c:r- l .t)'\!els a~:d may attactl itself to the pri:n~:::r 
minorals belo:? 'Ibis e.CCOwl;;list8~i -the so called second~~y s:l.lpriide er~ichJr .. ,s!1t. 
Some ,.of tb.c rn[;.ttGl""iel, dou.btless, is ca.rried. av}t~ .. y by cros1.on and b:r so2utior!s 
<md is 10s'c '0ntireJ.y" 

~r11es~3 s.ec :_:nd.ary-· ef·:t~c ct.s ~:".o .... yc:ry r;ronc·u.:1ccd in this 5ro:j.!"'.:.d~ 

L88.Cnin[s al'1d;:;:-r:1.(:a.t.ion, tb.0 to!"T;;!ltio;::. of sulp11r ... tes ur.d cxid3S an.d lnol::rbdates CI~d 
carbon~tes [r.:..~-~ obscr~l:ad as (leG}.1 as an:r o:f the ~.No~l{inzs h3.ve touched and 
m:l11'9~"ali3cd crcn.lnd. l~Qt tn'UCri er:r :2. C';· ~mcn~~ has bi~cn t~ound alth.ough there lS 50=:e 

product of' this kind; but tho ()"~ r3S 2.1~i;) changad a good do?.l from their original 
condition and assochti.Ol'l of ox:i.dIzec:l ore::; ~ith rcmanonts of the unoxiclized 
sulphide ores makes 0. mixture of: U~'1'')suQ,l cOl::plexity and e. problem of more then 
usual difficulty in final miningnnd milling., 

This iz a skateD cf tho mjno:-aliz0.tion condit.ion.. I be.V'8 no doubt 
whatcv8XO, but that the ores c::mo fro::!. tbe belo'~) t hat the:' v;ere al~w connocted 
with the igneo~s h:lst,ory of the distriet, especially the closin:; epoch of that · 
history, and that their distriblltion is best understood on the bus is of 
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structure ~nd SOUl'ce of supply as indicated above. They have been subsequently 
IT:uch n:Jdificd by supergene processes m:.d the Q'L"'C doposits as they now stand in 
the Hilltop properties aTC essentially ~ mi::ttU1'0 of pril~.r D.nd s6c()ndary products. 
In tl10 Hilltop Exte:'1sion, ·the 01'03 ore rJuch morB dG,~d.!w.tcly primru.7 with v0ry 
littls asc..;)ndary,· cl~fect 'and at an~r of "the nlaces no~ .. t cx.r:oscd in the v/orkinrzs. J •• ~ 

rVe Local DifferGncos or Cround • 
.All that needs to be: said on tl-iis to:;,ic, p0:-chaps, is included l..."l the 

following points: 

() ~ .. ,. .. ~ d W ',' e t.GJ..a1,~on 1:,0 \.l~1p9r' an.. LOiY0l: bCCiS o 

The ~est side of the ridge is e\7erYi~'horo l:::1de up of higher and higher 
st!"'ata CO:n:l!16 in a.s one proceeds s(lUthriost,-;aTd €:tcrocs the series. On tho othGr 
!-..andy t.ho 63St. side of tho ri:.:;go o!"the nOl~th()Gst Gide, is occupied by tho older 
O~ underlying beds passing a07:n to the very base of tb.e serios~ This is a 
fuudam,::;ntal dLference but a ,,'617 simple ene that holds for the whole area. 

(b) Rela.tion to Rill top Quart:,:;itG. 
A £;-tl"'i}:,': of g7'o'md f:Jl1ov.'ing 1"£d:,h21' nenT to the crest of' the ridge 

c::.rrics the outcrop of the Eilltcp quartzit8. The clair:::s tb':;re along the 
quart.zit,;; diffe~ n:sterial13r in their SbO~IL~:; of t.n2rfec:a ::inel'alizs.tion, ~d as 
f'a? as 6.::::plored, also in tmc1ergl~ou:nd dB7()lopm8~'rt of' o;:'e~ fro!:! the other portion 
or the proporties o Only loca.lly and at VCTY special !)l[.ces or spots is there 
mineraliza.tion of eno'Us"h att:racti"v8l"lSS3 to hn.\t0 encour'o.gcd l)!'ospecting outside 
of this bolt1' T"h61"6fo::-e tho st:"ip following the g-i"llto? quart,zite, is the belt 
of ~pecial 1...'1teres-C in this grou!',d. 

( .) '0",,1 ",-\-..:~,.,... ~~c-~'q~' .... ",},..: ·R · ",:.", \ C J.t. ..... _.:J. u ...... ·.,l_J. ",0 .-:'~ ..: ... VC .. ;,:l0~ r) .... ~c' _' .. ov_.'-..J" 

S~)~:1e places ar-e r;~uch. 17iCl"lf:; effected b~l' C011tCCt m'3tar~orphic ir£luancc5 than 
are at.hers in the sr:.G6 belt. B6ds of c~'d'inary limestone are oorblized at one 
place ana. not at all marblized at cthor r:laces, ,:.fhilo beds of sh.o.ly character 
are in sorr:e placos co~~plct.el~r ty,r,ans fQ~r]c:d to 'silicstes but r~tain s 'Jmc oil; 'their 
original ha.bit in other -places" Beds also tbat ~n'c blue in 80::0 :parts of the 
propc:rt;y are white or EP .. ay or Y3110":d.311 t-ihi'to in other:J. 'I'his makes it very 
difficrut ,t~otr-ace f·ormar~ions &·ccur[1tel~r but it Elust be raco£".<lizcd as 
characteristic or t118 propt)!'t.y arld. ~111o\'{~ce rIust be made for this local­
differe:ace of bch~lVio!·. 

(d) Relation to Faulted ArGas. 
It aleo uppsars that tbe CCI1tl'al PO:rtiOl1 of the Hilltop bloct: is 

so:;.t~;'~!ihCit niore PZ»O:;lj.11cntly r[rir!~~ior;ulizGd thnn 8.1"0 tl1G sides or ends of the block. 
Long ~1t:"'ips c·f grotln(l sho~~}j p~,;;,.ctiC E:.1J .. ~j" ::10 r;.1otu115.C minc;.'cl.ization even alon·2 the 
Hillto,p q1.1a:r·tzite" Tl-1is it"; po!"t,iculc::."""ly t ·:rl1C of th.o sO:..lth~:al"'d e-:{:t,ension, judging 
fl~vn nur.fac:::; e.:::peUTD..l1C6 o Th.C80 r)or-t.ions "~7h()~-c} cr·o8£Gafracturing have dev'eloped 
c~r~ fi-equently th:;".in at otl~ '8:e ~)le.c ,e~J ne'er} to I12.'vC €nccu~~[;ed f1:i!1o"L"aliz3ti;}n, 
especial1~t- -r:h3re th.e f~ractuJ:es belong to tho p0l"iod of !,fiinernlizetion rather 
than to e. subsequent pcr-:tod o Thus it. J-::':lDD(\110 ths.t local structurel differonces 
have a bOs.l~ing on localization of' 1'1icc·,'sli::;nt:tan. '.i'hose structural features 
ere best developed i .n the central portio::1 also. 

The. most important pdnt to not.e in this cOP .. l1E:-ctbn is the post mineral 
faulting I1lld the crowding out of the fcrantionn is more prominently developed 
as one passes to the nort~w~st f!largin 01' the Hilltop blocko Structurally the 
soutbeo.st end of the block is s:i.!';pl ~3. "'.Dd the central pc,rtbn is mOl'e complex 
but the north third becomes pro!.:.-r'esci~Tely st.ill !:',ore comple:::: in structural habit, 
especially with respect to faulting and crushing. Thus it happens that even 
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structure ~nd source of supply as indicated above. They have been- su.bsequently 
rr~uc11 w:Jdificd by super gone precesses and the Ol-t0 (leposits e.3 the;;, now stand in 
tho Hilltop properties aTe essentially c mi:tture of pril~.r o.1'lU secondaT"'J' products. 
In tb-J Hilltop Exte~:lsion, ·the 01'08 are r:l'.lch m02'B dc.::lirr:l"Gcly primary with vel;; 

little sec.;)ndary effect and at any of ·the places now CXI~cscd in the workings. 

rIG Local Differences of Ground • 
.sll th.:J.t needs to b8 said on Uds to:;:;ic, pel'haps, is included in the 

fol1o~;ing points: 

(8) Relation. to U~'p8:r nnd LO:1'0r Dccls o 

The west sid0 of the ridge is everyr;horo c:lde up of: higher- and higher 
st~ata. corn:l!16 in a.s one· .pr-ocecc1s sG·utb:r,;'c ~t~::&r-u c~crocs tha series" On the othCl" 
r ... :,m.d p the G:1st side of' the ri;~:ge Or' the nOl-thcG;;t side, is occupied by the older 
OJ. .... unde:-clying beds passing d.o~:n to the '\lery base of tb.0 serios o This is a 
fuudar':'·3utal dL feTcnce but a "lG14 Y simple ene that. holds for the whole area. 

(b) Relation to Bill top QUC1.rtzite. 
A stz-ip of ~"7'()'md f,)lloY.'i12g Y'8.th2r ner~j? to the crest of' the ridge 

c:::.rries the outcrop of tb:: EEl top quartzit;e. The clair.::s thore along the 
~. ~ :oe.!"'<o.... 4-" -.... .. ~ .. 4 .... CI> ~ . • 1" L~ d quartJ..zl.v€) o.:Ll1 e~ ffi8. ~e!""lSl.l.;;r l!l l;CC .... !.. S,n07!:l!1G' 01 Sllr.!. e..ce ::lne;;.' a :1.20. v~on, ~ as 

f'a? as e.:!:::plored, also in u;::c1ergl~ou:r~Ci devnlopr,!e~1t, of O;:'C~ froD the other portion 
of tbe proporties.. Only loc:D..ly an::l at 'Very spocial !il~c0s or spots is there 
minera.lization of enough attractiven-sz3 to hn.\)"e enccuro.gcd l)TOSpecting outside 
of this bclt1> Tnerefor-G the st:.~ip following the H-i'11to? quer-i:.zite, is the belt 
of special irltel"'es-c, in tIllS grou!Ki .. 

(c) Rels:ti·:m to f::e-carl:):,::·phic ROC:c5. 
SG;;:e places are !7"~uch, r H.)1:'IS: cfff.::cted. b;! COlltCCt, met·.ar:lQrphic ir£luancos tb9!1 

are ot.hers in the suce belt. Beds of o~-dinal'Y 1:l t10stonG are marblized at one 
place tL'1d not at all marblized at 0"1:;1101' l:laces, 'ihile beds of shaly character-

. 1 ~. ,. ~ 1· - '" .1. ';' •• r tJ. ~ 'to ar~3 m so:::e p aces CQ~p..Le·Ge..!..}r -'C!.~a.l1srO~r:1f::~ "Co Sl_l.Cat.:2S 01..1v r~i:,aln S'JI!lO 0":' . , •• eJ... 

criginal habit in ot110r TJlaecs.) Beds als'J t!~at al"C blue in so!:!e parts of the 
property are wbi to or gl'ay or Y01J.o:!ish t':h ito in o-chern. '.i.'his makes it very 
~ • "~"'1 - 4 t · ~. . . . .... . , .. . 'h 'd C!ll.!. ::':'ClUv . C~Bce !orm&·~:!.ons a·ccu~a'c:e!.y bU"t 1.""C ElUS-c u-8 recog-.a.:l.ze 25 

cnm-e..cteri:::::tic of the proporty and ~l.llo';'.'3.hce :rust be :::lade for this local 
difi'ere~lc0 of behavior. 

Relatio~ to Faulted arG~8. 
It aleo o..pp8ars that "Gee CCl-.:.tl'al portion of the Hilltop blocL is 

SO~~;I!(hat niOTa P2:·0~1jjlontly frri.r:.el",Stlized than are tl1s sides or e!1us of tl1.e block. 
Lon~; ~'3t::.."':tps c·f~ s.eot~n(l s'ho~,:\J p~,::2ctic :.s~l.J",J" 1"2.0 r;~otul15,c n1ir:c-;:',:liization even alcn.c; tl:e 
Hi11to.p cr;.lar~tziteQ Tl1is :1.:;1 · pnr'ticulc:c"1.·y t r l13 of t!1C sOIJ.th!i:cird e-:;~tension, judging 
fror:l Elul"'fc..C3 8ry"CGar!:.11CG " T ilC80 I)Oy·t.ions 9i:l10l'"r3 cr-os;Jg;afracturing have do,\reloped 
r:~r"e rz-0quently th3.n at otl~:8r j)1 .s.c0;) nees to hs.'ltc encc11~aGed r.::i!1e~caliz3tiGn , 
esp·eciall;r T:n3re the f~ractuJ~es bGlcn~; to t ho· period of !Tlh"'1eralizetion rathsr 
thGll to e subSequent pedod. Thus it }-~.apVJno tl:5.t local structural differences 
have So bes.l~iDg on locali~ati-0n of L.'1inc'('nli~mtic:n. These structural features 
are best developed in t he central portio:} also. 

The. most important point '\:.0 not·e in this COT'..l1c-ctbn is the post mine ral 
faulting l:..nd the crowding out of: the fcr:!.1!ltio:}s is moro prominently developed 
as oile passes to the nCJrt~w,,"st T!1argin 01' the Hilltop blocko Structurally the 
sout.heast end of the block is s:i.:::;pl~:. and the central pc.rtbn is mOl-'e complex 
but the north third becones Dro!!1:"eSCi~le11r s·till r::.ore coi':mlex in structura.l habit, 

~ .~. ~ . 
especially with respect to faulting and. crush:l.ng .Thus it happens that even 

" 
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1. p;:t:;'r'J7Y";:..,:;,0z 
'1'110 rJic:~c' :CQpiO' stl: clZl of the j',"ocl:s u~1d c:ces lla~ been based on ll..."'1 extensive 

as an 31(1 to dGtcr~i43.ti:)n arld. intc:.?1:;ret:ltion of the :nore obscur-e rocks of' the 
I-lili~top g::-Oillid ft :::c11 or~3 ~'l0,S bC8~ dc,:~c::'":11")ed. ElT:J so:ne bavD been illustrated. so 
th,::rt tI:e:T ~1.:'" 08 \::'DC~ a.s rGfel"'C11ce a!"'.l- G. ~;t~11(:~:.rd:'S for C.:'1Y future v/ol"l~ that :1:3.:' be 
dOl:h:;g 1'1:0 O~~3 [18"73 ~bGcn stu.diccl chie~~ly- fro!:l -tJ:~o standpoint1 . of genetic relation 
0:;. ... origin ani the e:~t,Gnt to "i4~hich seco:G.dary ·pl"oce3ses t'!3.v-e opel~atcd, a.nd tr~o 
~csul-tG (l.re i:~corpo:t'2.t(;d l.n tllC ex.pl:m8.·~ions an,:l ilTtcrr)t'ctatio11S throughout this 
rc;.or·t ~ 

t~11 of t11is field is p8'.~ticulc:.:rl:T tecr:11ical un:d. 3 part of it in\;o'olve3 
t::lch desc~ipticn a~d. l"cpctiti.on· v;i~~h so littln sig11ificcncc UlU0SS inte~~reted 
ill gcnor.L11 t :;;~fi:!3 ,t:~t it seC:2S ir...f~Pl:.:rO})l"ictc to i11SGrt these notes in tl1is forr::al 
rCl:;ort of the il:~.Jcnti.€"ation at trlis po5.:ct" 1'1:occ clcsc!:":lptir;ns, 11()'~::CVC:::--, 'Ifill be . 
ful~nisbcd sopr:.r..::.tely fo!~ caD·~pe.l~iS~)11 e~nd ~~o-r- c118ck.ing purposes and v;ill be referred 
to as Sp2:c.:!.cl ECY;Ol~ .. t Z 021 t128 }Iilltop Patl--ograpr1.Jl'e 

Cnl:,'" tho goncTul intfr~~prf3tation or s~lZ!~~ry, 
included. h'sre as follotJs~ 

thero:lore" 
. . , 

neens 'LO oe 

(~) P,;:rt!-'~:Trr~.j~~:.~T 2f.. ~ E:j(.!3..-:~o 
lll'tho1..:Zfl r::)ro t,,11an one !lun:lj:'cd 

detailed d~J3Cript:to!:s hrj~J'8 been corr:piled 
tll9 eS:5ez:t·icls of t~ese exc.rai.l13,"t.ions in cor;l:parati~lely briei" space. In fact L"~ost 
of' it is :l.:1VC1~led in ot~e!· J)Srt3 of tJ~ie ror:io~t \lJitih the . e:{pl~::':1a-t·ion and e3r.:eciallY 
the irrtG8 l'::'pi:~(!tati0ns thct nrc gi'\7cn at tl:cse places if For e::.a:11}le, it is th!"Otlgh 
these petz"ogl~!).phic St1ldi~)s thut 0:::,3 acftorrlines bCJrond quest,io11 tl"lat 8.,1 icifi­
cation r.~11 s:11ic::..tio~i and ~cI)l~cer.~-8:'1"t El!.ld the :tntl~oduct.ic:"l of' minJrc.l ::at.ters 
~':11011y ch2r12i~1g tl18 Cf:e:.l"actcn" of ::nn:r of tb.o pr~.rtl:try t-oc!<:s h:3.VD 03·en so prominent 
in t11i.;.s a:~6~o '2'11 e ~0St P!~O~il:3nt C011ditiol1S a::d :fncts established. by the 
p6trog.:l-'cp;:lc ~,:or·k are as follo",:s~ 

1st: 

2nd: 

3rdt 

?rle cOlnp~~:ltively frerJf: and 1.'tr:~::1o{11.fied condit1.on of cost of the 
it.'l90US r'ocks 
The extensively modified and !:lctamorphosed condition of many 
ot tl:e sediffiellt~l' beds 
'i'(;.c introduction of irm:::cnno quantities of m.::tterial~ especially 
silica frorll Dome sources w}licn \-?!c~~e not present i!l the o!'iginal 
i·ol"mations 
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... • _ J:" ore deDcsi~~s c .. s an ac'--.---02:1:-JD.l1i:.: .. :cr .. t ~.- "·+ce r:letu~ornhic trD.ns-
fOI4f.'j,ztic!:s ~"e£\;;''''i_''Gd '~Q ir:. l~o., 2 ~~! ' c{ 

5 ·-~'· T',-""" ,o"" ~ V" ""1·",.,- r." ,,, ,,_.j '" "''',,~ '" r- ", ;,a • .r~.~}, ." d·or" ~.r..i n ~.h -b ...... • ... oJ ~ •. ,.c .... '-'.'JH~_" <.,;. ••• - , lr..\.· "' (:'" ·..,r " IVt:'~"1k .... e ".0 :l.. .l.CUI.o o. 
n~.d r:l.ir:'G~·ali.zatic11 .!~htf.t h3..3 been pr-~~.~ 

6th: Ext;;:l8iV8 s ,.;c~;li.~:L::.~" 8.1t::::·2tion o~ the~¢o,~~he chief ors 
Ar~""""'r""',~ '~ p ~ "t~!""!~':M"':.'" ,'")~ ... ..;.. ~.~ n"~, '\ ~ 't"l:~ ~ ~ 'I.'-'1""!~~ .:~E _ :.r. 1 .f.'" 1":"1' "'-t)v ....... c ........ "' .>',, _ .... '-' -.~ G~ J,,, ... ,,, -'- ... C./~l.u.ra ... ~ .... ~~~i'..Ou"'. .inis 
·.,,1+~.,.."'·~-.1" ~,,··<",1-.~~ l,.,,,,,~-~·,- ~ "",,1,,'(-";""" OX· ~AT11~ ~""''''''''bonJ..·'''' ~\J"'.I. ~l.o_ ,~ __ .... .. '--': ' ..... jo,:,;I ~_\... ...... I"...Jr .. . -'...) !) \,..0'-' ..... .:. 'oJ.,!.. ..-'-.., -.:--~vt-, ,1'7';';". • :u--
o+l'O"" .... ,:; ·t·" """,,"""'","" l,,·j- 0"-' c,",.., --".,,~·-, ,~~ c" +.;c o'V ;;r~",70:;:r.l!\l1 as tl..e ...... v . J.."" h_V . .... '-~ .• ~ "' . ..... ..t.. ...... !~:._ " .... __ '-I _ "' . .. ...,; .. .!. i;J. ·-.J'v ~ ...... ..L.:.J";. - '.' .. ..4~ ..... ~.-'Vw."W'J'- .&.... \ 

.;'~on O·'~~ ·4 ,,,,,, ""~" c """·,:-> ", ::-, ~·,,,,·- "'''0;''1 "' .. '1 ... ,.,.,-. " "' .,...l-·· .... n~RA. :-~,&··"'u'·".hc4·,.,S __ -'.\. ... \....(.V"~!i "-~ .... t..~_ '-_ iJ-' .... '... .. . .J ,_ ~ v ..... .... · .. u.~ ..J..:.::;,~\. ... ""'- .. i..:v __ ~'%~~~~ _.~J ~u. vv , 

such as If;ad. scl;,hG.~e Q.;!d calci-.::J:.1 sulphate, and mo~~t~4F,lch 
;::.'" I f,,,"d 1;-'~'7b·':;"'+0 ~".' ; ;'''' c·j .,-. ,1.'''7 '-'u1 r 11'::des SilC'I--. as C~.Alt<'-n~~ ,.;,J ~:~ ~;~.:-~. :::: _:;-~ ~:~:~. :~ ~.~.~ .. :.:~ ~,~;~~ .. '.. • • ~a ~~, _'('~ 
::::>.~"'" _ ':"""YV-,-o •• i.~' 'J"".' \.." '~' .,., c, ....... ,;;.:..;;:, 6,j~.;",um. v~...,C'co~ 

All of these cc)::cl-.:::;ior-.:::,\l 8:::,~I,C' of "i7::ich vit2.11y effect the quest~6ttV~~J' 
ecttlal conditior....s !li1d r:,roce~32G ttnt b:J."~~e been opel-'uting in this ground, are 
1~ovo11:tnto tb.0 gen~:l"cl e:Ql::'!l~t o7j~ st:">Uc.~~~1re of this report aJ.1d it is simply in 
the interest of' 8]:).0:;i:1[; ths:i:' t1"'~9 r21e.t: 0:1 in tho i,"v6stigation tr..at tb~y repeated 
at. this point'* 'Ihc!:c gcr.;.~::c"i.l1 C:)!'i.Cll19ic·nc Ell"e ':TJorked irlto tIle di-scussion of rocks 
EUld th.eir c}~uange3 in oa!~lici'" SI3Ct::.C:!S of· the rer;Qx·t!} a.71d, insofar as the ores are 
affected, these m2..tte!ls are in~l~ld·z;d. in the disC"u.zs:lon under the topic Ore 
Deposits to £011071" 

. For tho U'2;t.8.:llS of cs,sc:d.ption und individu.al illustration, end 
i -nt·erprctation, therefol'e~ thG !' 8~ d.e·r is l"ei"erl-ed to tho special petrograp!lic 
no tes fCl."m.i11g ?ll:et Z of t.ha e:.:trs. !:·:/J.c;r'2.ndu!:1 to bs subI:11 t ted, a:r.d the 
application. of' the ·dete::3}.!::rtio~13 and. cO~lclusio11D reached is incorpo.rllted in ~~e 
ganera.l discuss:1.on und.or all of t110 otl1G!' hD~dings of this rep·ort .. 

(b) l)ct!"() ~7:rC'.7)lr?· o:t t~ :'2. :"~~':::l" 
Tho ores yield el20 to the :"20,'Ulm.· fOl'Tl of petrographic study. The 

detailed notes ere i .n:ludecl iL th":3 e:-:trn m·s?::10randurJ w'ltoady referred to, but 'the 
conclusions and Inb.l1'p:,'ot!3.tic!:s a!'G 8.11 '~7o!'ked in~Q this general report, 
especially a"'lder t1:10 topics ~.: :l?1 :;;~.\<}1. :1~t:.tlon and .9..r.si De1}Osi t s . 

Fo:e CGllV2!lic11CC of: r8f'2~CnGO the r;.:-i2:1CiDal conclusions fl'Om this special 
.. .0;; ... 

field of study are e11~G.r:0:;,"'o..ted hsrc as i"o11orJs: 

, ~+ siS _ .. ;;-1..1"" 

,., , 
"no.: 

3xd: 

4th: 

5th: 

6th! 

The o~"'e3 are ir~ :)ut r,~irr,ar:r and in part sec'J!lCiary. 

IYha- pr~i:-;ar~:l 0:'"'88 2.:"'::; ir~t,irlatcly p.ssociated ~:ith the t:lf-Ilcal 
l:.~)to.r':~1.1)l!ic p~-"OCf!S:C3 esp'3cially with comple:t silicates such as 
fors li.."l·:i8? {l:~~11 p:.:~essll;~6 arld tel?lperatu~e -;;ith addition of 
silica~ 'l'hus tho';' m'e :;mch associated. with silicates in sotle 
places" 

The~t also r eplr?ce rcc}= directlyo 

Th~y also PC-::'St.l"';;.te ar;ci impregnate the CO'..l..Utry rock in a01:.e 
p1ace~. 

Th8~r also fill spaces ru:d fOl'l'!l ".reins . 

'1'he metallic 01'2 J':!i!:'c;'l'als are intimately associated thomselves, 
in so::10 places form:2,ng a vo:ry eonplex t:i."{ed ore. At other places 
tho ores a~e sore simple. But theY' all are very closely related, 
ali'Zering in tir::o of: developmen.t chieny. 
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. - ...... l .. ...,~..-~v~ ,"",0....1 ~ ... - - .......... ... ' .;. ; (".:,~._ . ; •• _.:...:.'" _ • . - .... -I",-~ ...... ,t.J.I. ..... c-O're c,:>-·""o"·,· ~<> "''"' p'~." "~·1~)"'": "· ""'~+ ~. +l:::.'" r>,o,"-",""'","',..,hic tra"c 
rO:·!:J.z.tio~:s ~"Gf0:'''' i.''Gd to ir: t~o w ~ !'I. ' 'fII( 

5th: Ig-.G.8()u;:: i ",fl uo::'c2s o.::J. Sf),,:"ccs - f;~ ~:.CS)W~· the r:lodlfication 
n.:-:.d :r!.:.:o:-:'ali.zntiQn -t~1 .. 1t h2.3 bsen r:l"~tel~ 

6th: E::tt"'>"1sivO"> s" c -··<,;·b.,.." .~'1 t "~ '·"'+.ior' 0·' thP~~AA~~bl.') chief ora 
Ar~~~~~ , '" "",~,:,-~:'~:- :. ,,;-"':- :-:~, ~ .~.~ ~.,.,r'~: ~';~ -~.~ , : M" n ..... -l~"~ ... t.'"' " •• 1.:0 ••. t .• ! --'- ."-__ G~ ) " -,, ...... ;.; c"'-J, _ra" .... ~ .... OU",. .l.!1:l", 

~ • ..I. .. • - .., , .. 1 . • ,.,.. ~~,. ~ b . • :H"A"'''G''w-, ' '''. ~!rd 'r;'''~ , ,,,,, ,,,,,.,,,,~'7 co,", " 'r' (,.<"1 0-'" ,.Al .... ~ "'.,.. onl.<::"-~V ........ """ . ',," _ .-.- ... _."-_ .. __ ...... _\- .... "".i~-~ .. - L)' ~.,w_~'.J..-~ ..... , .r~ .~~~"-, <;;.;.. .... _ 

at:i.on, tiith r;"'-J:,l",, :~, ,~;,,'l- "f' c1,~,,;-!.", ,,,';·<" "'i"'';'':;c O""i~or~:0) as the 
iron oxides, ~<~,,,(~"'~~~:;;;:;;t~s ~;~h~;~· l~;d ca;b~n,-~~#~ul:~hat~s, 
Ellen as lea d. su.l;~h.c~"~0 (l:·l;j calc:..:.l.'::L1 SUlpl"'t .. ate, and m~~se .s~ch 
as lead !T..Ol:rD':i.?.t<3" ':::l:d ccc.:)r..:l:l:-y sulphides such as cr~~~~ 
a;:d r '23.ction y.n<'och:ct:3, 5l~ch as gy-pSUUl . (\v~ ""Cb ~ 

~ v~ ~ 
All of th8~O cc);-.cl:..!3ior::;;) :J :):-l,C' of i7}:ich vi t~lly effect the questi6a 610;.-'" 

actual cOl:ditior-s and pr~· cef; 3(;0 ttD.t ha .. :te been opel"ati.:.,g in this ground, are 
ltlQVOIl . int'3 tb,e gGn~::'\~l e:cpl~::~tor2l st:~~C.t~11"'G of this report and it is simply in 
the j,nterest of' sb.(}:7ing tt.'8i:" t7:":·3 r21a"t:.c::l in tha ir!vestigation t11nt they r-cpen.ted 
at. tbis point4 ti'hese 1ger,;.ori.ll c~·)r'J.cl·~sj~ ~)n~ fll-e rJorked irlto t11e discussion of rocks 
and tl~!eir ch~nge3 in o2.2:·lic±~ SI:;C't::.o::;,s of· th·e r0r~Qr·t, and, in~ofa1· as the ores are 
affect1ed, theso' t1utte!ls ai.~e in~lu.ded. in the disc-ussion un·:icr the topic Ore 
Deposits to follo7J .. 

. For the det.r.Hs of c.asc:dpticm and individual illustration, end 
i ·nterprctation, therefore, thG rG~d.er is l~ei"erred to tho special petrographic 
notes fOl"uU11g ?C!'t. Z of tl'H~ e~:trs. !:':-!J.C!\lridu.!-:1 to be zubr:'1ittcd, a~d the 
application of" the. d,ete:=:J}.!1~tio113 ana COllclusioru:; reached is incorpo.rated in the 
general discu.s3~. on ·undcl~ all Gf t11s otl1er ho.:::.dings of this report 0 

(b) I'at1~r:') ~:::r<:i.7)h:.:. at'" tt ~l ~· ~~'~::l~ 
Tho 0:;:'03 yield. 2150 'to '\:,l:e :"'et,'Ulnr fo!'!,1 of petrographic study. The 

detailed notes e.!"e i.n::!luded. iT:. the e:-~t!'D. me?':10randur.1 already referToo to, but the 
conclusions and 'intCl'l:Yl'ctatic:::;; a!'G Qll 1!Jo!'b:d, in~Q this ~ene1'al report, 
especially· under t118 topics r; :l ?1::~·~ ''11. :1::t1tion and C:?~e DC1;osits o 

Foy· C(i!lV8!1ic!1Ce of rt=;f<~~cnco tr~o p:-i!lCipal conclusions fl--om this special 
field of study are er.rc.r:o:"ated hGT'8 as i"o11o\~s: 

4th: 

5th: 

6th~ 

ere sec'J!1G.ary • 

1111G pl':li:-;2.::'~r a:~e8 3:"'8 ir~tir;..ately associated ~ith the t:rr~ical 
!:0tnr~8rphic IY::,-'-ocnsce3 especially u ith comple:c silicates such as 
.forn unde~ {l:'~:h pl-ae ssll~".e arld tfrl?tpcratu;:"e ;-lith aQQition of 
s::u.lca~ '!hus t.::8'/ m'e :;:.uch associ~ted with silicates in SOr:J0 

placGs~ 

""J.,· }'t •. S);-.? ~1ar"1 ........ r.~~~-!·';~"!l~~ 
"" _ --......J~.J tI ...... -~ v_ "- <.Ie: i!npregnate ttle country roc~: in SOl:::e 

p13ce~. 

'l'he me'callie or·::: r:lineI'als are intimately associa.ted thomselves, 
in 50::10 places form::.nz a vo'J.'y conp1ex l:i."{cd ore. At other- places 
the ores a~'e :::ore 8i!~lple. But tl1e:r all are very closely related, 
dit"ZerL."lg in. tin:o of develoI;ment chiefly. 



( ' 
\ ..... -.. 

7ti:l: 

8th: 

9~ '"' · ~L..l. 

10th: 

~ - 32 -
' ;~' .1 . ., .. , r1 ':"1~ ... r=."+ '!' ....., 4- .. " .. ' ... ... ... pA - ! __ ~",~~. +\.. 1 ,~" ... . " .. , ~. _ . ;~. ,~, l!lG , 8. ... ,",v ~ ... O",l" l :) .... ".,j .",': , / .1. ;"'-'," u~,~ L~~, ~,"e c.",.:.O •. "[1,,,)'0 .. epoch w"-"ila 
y:c"'.re~~1" ~r "'''' 3 'i ;" '"'''''o~r '''' ''' ''' ':;".'" ~~ .:(& ' ·,~+·· n~ e4 'D"'yon~ tl~e ... 1.· .. 10 ~-.... .. _t ... ..... ..., ~ IC .. · _ .. ..I. 1.'''' ..y. ' ...... ~ .. J $> 04 , ..,.,. .." ~~ ...... .... ~.$l · .... ~O Cw_."'l ..... U-" ..... ...... "... v La. 

of cC:1'.pletion 0: or e (h'p ·y;; 5.ticm o ~~ft.t..,.3 themsc1v0s are squeezed 
UJ.'1d. d Ol'a r med !» ~ .p~,o-e <>~p 

Co ~ -1..p~ 
'T'~11':" ;,>"""" ;· ""(i .~ 't',, t)"''' ~ "' 7" '" c '· ·l "" 'i ," f''''·'1 ' ) "· 'i'''' 7~~~,,,,,1,.t&1''Ion''t~o''' n'~~~uct .. ... __ _ ...... t,..,o . J~J. .... "'- .... ..! .•. _ ...... ...... c .. ~ ..... . _ \.:.,..!.. _ j '-1 ___ ' _v_v .... ~:r,~u...".v " Q ......... r"UU ." 
}-,., t .l.}, "" .... r., ", ,,"1';- '" ",~. " ~n" ,Co '" " 'r ' ,''c' "")/ " ,- 7'.. ~O '/'0 ..... t...:. V .. .I.v J., .. ... ............ -!,.~~ \.,.0._;':;':; _ .... ' v~ ... , .. . \j'''' ' .. . ~ . ..L., .... ~ ... e 'V ~ ~ 

0.,(' A/. ~ 
r'-' • " - " .. .)';~te~~ " .. ].~ C' e "~ """'~~ ! '~~: ":-''''yi t". ~"'I':-"'! .(") : "' ~ ~ c· ~ .~ r '0·· ... - "''"' i'' ;y ·-: .... 7'' G'''..., c -:::t t"')~""" O C - ~') _ ...... ...., ~ ...... ... J ... J, '..4 ..... _ .. ;..1_. __ ............... _l·) -...IoJ.. _ .' ,~ ~ ..... 7- 1.....: ..... -_ .. __ . .." c__ 1104 . " 

~.n::;~13sit8 J1 li:-::Ol;,~-:':J Co:'e": 7. ,~2. ?o ::i7-,8Q 'i.ne zinc cons:... ·~~1s!-t!r.re 
},~ .-:"1l'f') dl·~ .r;,1·r'l -;i +d""r1 T'.f\o ... · .. ~=::t. -t l'1::"j"n .~. ;" r-! l ;-"~ t'; .. :'r'\.~~-df~"" 
-...,-- .... :wJ_ .<..I ........ o..J......,_ ~ . ~ -....,; .. .. _ .. - ........... -""--":> \,\,,;.~ - ' :1~\)I~ 

. ..~,\~,,~ , 

7bc'''e l <l e 1 '> tt i ~' <: ::;C M 1,1,,·.-V c:r ;~'~ i' h'~G"'t~ but <:o"'c'ir.d""'v s~~~Cfl,J" 
_.... "'...... --..I ~ ",...i_ " ... ..... -v ... __ ~ ..... _ ... 4., ......... "' ... ~-.. ~iIir!"-.l.~~ 

e::~rich:c.cnt at J_oa s .!(, i s of ve~l little CO::Bcouence in an'i of :J .. 
¥ ~ v 

this grou11d p 

2. ~;::L"18 r'ol"~. 
t2ho "t2.buls.ted list of rJ:lJ:1G }:-"als ~f C'U::l::l i T:.. t~:5.s .c.;:.- .j~ l~:d. is given below. 

IJot!1ing fUl"ther nee·d ba sui(l sineo tl'"10 t~::.b1 0 :.:: ::01 1~-e:(pl2.n .~tGry ~ 
Wit·h :cec;ard tD o;'tj.gins 11orTc~.Jer4 9 i t G '~.:.£ht. to 1:;8 s ? id. t hat tlle larger 

nu~ber of mine::'a1 species ar c e80c;~':.t i ~,llJ.~? ~)r5-TJ:J.r~r a11t'l cO~lected either ~7ith 
cent·act metn .. zr.orphism as a:n o?'i2~ i:J C11'" ;; i th i C::iCOU3 G::cr!.·~';vicn 01'" 17ith hot water 
s:)lutl.ons, p!"obe.bl:l fro n ign~OtlS S~)iJ.;:cc~~ nr:·~ COi1t.2.Dlin:.te d by nine~:al ma.terials 
frc;m these ign0cus S()UrC!C:3 o illl of tr1e~; e o:.~i.gi::s fil"'O con:3idered so much .alike 
t,~D.t , they are not d.:i. ffej~ e::;.tiHt",d ~ I t oy form t he pr:i.r.c:':'Y orGS and they are nidely 
sep3.rated in t.he~ !t82.ning f :r O!::l t be oth;~r i.!:";p~)::~ tL::!t, grcrc.~ ot" are r:ine::"als which 
~llst be thougbt of a s due to. :Rc&t b.el"5.:1(; at t::c:( r:i-t.:h its ter~dcnc:r to d3stroy and 
alter the original £ineTals~ This l,~-tt\:;l"t Cl~rrup i i:.(;lud·3s a lurge rl"!..L~ber of 
speci:as but most 'of them a.rc not l}res ent i:.l 2ar ge cfLl£.ntit:l ~. 

7ti:l: 

8th: 

10th: 

2. ?:;1L~e~oJ.o ~~. 
t2hc ~tabuls.tGd l.1.st of nirlGrals ~fC:l:'l::l :'1: t::5.s [~r·j~l~:d. is given below. 

r;ot!ling further need bs Guido. cinco t!10 ·~~.::bl:) i s :381i"'-e:~p12n .~tory ~ 
TIit·h !"eGa.~d to O?:·j.gi!1~ h.orTcvor· 9 it o'~.: .~ht. to 1:;;,3- 3:?_id. that tlle larger 

n:;..~b0r of nine::'a1 speci.es are e8sc;~·~ti~lll~1 lJri~~~rJ'" ~ll1d. co~ccted either .vith 
cent·act met~orphism as arl o:o;oi(~~i:1 c1r \iith iC':;;.OOU3 G:2C!!·:lticn OJ;' nith hot water 
s~lut:i.ons" pl~obe.bl~l fron ign'?}Ol.lS S·)t2!:'CCS nr:d c ,::·r::~::.e.Dlin:..ted by nir.;,e:-al ma.terials 
from these igneOUS sources',) ,,\11 of tI18~~G o:.~i..si:1s al~e consider-eLl so IT!uch .alike 
t,~nt · t11ey" aI'S Ilot d:tffc1""ent:lat<1d 4 Thr::~:! f()r'm the prir.::=.~y oros aZ1d the:1 are "f1idely 
sep::.rated in t.hei!' ::r:e2.ning fl'or:l t);0 ot.h:~::- i":p:):: .. til:~t gr01.:p of ore sine:'als which 
~l2st be thought of as due to- :Ecatl:.cr"i:1C; attn(;~~: ti'ith its terl.doncy to d~stroy and 
alter the original £llioralso» This l~~-tt~")l~ g:. ... oup i~~(;lud·~s a large n"t..lr!ber of 
species but most 'of t-he::n aTe not preS'Gnr, 1:;1 18.rge q1.1£:..nti t;l Ct 



Prj.:nal~r fJ:l:neral 

1. 
2. 
3~ 
4. 
5Q 
6<1 
7" 
8 9 

9,. 
10" 
11 .. 
120 
13 • 
.. i 
4", 
15 .. 
16& 
17 .. 
1~~ • 
19. 
20", 
21 .. 
220 ,,? .... ..). 

(' 
';.: ~ .-

List or ~/iin8·(~als. 

i ~ M.J~ 
~ 

ll.r82n()I)~rrite FadsS 
~ ,T, ~.~ ...... -1 ~- t.1. C· 1 ";~je~ 
... ... il~v~ . U t,~ '-"I, 
e ~ 0' C -n~ ~ aJ...c.:t"to Jo.G\...;) 
Cba.lcop;;n:itc CU:~G32 
"r· '\ 1 ('",,....-1 + ~ T"; ,;~, t " ~r7-PvJ"" lr-.. ;~ 1., ( r:;": t~l,' ) "1 
'"" ~ ....... --:-~ ....... j ... ":' :':"':"- _.'.1 ... __ \~ .... _Vil'" 

DO.Lo::JJ.x .. e (Cr:.. : Z ) iJ03 
E~idC")'tc Ce.2(.!UFe) 3{0:I)( SiOL,)3 
t~ ·~·'(··'~··L~.L ~t"3.1 .~ 1"" (q~/)')~ 
...... ~_l..~ v .......... .,; .. ~_,;::. :,..; ... -'<.. J+ i"" 
G;::.len.u Pb3 
,J!:.n:;:er Si02 VJi.t~l i:lr.;m~i-tios 

1<'(-;30.1;­
j':,bsa 

~:~~.s~nt i te 
;Eol~r1:~d(;n,i.ta 

Picd.!J.auite 
?yr.:1~e 17'0:32 
. :·~::.art2 Gi()2 
Bbodcl'lite ?/nSi03 
... i· +- • • .... ? .. . , ., ~' ('" • r. / 'I ';\ .::ocr Cl..,:t.C J:lca .f'L:c_cU.; ;:;;,l.J"-l-)..) 

SidGritc Fl eC03 
Speculc.:l"itJs I;'n2QJ 
S:)talerite Z11S 
"":' ... ", ,.,, ,,11· Jo,,, r."'(':':;c~';'" ')? {:'~(\"'1. 
.... .... ....... { ..; .,.I_ v't:... vv.. \:.·.u .. \:', .."I " .. J..,V .."J J..oy 

'Xcl1c.stoni te CaSi03 
Zoisite HCa2A13(Si04)3 

~, 

( ~" : ' . : ': .. , 
.~ 

.:,~ "f~~ - 33 ~ ~a 
~'Vo ~ 
~. ~~ ~& 
.~ '% -'l 

"0 ~ 'P~, ~~"V ..... . ~ 
"V-J-"'1-?o ~ 0.<-

0.<- ~-<t_ .A 
)';' \J' .~1: 
~ro~, 
~a ~...,< 
°c~ ~~ 
~"'10aO~ 
~1-\ ('~ 

. OJ. 

~~;"1n!"\J'!J~ ...... 'N' :,': ~ '~Y"~~n1 T;·:....t 
~.:-<" ._ • .l" t_ .. ~ . ...... (_, J, .'1 <.,.l.. ... .1 --... ... '''' '''''_ .•. _1 ._0 0 

L. .Ab.banc11 te MnS 
r; 
.:;:.'" 

3~ 
I 
'+G 

5" 
6 .. 
7. 
So 
9 .. 

10. 
11~ 
12<) 
130 
.. J 
~}-Q' 

An~lecite PbS04 
~bu::,"ite Cu3(on)2 (C02)2 
0~'e~4~n ~",/n~\?~4n~ \J~"""'~l •• -",...-"-i _ ....... " ... )"'+ j~~ ~ ... --.J 

C~lcitG esCO) 
C :~7tr~1 .site PbC03 

8i02 
Cu2S 

CC22c3dnYlJr 
Chalcocite 
C:11orite ;:1' ;' ( i· .•• 7;,· )~~ e,"l 2 (0';0(.)"l ... :· .. · .. \" '·bJ..C :J .... 4...!.. . ...,,_1. O...J 

CrrL'2,;-s ocol.la CuSi 03~ 2Ii20 
Co?;:cr 
C'!.:prite 
DoJ.o~ite 

Gn 
Cu20 

( ,,,, ~,, ' r,..,. '(;."'I-'::: 
\ .... :. - .. '~o) U -...J . .-' 

G:rpS:"1:n Cz~.s()4Q 2[-120 
"I .. -.)" 
16 .. 
17Q 

J"as~~o:l""' ar:.d Jasp.~.1"oid S:lC2 ~ :trcn o)~ide colori!1;g 
I:i~:; c ni tc f {::2Ct3 02: c ( ~) :'!) :3 
::s.Ic.chite Cu( OH)2 (C02)2 

18. 
19, 
;w. 
21,. 

':J"-; l ' (,,\ 1"' ('.2 ('" ">'?)O t.'')O ! S:l.l.rJ!ne ~'1e . 1 ) ~..Gl'ld _ \ b-a~'~ I) ~L~ .. 

PJ-:olusito !~~02 

P'J;."'O!~OI'ph:i,te 
JU'lodo'Chl~os:1ta 

22. Ripidolita 

(,,) -p>..,c;t~' 
\" .,.; ..... ,,-... 

f,;'nC03 

23. SidcritB FoCO) 
2lv. Srlithsonite· ZuC03 
25. VanaQinito Pb5Cl (V04)3 
26.. IZad Mn02 +. H20 (variable) 
27.. Wulfeni te Pb~':o04 

(P04) 3 

.~~" .-

l~ 
2 .. 
3. i,.. 
5Q 
6Q 

7" 
S~ 
99 

lO~ 
li .. 

List of r~~inn'(·als. 

,j2.n~er Si02 '~'Ji,t.rl i~pm;itios 
~~~:;r:8tite !J"e 3 0.4-

12". ~,:olyl:den,ite i.loS2 
13. Pic5!Jonit,c 

14" 
15. 
16& 
17 .. 
1~~. 
19. 
20. 
21 .. 
2241 
23 .. 

Pyri~e Pe82 
. ::~uart2 Ci()2 
B.hodc11ite ~/nSir)3 
-::' '''' ·J..~~.LC·J..·+-~C ""~ ,, ;,i;;? O;vu." q(~ " r, /. '3 ~..... -.J...L,. ...... _'1..,.;._ .... h •• ~~ .,., ..... ,~V~J 

Sid;..;ritc · F~eCO.3 

SpeculCl"it,e · I;'c20J 
Spl:a.lerite Z11S 
'I'rB:1;)l:1te Ca(L1gE\:)3 (SiOJ)4 
~Voll[:stonite CaS i03 
Zoisite HCa2A13(SiC4)3 

L. .fUe.bal'ldi te l1nS 
2~ Anzlezite PbS04 
J~ Azurite Cu3(on)2 (C02)2 
f '"' :'1 l~" ,'~.-i 1".'" 1>.,') t n,j )" C! ~ .''\'} ,"~.~ v __ ~ ___ '-" ~.1..L_ '\ ~. ) .i.; J' ... t .. : ...!.. ...... ,J 

5$ Caleit0 CsCO) 
6a Ce:tl~,lsite PbCO) 
? Chr.1c3dr.my 3i02 
S.. C11alc()cito Cu2S 
(" r ' 1 ~.,..: + '" i.!' \' (1""';""")"- "e..12 (~_~ 'Of')3 l 0: ~1 .... 1 ........... ·• :L 10.1 0 . .. , .... J- \ .. ' . ~:J j..;...... 'J - _ " ..... 

10. Ctl1,":1.7Zocol.1a Cu3i03~2I~20 
11~ CO::;;:8r eu 
12~ C~prite Cu20 
130 DoJ.o;tite (C r::,.:'.Tg)CO.3 
., I 
~:,o 

15 .. 
16., 
170 
18. 
19 .. 
20~ 
2L 

G:rp3:'1:1l Cz~S04Q 2B:2{) 
J's.s{;o:r 8.1:1 303;-:01:'oio. 5:102 ~ iren oxide 
T .... ..+- 1-:'1' ,.~,..,:... .,..~, "' '' ''' '\'''} 
_:l~::;cnl (~C ~'(;; .. ~ \)j o~., G '" ~,J~.!) ../ 

::s.lv.chit.e Cu( Cm)2 (C02 )2 
:PSilO~Mle.!le (':) l:J.,~n02 (Ba?2 )0" H20 
P)~oluslte t·:n02 

('?) Pb5Cl (P04) 3 
PJlodocnros:lta finCO) 

2.2. Ripidolita 
23. SideritB FoCO) 
210,,, 
25. 
26. 
270 

Sr:1i thsoni teo 
V~adinite 

rzad Mn02 ,+ 
Wulfenite 

ZuC03 
Pb5Cl (V04)3 

H20 (variablo) 
Pb~:o04 

.~." .' 
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P~~nes:is • 
.:Ul interesting rc12t:i.on :1:::: :irHlicatcd b;r the paragellGsisof the 

minerals end this is bast repr;~ :Jcnte(l by· n. t&1j~.J.l~tion also. It, is not ut 811 easy 
to indicate 17bich is th'i: earlier 2r..d ~;h:ich the inter ni?'ternls for thG district 
because tr~o8'e ~81atiol:1s .va::"y S~Gsr..ih3t at dii--.f'crerit points but, 1.'1 a gonel"a1 va:! 
the tnbtu. .:::~-t.ion is sUJgostive. 

t~at~etite 

Gt~r:aet 

Bornite 

~olybdenite 

SP?alerite 

Pyrite 

Galena. 

Epidote 

Tremolite 

· ctt1~·tz 

F..h,odonite 

.mglcsite 

Cerrusite 

LlllOuitc 

S:mithscnite 

Culcamine 

Va."i.sdinite 

~!ad 

t;~alccl1i te 

GypSUr:1 

Copper 

Chalcocite 

'. 

( 
\ 

- 34-
P~1>1i.:1~~n~s1 S. 

!"-~ interesting rcla.ti.on :1 c: ilylicatcd b;! the paro~enGsisof the 
minerals und t~:is is bast r6pr0s ::mted by n tG.b~llr.tion also. It. is not at all ea.sy 
to indic.9..te r:hich is the earlicr 8,:'".:} ,:hich the Inter ni?lel"'R.ls for the district 
because tr~os ·e rolatiol19 .va:"y· s:Jrr!s\"}h:lt :::.t d.ii-'.fcre!"'j.t 
the tnbul .::~-ti.on is su;rgcstive. 

Garnet 

~olybdenite 

Sppaler1ta 

Pyrite 

Galena 

Epidote 

Tremolite 

.!mglcsite 

Sr.rdtns0 l"..ite 

Culcamine 

Va..-1s.o.init.e 

t:alcchite 

Copper 

Chalcocite 

but 1.'1 a. general ~ay 
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• !:l"l:c,~GUpli. ~:l1T[n,+c.:.I ern JO u01=,+u.:q.ueo'Uo;) 9rCl.;;1=;)GJ;dd:g 
(;1= O,ISt11-G~eq~ sa1pcq a~~c 0tQ1;sscd: 3.:<.' s~rr:s0detl G.:to S"B p:?'P"':B~S~ aq 0'+ et . ..!csop 
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+l3. -punoJ O~ S'lurLot;O ITTI2s pU'"J !)O~.!lC-.1; .. !~.r~1:p ~\I0Ir;t.:" a,,~"9 ~tUJ8t:r1=ill ~~'to aq;L 
• .lGAL~S p~~ P~O! 8\.11 tr~·l},\ pOJ;r'){rr:CtICO eq ,+UJ?1=ill ~[01=tiiil OU1z s~ 'li €ce L'-4n 

apum 1hr[:Gq 0.IU GlW1':PJ.!O!c[:;:o E) • .lot(Li ~;m:no.!1J 8ln, tq: 8G!'.IuJ'l. JO toJ:1"UO~ eqq. tr{: A!1:r.'Jsq 
·e.rrJr~J & ~0Ae!~O!{ 'es~qq. JC ~:~zcII J)~lB:;. ~.ii1 .x~:rqi-.o f:"[o"l:t?J: 8-.-:;cm q~:f.:tJ. ..!eddco fiT..!"a o'+lu 
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3. ?nleonto~ oa. 

c·:)!~1'p3..:-ativel~T I1ttlo hnfJ bc ;~n. Ui)11G r;:l.th. t11iz sr;eciul field. In m~st 
of the fO~::L~3 tions thH fOBSils o.~0 ;:1 i the·?: CO!·~!91cr'c81:~.r dsstroyed or are so ba.d.ly 
ocscl:red in their firler dot~u~~l 1-):r t~"in r~:,~)ter;,o:"p11 .:1.C ch2.J~S:E:·s thrl"c, hCl~"e effectccl tha 
j:-ocl);s tb.,!lt li~;tle c·an be m?do out of tr~er:1cr It ~.~Jo\J.ld bo possible, hov}Gvcr, to 
t:1.~;.-:8 a rrach r~Ol'e dsta 'i 1 ed sttldy' than 11a,3 D£30Z1 cl.')rlH c The !' .. ig11er formations, the . 
P~~n.nsylvc~niz.n str.:~~t.n i?l ps.rtic"t2171r ce:l~~· e consi.clcru1)1·3 f?l~J1.1:3. 0 L~any of tho 
forms ara nic!"o3cOpic b11t trln:'$8 :.l.S l:~cttcr prJf~SGi"?"l'''~ti. o~l in t Iio "upper fo;~~ations 
t11.al1 in tl"}~ ':"o-r;ei' 011r3S e Sil'lCa tho::"e is no ·cc;)n!J!~l:lc or· p:r-2.ctical apr~licatiQn 
to 'be :':~?.:..~3 or 2.11')7" gr~;\:lt.cl" deta:ll at t l1G p:r'33(~~1t tir.1-2J trl.8S3 details ha~lc not boen 
:ccl1or:0d$ 

In sf-lite of t119 ab~c";"lL'it:f of sO:-Q~2: ot the £·os3i13; hOTIevcr, 1.n tho loy,~ar 
beds of t11-8 sar ies, cert,:lil'l ho~c'i!3011S h:.-;,'\[o SUetl a ntro:ng d8~:elol):r.ent of fossil 
content t11ut tl:cy liave be~;n 81Jcccsstull:/ t~.E~c(2 as horisDl1 :n.:.rkers$ ~c or tl1ree 
such t·ads ocelli to~:;,'ar(l the Dr:.8·3 of: t:10 J'8:mB:rl\r2.~1:i'::l'n O!".::9 tl1ou..snnd feet or 
~:')r-8 b€.~lo;-:J t11C !'Iilltop qi.le~"G::iteo fU'1ot11,eT qui.to f033ilife~c*as bod of ve!.;J 
clifior'311t h,~~bit occurs not .t""Aa~ bclo~"/ th~ lrillto~p q1..1artzite o Fro:! trla churacter­
istic fossils ~~1. the h'38.~r! chert.:r 13.D8r.:2to!1C abo~~c the 11illtop Gtlurt.z1te and 
!r.:un~3rou.S noriZO!.t3 l:ighcr in t128 s0r:.os~ t!:c Ooze bf tl-!€1 sericn is fully cleter:nincd. 
All of th!) fOS3ils t~:~t 11:J.v;~ becm identifi:=Q cmlld cGlon,; to the Pennsylvanian. . 

~\he follo,dn:; hwe bC'211 id.e~r::ifi'2d~ una. in tho tabulat:ion the a;:e range 
01 trlem is in(lic(rt.e(l as rccos·nizzd b:r .Paleontologists. lIo further special 
attcnt,icn SC:7;ms to be nOC~,~S~3.1":T ~ Typic~l specir:::':1S to b<'~ used as stan1ards 
r.;.Q\rc been le..belccl r.:.nd .left 0:]. tIle Grom:c1 fer cor.~paTiscn" 

Core.ls;-

Bl"a'clliopcda:­
Fr oj t~. (rt.113 

f'j:"ljdl1C-G11S 

"'".c,; .... ""+ l' "" t, 1 ","'I ',<" (~'''.,,.,+ ~"-) .• p""1"" __ 1"._"::r_'·7 2'l"1ian ...... .... 1. .-..-<1. ( .. . oJ ' . , '-r_C", .J\~;;-.v ... ,~J, ...,..t,. ... .I. _... Q_ Y _ ..... ~ 

C08t,~ .. )r.:D.~~ (SO~'lCl-.b:r) ?er.tr2.s~rlvanian & Le Perm.ian 
ar~78r:':;l88. (Sb.er;ard) Par-illsy"lvanian 

G~stropod3:-
r21:r-~on '2~'=l cr· 7:Jltlcns7J2t11J1L 
.st·j~~'D .?~1""Gl111 .~'; JJ1I11Q1J2d.;~ 

D. r:'b.~.Q.;:Q. ;) .~~~; 0 3 i te~. 

PG!l:~sylvCln:l.al1 
( iJeeir IS: 1'/oJ.~trlei1) & Per • 

l '.c.e OZ'83 of tn;: }Iill top al"'e~ dcp~~:nd :"01'" tl1ci~ ~hi~f, Vs.l'tle, in the 
I-rill top and Ej 11 top E::XtC11Sio!'! gl~O~:.17:(1, O~: tl:o 10[1(1 and sil'l~~r contento The O~B 
t1iJ."lel"'"Ul·3 aTi-; 3 11Givcver, of cons idc!."~~bl:, la~['gcr 1'"8.11CC incluii::f~ iron, zinc, molyb(ie­
nit€: en!:i copper r~'ith ffi'Jr-G ral~cly other 2·3~alz., !.'I oz~;;; ,..,f' th~se, ho~;svcr9 fif.;..lre. 
heCo·Jily in the cont.rol of .... 81u98 in the GZ'mU1d rihorG c:cplo::-ntions are being made 
u:n.les3 it is zinc ?IhiC11 l!'!iaht be c(,)TIoi:.J.r;rocl yyith tIle lead and silve.r. 

(l"'he Ol~0 rrri11~rals a~-e vliclc13T d:~str":lbll.tG<l end sr:.all c:tounta are found·· ·at 
occasional spots thl""Otlgnvut t11·3 130;;-1.;)8 of fQr!~ctio~.9. ~at cr.J..y those pl~ccs 
dos~rv'G to be regard.cd as ere depGsits ('i'" pns8ibl~ o~"'e bedies ~hers thel'O 15 
appreciable concer/c:ration of the r:-::stallic !ilin81'nls. 
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(n) 7:r;.:: :: or DGPo~its. 

TIlG follo-;-Jing typos "f' 'J ... clor)ositn SfJould be dlGtb;:u i ;;~; 8c1: 

1. The V2in Doposito. 
Soc:o ot' tho o,'os occnpy fl'act~~ ir. tho country rock end the OCC"-'"rence 

• ~'J'" J..4t _.. ". • • h J "" •• f'. . 
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'1 . ~' " ,. ~ . , ~''Ji!J!d" 1 ........ snc. ...... c GOrl':)S, :JO·C,:2. aoove <;11::'.::' ~")0l.:Y"~} ·C·t:8 q-:J.a:t"t,..': r. _ .~~ ) • . ~~ .... y ccpnraiJea 5pol..;G. 
m ...... :,,'1' ~,~.~ .. .. ~ '"'j i .... :- *,,:~...... . r- ....... .. ., .~r-? 1 .... .1 "":::: ~ol!Y'J""II ~~"':-." ~ '; ',", :.Q.-',.") .~. .:.'J.................... . b " ci" 
.. i .. 1:: .. ..... r . \..fo ..,. .., .. .,., . ...{r_. __ ~ \ . ... ,, "'-1. ;:;[..::. co . . , . ~);J.. '"'i . ..,---. .t;. <:';::;·: ... C~ '"""'''::'':' ';' '". ~ f ~.J.." ·.:d,.LGI ~K':. s,. n \"f"l:.~y llJ ,!ler. ,,.., 
in~" ,-'!:\~··e ::'!~ +: ... ......... ~ ~ .. ,. ...:;; +'hc "O o;'l "~ ...... r .~~,.,-!") l .... 1 .. ,""'1,. r:r")"'o;,.,1 .... ""17 .:" -)"'-1 "<." C "1~~1 . ~~l~~"""'f'j"·r.t ~J.·t'h """\1Ql"'-"). 0'" ....................... '"'''-"' I- i .... :.:._·_ oJ_ . ..... -,'-l. .JV v_ v ... .: _ _ ._ :-..1 . ......... lJ '-t \",.' ."," \I .... ~"'J.,;.h' __ ~j.t 110A '~'\:; ~ ....... 1 t , ...., .. 

1('.><"~ co,~,,-, - ""n·4 s ·· .. "-!-.; .. ~s to. rf')"'~ ,;)·, - 1 0<-' .t "l--'- .~ " ""um ~f'l 'A. .'J ,~ -~ . .;;.:; ,,- j-<:;;"~' .,.,. ,_c,,, ,-,~ .. ,,<e; . c; G' v·...l , ..... ~"'..... - •• 1., ;;; ",-",,1 .. J.. v):-iY.~s.~v.~Jfz. 

2~ Tho D1z:sesin:lt.;:;d Do')cs:.ts. ~'3J';A(~ .~ 
;\+ ;'+1" ."~ ~,l ~, c'''' c: +},,,,,. o~'e ~'i"'·"""~'l", r.: ... .., ''!l"",t",·'l'Ol1+·ed Pl~O""C" j,p":'\,;. l7ne"'-se~ .. _v 'J ~ .. .I.' .• _ ,_,_,_ ....... _ -oi.......... _ ._~_ ... ~ .. :..1,._ .... __ ... ~ .... ~ 1.,1,. ... _v __ ...... 0 ~~ • _ w 

in til,:; rock of too little Fro:.:dr:.8l:1Ce to npi~cnr us vei~s but still ~~,~~/ 
i;::}Fortnnc0 il: ccnt:rollih~.~ tb:; circulation of rr.incral b8arin£; solutions 'to guide 
th'3 dist:-ic·tltiQ:l of ere rr:.ino:::'n15 alor:g thGse lines. ! .... l-:is leads to · o~e fom of 
diG:',eminat8(1 dopo:it Q It, is v:ic1e.ly reprsnented but is practically confined to 
csrtain beds of the ~eries from tIl l") base o:t ttlG })lock up to and includiZ1g the 
Hilltop q-.:t3.rtzite~ In nearly all Cilses the amount of disseminated ore of this 
kind is very eme." indeecll/ and 011 that account EQst occurrences cannot be 
regarded ~s of any ecol'iomic irr,'portance o But th~ typ.s is represented and it 
is possible t!1nt a Greater c.cncentratio:n. o~ce rnjl1Gra.ls occurs in oth l3r pOSitions 
~1>Jhei:8 tIle seri83 r:::l:r ha'tlc been S11bj ccted to t1-~e mineralizing processes under more 
favQrable conditions. 

1'bis shot:ld be called the dissen:~lnB.t0d. t:r:pe of ore a.epasj,ts~ It is 
repl~esent,zd at a gQ'od tntzny pl2.cCS l.;llt i n all case.;] thus far SGen en . a 
c:')mp.s.r~tivcly sr~G..ll sealoo It, is. pro1;~:tbl~l best represented at cGrta:i.a""! poL~ts in 
the IC;~SPC\ l" T"t.::.::nel, c~11d at t~:o or' three POi!lt.S or! the l /o2od Lilly· and Eurei:·a clai!!.S 
of the Ext~nsi::n g"".l"'ou.nd. The recent 1Jo~~k in the E'U!'ekc. tunnel has been prose­
Cllt~d 0::.1 t112s lcind 0::' deposit. 

On t I10 \1?~Gl·o this 153 it s~erns- t :~ n~e1 a type of tJ~e occurrenC'3 of 
consic.8r~.hlc intCI.··\:;Gt il1. c(,:nsld.er5..r;:g tb,e fut.ure ber.l2lvior of the n::L"'lel~alizcd 
gro't1nd. .~t points ::ot ~r~1t opened b~;r 6x~plore.tj. cn. 'I'11e oppc"rt:)~1.ity for disse=.i.tl~ted 
o~re clepo3its is p!qocably better TIith t.:lep tl1 tlla:n ul'!der s!}.=.llo·t'Ier conditi.on.s but it 
is q"~litc i ;:~possiblG to saY"Y:lmt the e.ctrull p~ODP2CtS are. L~ a !,;enor.E.l ~f;.y, the 
rl1.le 1vill prDb;:::.bly hold in ~ost dis tricts tl:at dis~1 c~11ir~s.t:tOJljJ or the 
irltrcd,-!ct,i0r~ of· nrir:'81:~~~ 1.!"'.tto the body· of' COilr!t!~y l"ock ls i~~':pl:oved with de;::th 
esS":ecinlly oj ::. t.h,e depos··it·s near the; 5ur:f.ac ·:~ tend to confin~ ther;lselves to f!"actures 
arId ve:Lns end ca'f;i-'~i0!3. C}n this ncco::nt <.~ diGsenrinuted type is cr:e of the 
zPGc~llati·v8 fee..t1.l1'eS of By'}"Jlo1"atioil in de;::lth .. 'Ihis type) !!lE(~l be dev"'eloped on e 
l~·:;.rgc!- sc2.1o il'l tile deep'£}r parts of t he g rou.lJ.(i than it is in th\:: sU-:Jc::.:-ficicl 
8:11d 31:a110;J Y:Drl~ins;s. It"., at tho sar:1e ti rne p tr .. e miD:~:"al CO!ltcnt is conc6ntl"ated. 
e.1011g cc:ctC.:1_l'l limit'zd beds rathcr- th&ll pro~~,iscuour51y scattercc.i, it miLrht bccc!':iz 
u vcr-:l 0ssentj.al factor in "~.l-~ a futll:-e 'bc!l[tv"'iol' o:t t!10 ~1:lne. C :')ns1derir~; the 
i'8.ct., hO\':G"V'::r, that t.he o:.'es are more or less e:1!:plored to a considerable tota.l 
depth,. the Pl-o!:1ise of' much improver::.ent :1-'1 this respect d·')es not zecr:'l to be Ve.r:!_ 
greut. 

3. Chimnoy lib::: m-:td Irrogu.lar Replacemen:t Deposits. 
A thh-d typo of n:;j.ncr-al OCc .... u'l ... ence of: ore deposit is essenti:lJ.1y sn 

irrev.:tla::- bunchy repJ.r..cement of the countl""j' rock ' n~'t confinod to fractures or 
cp.()~ings enti"rely, nI1\1 also not s])'rc(:-tding widcl}' 01~_t into tIle for!:ations but 
differing from both the:3o two other types in · replacing the country rock. The 
proc'9ss represented is largely metasomatic replacement. 
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(a) Ty; ~ : of DGposits. 

The 

1. The V~in D8posito. 
So:::.:; of th~ Otos occ1~=)7 fr:::.ett:~ in tho cot:.nt::-y rock and the OCC':)l"rence 

~ ",_. ';;. "'. '"J.oC. '."~c.;~". _'-'.l- .. . ' v ... "',_ ," ". ~_VII <, .... .., c. U. _.J.J. <" ,~ ~ __ _"' __ '-'-'- __ 
_,,~ ;..n~-·::'I.~ I"""·';":') :":J~~!-'·I""J,.~n'"'l1"r ("of" 't"~", T" ':'",{.,-..r. ~~:-;'M J. o"'!( .. '· .. I" ............ ",.... a'~e t.·.ne cr' 0"'.,$ l ..... ·i ... !ft':~~y· •. ~ .... ::. 

,,'" _~., «v" __ '-,:" ", ... ;' •• __ ~ ~-t) ',,'-''-''- v",", vv ",-, .", ~. • ','-J .,:., _~u,-, .... ,. <;. c;,' '"" _'" J y " ''''l··i'''O c"t,'-i~"" .-;..", ~illf· r.~ ,.","'.~ .. _,{4 ~ .. ~ '" ( ~.,-~ ... ·ll·f"r~ ,-, "T .., "'('or1 ."'!'1.D7 T.,.'O.,l.",.,.,l-,9 

f::,-,'G tl:,::; 31c.c:c3"ii th ~hop 'fur.;:? 1 ~ 'i: "'G~:~'a!'d, ~?V~,~, -. '0 'Ln~ t.h.'l t C'J. t th~ Ibestone 
sho.le oori-33, bot:;, aeove 8.1::1 ;)01.:)':.' ';::1':e Oi.l3j:':,.~~ , ,'''ly SG1")nratea n~()t8o 
TJ~0:r u~u~":.:tl:·r \;:1r=y ~ CQ~:;, plQ';' 1(t 0.c1 zir:.c ~i:·:,t ~~l ~~~ ~x. : n thy 1,1Pftf-)!:" beds 
,)Jh,"""C'o,,= t,.-"·' "",·,,:; .!.:~'" '0"''''''' Ool'" '" 1-, ,,, ;-lr,~1, "",.-.1, "~ lV""" c ~~h:,l. ~i;;.-,-0 ... I'I '''''' ~·lth I'''OT',~ O'!' 
•••• -~ Cl.~ v,",','c:._'_ ,,--- ~~ •• 'o v_,~ "'.- '.)~'" "'ou~~' --'j''' :)'1''~~~''11U~'-P'''~. rf.;';;~L_~IA··~s·.~'· -:Z"" --
less COFp<3;:" and scr:,Gt5.:r:2S a [pod dc~al - u_." ~-'-'.- . ~'''''~:AY.,. ~~.:; 

_ • " . ' '''''l--~-. t..'''-.1.''DU'\Jed~alo~!'o_-:··;'r~L'~_~,'~~, ,·~~.e",-ses 24 The Dizo:::esin::lt.eQ Dapcsit3. ~',._,"~ _. ~,~"'~-,_ ' .. " 
At oth .. ?r j:;lacGs "':he 0 ':" 0 ~:.ir::::!"als a::;o 

in tha rock of "Coo IHtlc F:~o:;:ir~3nce t,o appear O-:J veins but still Oi.'~~, .. 
iwportanc~ h: ccntrollinz, ttc circulation of rr:in'31'al b8llrin[; solutions' to guide 

.. th'3 dist~ib1.1tiQ:: of Cl"'e minorr:.i5 alor:g thGse lines. 1"1":i3 leads to ona rom of 
diG~.e.min:lt8~1 d8pO::it Q It is ~icl31JT rsnlo"w"3:1cnted but is practically confined to 
certain beds of the series fran tllr';: base oi~ t11~ r)lock up to and inclr;.di!lg the 
Hilltop quc.~tziteo In rl'9::lrly all Ci1ses t}l~ 8'i110unt of' dissemin.atcd ore of this 
kind. is VeX'Y sma' , indeed, and 011 thut account !!.ost occurrences cannot be 
!'2garded .:;.s of any economic iu-port2.nce o Eut the typa i3 r ,2prcsented and it 
is possible tbnt a great.er c-cnce:ntrsatiO!l o.r'e mjl'lGr8.1s occurs in ot11\~r pOSitions 
~a:'ter8 tb.~3 ser:i ~~s ~~y have bc~n S11bj acted to tlie mineralizing processes under m~re 
favorable COLditicus. 

l'bis chot:ld be called the disssn:1nB. ted t~"'pe of are d.eposJ.ts ti It is 
rer:resent.,~d et a 2~()~od. tnany plr;.ccs b:'l.tG in s.ll Ct:St) ,s thus far SGen en a 
c:)mp84""ati'lcly $r:1:111 scaleo It is. pro'tabl~l best rer)rcscnted at c3rta:L~ poL"'lts in 
the K~spcr TU:':n:21, 8.nd. at t V{O 01-' three POi!1tS on the I;cad Lilly· and Eure1~a clai~s 
of the Ext~:nsi:m g.c-Qund. The recent VIO}:-}: in the E'UI'eKC tum:Gl has been prose­
cuted Oll tJ1is lc:i.:t::.d G:" deposit. 

On tl10 \l}~;.)l ·o this j,Sj it seen}s t:~ n!6, a 1:ype of t):-e occurrenc'o of 
con~io.8r·:;.blc irrtC::~'::Gt il1. c()nsj~d0r5.ri6 tile future ber.Jlvior of the n::L .. ~era.lizGd 
grot.1nd. ;~ ... t pOints 2:ot Y~1t opened by 8xI=,lore.t:ion a 1'11e OPF()rt1)i1ity for disse::in~ted 
ore deposits is pl"ocably better ~ith l::leptll t:han ull::1er s!}3.11o'':!er con.ditions but it 
is ·q'\.1.itc i ;:.possiblo to saY"'l:lmt the ecti .. 1/11 pro!Jpscts are. I:"l a k;6no!"~1 TI~y, the 
rule lvill p:ro1J~~.bly hold in Eost dis tricts thait dis~le:11ir.:.s,tioll J1 or the 
illtrcdt!c "~icin of 112iI!'or:;us :tr:.to the b0dy of' c011nt.ry l~ock :is i~~':pl"oved with de;,th 
es.z:ecic~lly ~ (. .. t.he depos·-i";:'s nea.l" the 5ur:fac~'3 tend to confin,";? tl'lE;r;lSelves to I!"actures 
and Ve5_!2S end cavi-'Cti0~. O'n this n.ccol!nt c.\ dj,Gse~i1inuted ty.pe is ene of the 

~Ti1is type 1l1a:y be developed on a 
l~·~:rgo~ SC2.1a in tllQ deepor r!al~ts of the grotu:.(i than it is in th,~ SU~Ja::·ficial 

821d sl:allo7! :-~·ol"l\:ir.~; s. If', at tho S2..rIle tirnc, tr.e min·z;::"s.l CO!1.tcn t is conCentl'u ted 
along cc:ct£.:Ln lirr-:it'zd beds .rstho~ th5.11 pro~:iscuou51~/ scattered, it m.iGht bGCCr:iZ 

a VCl'-;;"r ossent:1.al factor in ~~, }-;. e futu:"'e bchav~io1" o:i." t~1e rn:ine. C:_;nsjderir~; the 
f$.ct, bO\\-evJr, t hat t.he ores tlre more or less ej~plo:red to a. consideT!lblc total 
depth,. the Pl-or:12se oi' much impro~ter:ent L'l this z·espect does not secr:l to be ve.~J­

great. 

3. Chimn~y li}:e mid Irregular Repl~cement Deposits. 
A third t~1:G of Idner'al occurr!,mce of ore deposit is essentially an 

irl"esu,la~ bunchy repl<:cem·ent of tIle cou.nt1'Jr ~cock 'nnt confi:ncd to fl"'actures or 
cpC:::lings entir ely, nT!\"l also not; s!)!·eading widel}f Ol:t into tlle forc:ations but 
differing from both these two other type::; in replacing the country rock. The 
proc'Bss represented is la.rgely metasomatic replacement. 
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TOC}: forlli5.n6 cl(,:' r:~; t~:; t~ C:-:' ~i::~ f:: G ct ¥:22.!·.:!J.BSSCS tllE!t i·~orr.J che.r:nels c~~",ee.p~e · 

fer ace. che!'l'!icnl attack D3T the e.sc7~;<~ng soltrtiQ~1s. ~/.~ \~. 

chimney 
countr:r 

This tY:>G of Ql~e ~lcp()G:' t i.s CCy:,,:p.:::":! t.i v-ely co::r~O!1 in t~~e l!il.J. top 
~O~. -:"',., · T+. '1~ ""'f'~1.q,+.·il"-'11::,-· : ... 1 '\ Y f~i"'G '~ ·i1'::'~';' -1n +."h~ P".J..~li +,o-;"". c~~c;·· ... +~;t.P T;;-h"'T6 -1+. G·''hl·b;+~: 6.1,. ~-.o __ ...... \-1 ~o:,...:. .... "'_ ..... _ ..... ~_ ...... ~ -~ I,.l ....... -- ..... v __ ........... ..., ~ ... __ '-If ~-' 1--....... "" __ v_ ., ... ~ ~ _""" J\,..j.. _"-1_ . 
ever~Y' rJ<~ssib18 crt:ld.llatio~1. il: :1i~0 a~d far11 an(~ ettitude fr::)ffi s~imple . s::-lsll scattere:~ 
bunches tn.at lie in· any . r ·Qs:.ti:-.i:'::' to .fi:'1:.;;or like p~ojections -and large irregulul" 
more 0:'- less v8rtic!l1 s"c;::ndl:ng Ch:'::rc8Y lik'3 bodies v,hose extent is !let fully Jet 
€A?lored. . 

4. Secondary Deposits .. 
~\ f01.1rth tyt:e of a?:c :::0'Jor:=:lt is th.e secc!:ld~.ry cnricb. .. ::ent and 

q1t",.,....,t,';on tJ"-DC v:1".-1ch" dnn8'- '-'l ~ i'· . ...,.,~ · ~~ .. " ,~l,,, .,,..<,C+c",,.. on tbe D~"CDS'" ~ot .iP oy)e .... ation __ ...... ""'" - - ,. .~ __ ... • ... .l ........ _'-" ........... - _'w'.-- ...... ~_ .... __ v __ \. . _ ... -~ '-' ...... _ - ~ -- -

by 8Xl:)OS11.t'C to tll0 iHG£lt.he!'ir;.g, e special}:r t.l:~ attack of air e~d w:;.tsr with tl:cir 
tendency t.o 8.1 tel"' t·he cl"'igiZ':21 r1in:~.:::·aJ.s dE.~st:-oJing S0:CO of ~hG:: v~hilo dC~loloping 
oth.'3ra. ?~1~)st of · t:-~e trti~1£ 7'2l ;J:)posits 1:1 the l1illtiop qtl!!l .. tZ:tts are rr:O:"e or less 
modir:i.~d. in this me~1.nel~ D.r';.(~ Dho~~·; ' ssc':>r::.:l t;.Y:i ef.rcct~ to 6.S gr8::::t cepth as any 
explo:;:oat:lon hf .. S been ca:~:.~ic':' t hus fa:::' ~ L-; nuny places, howover, the pri!W.r;,r ores 
a::"e stz--uct-:.lz-nlly too tigh~ t~ pcr=zit e .~s~f penct::-ation of sm·face ~atGrs and they 
th8rerOrt~ rf~sist this kincl of SQc ":.· nd~l!:.J cr:(.1nE~·c ~vith considerable success. It 
thus hep~~;ens that tl'~c' dissoc:':r:at?2d ore!.: as .(l t~7P~) are net, t -lllch effected bocat:se 
ttey l1.E: 11') .. a t ,igl1t cr~rst3J.J..j.LG r:.iat:1i}~ ..... vhi.cl: dOGS l"~ot enCO'-lrag-e (1)u.n.d.ant cir­
¢tllation¢ p~t .. , r;::.!.?~!'"i.y .places al so tte Wvei!l t:r~JC5 l-"esiGt t1l86C ct.an.g·3s v:itb l:1.od!; ~' ate 

S1J.CCeSS e.r~d a'~"e rlQt a s :-it.lcn erfect.zd ~s the c!~li1"me~r type. lhe difference is probc.­
bly clue to the tact t}-~.at t h CS2; ~leir::.s arc.! ·f.!a(lc ill') of a closel~r interlocked 
cj,"'ystaJ.line mat:-c1-",{ of metallic c:.r:d n~)l'1 !":1staJ.lic SllostunCGs \7!:el"eas tho chic:noy' 
type is more 01~Cl1 tcxtu:.~ed~ Ir.: SO:T~O places, the;~efQre, the ore bodies resist 
tll~~ wcath.GJ::' ar:d c21ec1ical c.ttac}:: :::0 ·~:!cll tl1at f:ri~ary O~'C may e0 socu.red quit~ 
near or even at tb.e vf/ry BU1~ff:1cG. 

-;~hei"'c~ler the Ol"'8S occ"C..~ i:npO~Cl:S rQc :·~, or v;:l:crevG~ sttbscquent !llo't;e~~ent 

has -r;~'Ea},:enr.:d t he stl"'dc-ttlrG ~1:·J. 10ft crL~cl:s so that the Sllrf"e CG \~;atl::1--s could 
ci~culate an:} t:l.~e:\:;~;:c!: th~ stri';C-~1;.rG ~;f' tl:c are i":cself '\L?as COOJ .... se e::louc;h or 
pOr01..10 enGl::gh 0.:'" of. ~~). C:l a cQr,~.;:'Qsi t, ion as to Cl1C Ciul"a.ge triC proGress of 5ur-face 
ettack~ a~d. es .r:<~cia11y in place;~ v!hsre ore depos:i ts ol~ tllis kind stal:d n::urly 
,rG~t1.cal ~o that dO~J:c~:·ard Cil"'culntj.on of tvat;;;r ~·ould r;ass fOl'" long distanc·es 
through thera, there tins bee!1 S:)CD11:J.:':!:~f a.lte:t-at:.c-n to great d(:;~·tbs ~ 

The altGr<'1.tic!n nrocesses :z-e;;?csentecl rr.a"T be cQD:nrel1snacd un·~ler the '·" .. _ ......t.. 

t ·erllS oxidntton.., J. (; :;.t;Jijr1!! 'i the forni!lS oi' .':lcid 'i;:!·~tr;rs , tIle ch5r~ical at.tac~~ by 
tl1ese '"iiaters on 1.1.nta~~'lyin :~: 01"'03 an.d. rocl':fj, the clestru.ction 01~ r t:-mov,?l ()f ~ 
of· the n.r'es, tb.8 de~Jelo}!:~cl':.t of-' n=::·~:£. ~.::.p\.~tld0 o·ut 0:"' I)al~t of t11G ca:,: :·rial flild tl~Q 
.r£2~cnt of 3:)!';~e td.l1e:""als by otl:'0TS alo'ng the course of theGe do\·~nlt;crd 
circula-cirJg waters. Thus In SG!:' e pl,::,cc3 the Ol~e is porous, more porous than it 
cl'igil'1..a11y was because of tte remval of SQr~e of the c::mstituents. At othor 

4. Secondary Depoeitsli 
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~\ fOtlrth ~:lpe of a ~'c :::0pos:l t lS 'Che SCCa!ld.~ry cnricb..~ent lind 
alter3t~on t~r.pc ~~:l'lich dQ}:';J;:ds f·~r~ its cL:c.racter on t11c pl~QCeSS S0t .l-tl operation 
by 8Xl)OS11r"O to t110 'HGo.therir:g, especiall:r tl:e attack of air ar:d watsr with tteir 
tend.cncy to alter t.l18 crigi::::l r~iY1:::!:a:"s dE.~st~oying sc-:cc of :'hc:; v.~hilo d~vGloping 
otb.,3ro. !;1~)f!rt of · t}-:0 tni~18?J~1 ;J::JPGsits in tl1e I-I:llltop crJ~trtzits are :::o:~e or l ess 
rnodir:l.~~d in this m.8.l'nel~ ur'~(! she)"; ";" ss. c·:-r~dc~=C:i off\::cts to liS gr8~.: .. t cepth as any 
explo~atJon bf~S been cS:"'::'''ic':' tl'.:.~J.s ra~,; L'1 r:runy" places, hOfro'ler, the priL.1!ll"';; ores 
a~e structu.!'ally too tigh:' t8' per:Jit eas~;! p0nct~ation o.r sm-fnce it'ators and they 
th0ref'ort~ rb~si.st this kind of S8c ---::nr1~1:r7 cr.-~(.1n _E3"C 'fsitll consid~rable S1J.CCCS5. It 
thus hep;.:.ens thCit tl'~r~ diss ':-~D~::at!2d c.res as n. t:rp·o are nc·t ciuch effected because 
ttey l :tr;: in c. t ,lgl:t cr;rstalli.r:e r:ie.t~1i:( ~vhi.el: does l"!.ot encourage abund.ant cir­
¢u.lation(t P;..t. __ rn~\!'ly places also the "\!ei!! t:r~)C5 l~esiGt t,1'~8SC cr.-fing-3S 1":itb :.1od!; ~·ate 

success eJ.'1d a:~?e 11Qt as :?iu.ch e.rfected r...s tile c!'limne;r type. The. dif ference is probc.­
bly (lue to the fact tr!st thC:58 --veins are I:!a(le ilp of a closel:r interloc~~cd 
cl1ystaJ.line matrl-,{ of metallic e.r:tl 1181'1 !":1etaI1ic slfbst!l!1ces ... qhereas trHJ chi~inoy 

t:l'·pe is ffiore opell tcxtu:''':';Q a IT..: so~:o places, tlJ~'::~efore, the 01~C oorli6S resist 
tn'~ woathG:r" aLe. chemical ::tt2~c3~ ~J 7:011 that pri:-::ary O~'C may to sec1.tred quit~ 
near or even .9.t t11e very surface; ~ 

;'\hO-l"l0'ler th~ Or"'8Z occ"C.~ irr:;o~c1.:!9 A~QC}{, or l:.Ji8r'eVG~ suJ)seqt:ent rr:.o1;;e~~ent 

haG -r;~f(;a:(ened tb.8 strt1c-t~lrG ~1:;1 lc!"'t. cr'2.cl:s so th.::.t th~~ s1..trfecc \'.iat,s:l.--s could 
ci~culate c1.nJ 7~:l-.~c~\~?cr tl:(! str1..!c:'l:l"G Gf tl:c ore itself was course e!1Gu;h or 
pOr"0US ene'ugh 0.:-' of. z;uc~ e.. CQ~.".;:0si :~ion e.s to Cl"lC0111~age the pl"ogl·6SS of sur-face 
etto.ck, ar..d. eSI>"2cially in p}:1ce;~ Y1l->3:re ore de-pos} tiS 01'" tliis k~n·j st2.r:d n:;n~~ly 
\"e~t:i.cal ~o that dO~r.;~:Ilrd C il~culr~tlo:1 or .;:at~3!, ~1-Ot;.ld r;ass fOl~ lon.g distances 
thr01.1gh theIn, the.re l1as bee!1 s~cc:rL}3.1-:Y alt.el~atjon to great d(~~-tbs ~ 

The altGr<'1ti()n processes l~ep?esente\l r:a:r be cQn~prellendcd un·~}er the 
t ,crms oxidntj.on." In::..t;J:j_n!! , the fermi:::; c>f" flCid 1;:!·~ters , the chert~"ical attac:{ by. 
t!1ese };aters on c.nde ::)l~f:tn .~ 01·03 aD.d rocl-~~, tlle clestrnction or rt:?-r~1ov,?_1 0f ~ 
of: the nres, tt10 (le'f/elopL~cr:.t of !'2::."':£, ~'Ul1df) out o:~ pUl~t of t11G r.iD.,1.:,." :· r.i.C1l B.nd tl~8 

mglac0:?1cnt of s:)r/-~e I:1ine:"'als by oth0TS 31o~~g the course- of tl165C dov:n:1.:t;.rd 
circulating waters. Thus 1:1 SG!:;8 pieces the 0::"0 is porous, more porous than it 
ol'igir..ally wus beca.use cf tee rem~val of sane of the constituents.. At other 
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places) ad:1:t,ti.r::!lS h-:~~18 t: '2l:·n m;:.:.c!:;? tc> t rl3 !7i:1.n8·~·~13 t11;: .. t r:0r(3 fo:rm(!!'r"ly there in 
the fOl'\;7i of s2c -~·n~la r:: ~1ulr:hj.ue e111<oi..c:r. ~·::Gnt. Ili 8t .. 1~r:;r- pJ.OC83 now minerals have 
b~0n fO:Ai1ll8tl st:C~ £;,3 c8?'''rus1t.::, tho C;':t:..~b0n,-::. ~~;e ';:;z lond, a:t'l~l an[_;lesite, trlo sulphate 
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e:,-ten'.Is as d·389 ~:.s th,~ ~~lr'faca ':::3tO!"'D h~,\ra 1~cf:cI16d. \*~ith any considerable 
circu.lating Er : CC G::Js i!1 t.l:·3 rn0untain. er 

Ti!8S:0) fo:,r tYP2S of m.-e doposit::> coval:' the rang$ of mineralization 
chaY'sctar in th3 EilJ.t')p block. 

In. th'3 pr-GGGnt \":orkir:g:J tbe roplacem011t chimney type of deposit is 
of !;-tast conc~qacnce, n:tcl it is ' :~'~~~ 'c11 ~f:f'ectr:;d b~r .g~CQlldary at.to.cJt so that \~ith it 
isa3~ociat,(:;c1 all of the; ~.or' "~plcxit:f of tlle fO~Jl~th tyrl)e~ 'Eh~t j "t is ce~tain tr.lut 
ct dC)Jth th0SC:l S8CC1;~c~:s.r'; changes 1. in b8 of 1083 !md less consoqDcnce and what 
e·fl~·r ore is 6~i:c,-;urrt{~~:~cd "£ill be E'O~"0 11e.~!"1.y· in its ;pr-:t7!:sry concli tiono [J.se it 
is entirel:7 pnss :ible t::flt the dit:j$cnin~tfJ('l t71'".:6 rat'her tl~n:n the chirnney typo of ' 
ore dap~)s it i'Jil.l b::;cO j~t~ of rJ.·ore p::. ... ~,)r .. ~in.sl1ce t'7i t·b .zreater d.ept.h ~ It is not at all 
1 ikely that th~1 v::;i;: t:rpe of deposit. will in an-:l case be of lJuch i!:'"pOl"'temce in 
this ground. 

(b) Helati(';:.;s cf Oros to G201ogic ::11 Fo!"ma tions. 
The diS8cr~;::n:-:..tod t]tpe c.r 01-"G seer.;}s t() C:CC~lt" c'.lietly· tn th·a lin-;estones 

and lir:(f 5113,1'::; 3; u-cd I judg"e th~1t this t'i£':."Y be t~Je ess:.:1nti,a.lly ~;hBr8~!9r enC'JtiYlteT­
ed. ~f'he ;'"':y5!:1 t~1:)8 i s fO-· ~.nd in nn;T forr:lution th.at 't"ias capa.ble of' c18a~r cut 
fl"actut"ing~ Tk:"l1S it is 
i11. the qu!~r··t~zit08 :~ th<:?n 
()f this ror..;1c \';'b ile r:!e~t 

found. tl::('OllZ1101.lt tile series b--u.t a. s 0~':1e\:-n st more c o::-t:Jon 
el~(r~~·;h~?rc. 1~bis is rlouotless bacausG 'Df tr.le brittlen2ss 
of ths l1.~i!Gs·t;cn~:!s to~) readily uncle::: dc£'orr.,ation to 1'or:1 

ele~l" cut ~rract~.lr2 :; so \;:tisily' 0 

i-he Ghi!::::8:i .::rD).l irregu.l8.:r~ 'b'od:] t,:rp ~3 C~ rc"plac·en1Dl"rL ~t.ype in m.tlS~"i "t/ l.~ forr5 
OCC',l~ cb:lef~l~! i:: t l;c r;: illtol) q·~J;artzitoo Tllis is prGb,sbl:r because the l"'ractllr::-s 
01' tho llill top ~~(.:;:1'~tzito cC:1stit.trtoc1 the crli.ef cll:lnnels of CSC3pC d·ur1 i.1f~ thG 
m:1:r18r~:-.?11.~inG e'~jOChe Pcrh:3.ps ,~l so it. :s beCH'-l~~G of the simple minof'-til Ch8.1-.:~c"ter 
of' th·!) y~ocI~, t}j:2 qi).s.rtz not, bQ1 .. 11g so sl~8coptible to a clevf11op~1Bl"rt. of co:~\plex 

11l9tamorrl'11c s:l1:1.cato3 hi::.t Dn the c()ntrar-y cpJite s·iJscepti.ble to ~etas0matic 
replacement att£~cl{~ 

Thus tbe diei' o:~e deposits follow certa:1.!1 Un:?s d'3penciine on the 
!)l}ysical cbarac'c,e::- and cO:~ipos:ttion3 of t he fcr rna t1 .. ons them.s31~t~1s. 1'he .. 
controlling factor iYl largest ris.~rt is t}:c opening of ~v':1eknef.)S8S for the escaping 
minora.l 1:;oo1"1.1'1g r:aters from below ~ At t.he Hilltop ground this has oc',:m chi.:.;fly 
t,hrough the qu:xr':zi-;:,e, but on the Hilltop Extensio"'l gro'..md it has been quite" o.s 
conmonly along by tl:e sid.e of dikes or along morc irl"ogular weaknesses that C'.lt 

the limGstc.:ne se l-:. ies beneath. the H:il.Jtop quartzite. 

( c ) Controlling Geolor;ical Features and Ci:Ild:l. tions o 

A gcr~e:r-al study of tho whole area, but especially the Hill top block 
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r:OT'i:tlr:'Z3 tb8 rcple.cemGllt ch:lmney type of deposit is 
it 10::':nc11 efi'ect'3d by sec0ndary a.t.tack $0 that with it 
~.o;"'~iplcxity ~f tlle fO~Jrth t,~"!)e~ B1it S .. t i~ ce:-tain t;lnt 
ctrmges will bG of: ll'lss n1Kl less conso(pence and what 

eve'r ore is Gi!C~)U11t.G~-2d 'Bill be EO ~:'C 11earlj1' in i -ts rrt'iZ!!8.l"'Y concli tiono lu.so it 
is ent1.!'el:.7 rnssible t:'::t3.t the d:l~JSBninr;;.tfJd. tYr:e ~sther tb.n!1 the chi,mney typo of ' 
ore deposit 'fJill b·--:;co ~ ~: j~ of mc)re p:.:.~~rnin51:ce tr;it.h .zreater d.ept.hCl It is not at all 
1 ik:ely t11at tl1S ~l~i;: t:rlJS of' de"pasi t, vrill i:n. an:: case be of kluch iITlportarJ.ce in 
this ground. 

(b) Helatir;?":s cf Orag to GAologic;;11 Ii'o!"mations. 
'rho diss8\"~1::n~tGd tY'pe n.r 01~~~ SGBrJS t~:) CtCC~lr c'.1iefl-,V l.n th·e 1 mestones 

~lTid lir:i:r $(£:11-23; ur!d I j udge th:fJ~t thi~3 t iUy be t~ue ess~tintia __ l1y 'rJhBrc"!!91; CnC-3linteT­

eo. ~fhe \i~:')~!:1 t~1::)8 is fo·· ~nd in en:, 'forr:lation th.at 'ti:as capable of c10a~(' cut 
£l~acttl:t"inf~ ~ Tk~i.1S it is found tl'l~~·Oil~:110, .. ~t tl'10 series b~u.t a S0tne\:'nst more CO::i.::10n 

t he crltr.r·t)zito8 ;~ 

th is- TO!;;C 1;:h ile 
ele~l" cut fr.G..ct~.lr2:3 so f.'usily·· \) 

11bis is ,}ouotless becaus'G of the brittlen2ss 

'rhe ch.ir.::;.a:i a:'ld. irre;u.18.1~ 'b·ody t,)~}e C~ ra'[zlace:mDrrt ;Gjrpi:; in ruls!3i"(l ~::; forl";l 
OCCUT chiefly i::: the Eillto}) Q",.artzit.o o Th is is pro'cc.bl:;r bocau::;c the fractur::;s 
of' tbrJ I~illtop ~i);.::r·t.zito cO:lstitt1tod tilo chi.ef cl1;'j~n.nels of eSC.3.p8 dllr~11~~ the 
mi.n'or:~l tzinrr E"<-:r:J ch. Pcrba})s ,~lso i 'to 1s beCatl:~e of the simple minott'll cl~c}.r'<lc't,ez­
of t:10 y'oci-;:, t.}:o qi).2.1~t z not,. bn:tl"lg so Stt::~coptible to a clev'{"11op~ie:rrG of co:.«(plex 
m'3ta;;,oX'";,",hio dllc:.yi;es but on the cl:mtra:::y (1'.1ite si.1 s cepti.blc to :netasomatic 
r ':;;pJ.!3.ccmer.it 3tt£~ck:~ 

Thus tr.c ctiei' ore deposits follow certain l:ln2s d'~pendine on the 
!)llysical cba.ractG:-a and COY~jpos~l.tions of tr~e fcrrnat:! .. ons t,heri1s 31"':l ~~so 1'he. 
c c.:n~troll .ing fe.ctor iYl largest r~\ s.l .. t is t1:.e or;sning of v}T~j akne~scs for the escaping 
minoral c3o.rlng ",e:cers from below ~ At t,1:.e Hilltop ground this has oo,;m chiefly 
through tho qU8.1~"tzi~e, but on the Hilltop Extensio.'l gl'o .... md it has been quit;(~- us 
con8only along by t1:8 side of dikes 01' alon~"?: mOl"C irr'ogular weaknesses that C' .. t 
the limestone Sel~}eS beneath the Hil).top qua.T'tzite~ 

(c) Controlling Geolot:icsl Features and C;::nd"itions o 

A gc~eral study of the whole area, but especially the Hilltop block 
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·~',.,"1·'..1~~- tM(') hl-',-" c~~ ~.,.4--- il""''' C'-''-~'' ,.,'.'J ";'.7(:~ -;- - !:.L"~ j" "'- >' D"n-~J-N;"'P 01"1 ;;!i.~"". ~I'" .... ~.;....., ~1..J...L.j.~~. 10.;.1.",' ~ . ........ ~ i!.C ..... v .. y ..... u ·v...;vu ... ..i.: .... · _ . . _ _ . .... _ ... ...;." ..;.~_v·.::' j..~~lv.t:.:_v_ ... g;.~p"" ~""-'.J. 

bods Dtlll higher in th3 so:dos are c~:;:,-::::'<:t,::.7,:;J.y I i t'C] G 01.' or.:Jy 10C~1"1Jq ct'3d. 
'i' t..._ ... ~J.~.,.~ ,,_......: .. ~J .... o~ ~ '1"1 ......... "' .. "'r."l"l .... . ,- ..... ~~ ... .:.. . .. :..... r\ -.r ~~~.: ... - ...... P\ .. , ....... .L1-_~ .... i~"'p}J··~~_~~. .0'""13 J.l. ~:.:.: ~-: '-:. ... !.J..;;;1J v v.. Lv;....oJ, 40\. .. ;;. ... <-.1', _ ... _,)_ ... ..:.~ __ ~';) Q ,..:. .... _..:J ... ·_v .l.\.4. .... iJ.Li ·;;:...:,· ... .!._ c~·;u-- i.i 

tY.:at tVhel"'evTO~ rr1~n~~"c11:,,=o:;:':Cl1 cl:JBS o~c:.:::~ '::'0 .s.:::1'" C8l:~:Gq1;.e::(:e hiE; ' cr in tIle .~¥~~. 
it, i.s ulcr,g d.eri~1it'3 ft"~ct~~ r~-:~s.Q 1:':; ~:: i~-: t::c fO:'~J 0;;· -;':O:'l~~~ Or" 0':"~O in t~e v • . , . .., 
of' dik83 or othor intru~JivG .:1!:':l:1\.~S7 \:}:sr-::;2s, in the 1?v 2l' r::n:.:-t 0:;: _ ~he Se1"i03', ~ ~~ " 
~odification in the fO!':J of r,;.ot2:7:ol'!:l:dc sZ:,j CCr~·G3.ct c:'('!.::g88 as ,;1211 as thc\'~ fif~; 
'intr':Jduction of L1.:1.1:!erals 'i:-:: u vc:!"":: CO ·:~·~ ;-~; (ln Gff-r2ct Ii SO~:Gti:;os th_is completely 
tr!::.l'lsforms a l~;~bole series of Gf;ds for 1~~ l':3 {list!;-:ncen eV8n though there L~ nn 
aI).pnrent relation to any' indi',7idl!al d.:l!·:~s cr intl"V"u . .si'\r8s. 

:r~t iG e"\i~i40nt~ · t: ; 2:-:"~::'~r'Jt' t };e~ fJ: ... S'~.i~ O re;:son t!1e b,ase of th,a blocJ( is 
!:!lien mOl"e Ecdi.fied and rJ:lncral'i zed t..1:2.: ... : tl::e ::.~)ps:r~ porticn. P-. flL.-trler irispection 
of tbc s'e!~ieG i"S:.ils to she:;,,; ~~:? vc:. ... j:" g'ccd :--2~SOi:1 :eor tllis di.:"'ference of amount of 
mi '1er·alizaticn in the C!:3.Ts.c~~Gr oi~ tt:3 o::-:gir:2.1 b8(ls thennalves, that is, in . the 
uppe:- bzds 3.·S disting--J.:1.sh.ed f~~c:;::: -t·b ,~ lQ-:·.- :-~ l" Q::e8~ It 1~.USt be) the:-e.fore, tr~t 
tb.G rea.son for t116 difference is es.::a::/ci::lly the f~ct that tIle lo~er beds ha.ve 
b ·;.;en --In posi:(jion to be rendil:1 ree.cl:s d l]:r the nin'3:~' aliz;:lg solutiollS whel·aae 
the upp(~r oHds ~18~e, for" tho f:~O~~t pa;. ... t~ 0:1-:' of x"sach. This leads to the con­
clusiol'l. that the chief i .n.i'lu8ncss -Cil:.:l SG:.:r·CD~ of . s'~pply Were from the lov.'er side. 
r~'hen this situ,:lti':):1 is e:::arrtl118d, jt 5..:: fr;:.:2:c1 that this is &1.so the side vt};'3r-e the 
gr8!.1.J~ vuriet:t Ofl ignoc)1JS ~.ntr·'u.~~i·7'~3 DCC:'lro It i 3 tr!.e Birdseye porphyry sids of 
the bloc1: 0 The!Y~ is no escape fi"ltuf:: t:18 cO~Gl'i..lsiol1, it seess to rna, that the 
gerh";ro.:l (listributior1., of t1inf;l'~J.li~:' ''::lc~:~ t:~. ·~=;~el"'cr'i~;;1 is cJnt~olled in part by the 
ctJ::.position of tne- b~d3 th~J~~831\~8;:; ~;~ith r ·:; 3~ ·?;ct to the scurc(-:; of supply but th . .r:.t 
the Oppol~tunity to be effectod. 2.t :12.1 i J c:.~:lG ciliefly to t!'le Pl""o:{irnity and the 
ilul"ilcnce of' ti10 il'ltl~nivag \~;11ich ba'!J'e o2:c:-C£\CrlCd on tIle block on the easterly 
and under side e 

In the second placG it~~ 13 vrrr~",t ~t1.cable indeed even in the loy,:er 
mCulcaTe of the se:--'ies, that, S :Jn!6 c-sd.s ~T'e r::~ cl1 TIl01'G effected t~..an ot~.ers. In 
othel~ vforc1s, thore 1.s e. selcct5",vG miri8!.~21:'z~~lon E""J"sn, rr::el4 e r.aineraliz3.tion is 
the hea-;ies·t., sorce 111ac0~~ beinz ra:i::G ~."b.liscds and ctnel"'s not. In gonel-al t1:~i~ . is 
Ul'!d oubt·6' dl'Y- a ;?H::lcctivQ d.if~fe:~'5r.:.c0 ::1t.1G ~·o tr~o st:t.'llctUl~G and cor.;psition of the roclc 
its·el.f, th.cse bc:in.z Llore readily p ,3r.~3t!-atcd. a21cl r:Ol"e ab'Und,~ntly r!ii.ne~a.l~. zed v;!!ic11 
a.llo~;jed circuletion to pans or 2,11o!:,:ad sol·:.:ti(!ns to pe~otrat·9 more re~dil::l. 

In. tha thir~l place th~;~::--3 i3 G.~ cq'~lc:ll:r pro11on.nced diJ~f ·£!rence of 
w:lner~11i z.e.tiDn!1 cspcciuJ..l~r (l(r{l ·'31or:~c: ~"!t Gf o:"'es, alon&~ still other stl""1..1ctural 
lines 0 Tb.eSt3 {:i.Te d(Jfo ~cr{\ (:~ ti(~:n ~.~e~~ ~.!: j2 S='3S· j c:iicfl:, :rr@.ctu.~es or crush z:)nG~} develop­
ed. c.urin::: and tor .. ~~cd the ot:d. Ci.r tl':8 ::: i!:;:; :.o;~l i 2utio21 epoe})$ It is Q~or: g t ncso 
st:'-";.J.ci:::n-al VIC2knGsSO~1 tb.at Ti.2cirljT ~ll ·,)f ~c:~ e ~ :"'e d ;3'pO~3i ts prop~r ere fcrr.~od. 
ttl l of th.e;>~; f· C2'"!tl.lrt:s, n~ rna~·~~ter, 7~};'9Y"O ·~.h5j1' are studied, fall into ttlis 
concepticn of gOTIosi,s and st;rllct;.!l~J.l 1",31ntl.:;n and a1"(:3 c ;msistant with the con­
clu.sions alr-e8/1~~ reo.cl'!.od as t ·n. tl~o di~ecti0rl of source of sUP1J1y. T!-ie ls.ter 
nd11el·alizi~ ~.;; 301uJ:io!1!:1 found er-~Ct!:;c ctsr...2·~0l!3 alonG structllral v.-eak..."1.esses, and 
such deposits as fo:~t:<~d fTO::! thes a-:-e ZlGc8ssarily formed along these lines or 
&1'9 c::r~l:{lected with t~b,em in sc-r::e str~11cturcll y;a~r 0 

I?Cl' el:Ci:'tl~Jle, t110 types of (.ire de;:onits described in the J')reviou5 
section fit, ex~ctly i.l1to thhJ conce;:-,tioll Jf structural rolation. Tbe vein 
dec';)sits arc tr!osc 7Jhic:' ~ rlclve for ::::ed in th.£! most s1:srnl v cut fractures r/hera 
th~ uinG:t'o.lizing solutions have not p<'m3t:r-ated much i;'t; the '.''{aJ. l l'ock 01' have 
not rru:l:~eriall;r e!l~u:rgml the opcnil:gs.. T(~e disseminatod ore deposits arc those 
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v~'hich have dc\,"olor;'3cl sidey;iSG frc)'::l these chi~Jf chJ.nr .. Hls by" ::-'8D.Son of" the nom·~~;7hnt 
eCisy po!!.etration of' certain b·eQs l)~/ t he rninc: ;:\~lJ~:n~ ~olutj.G!-"lS , b~t tIle,;r are 
intiD~tely cor~"~:3cte~1 7:ith the v;h:Jl~ s:r3t. ,OY~ of" er~cap3 ct3.:''':!:'Ql~ 0.;:(1 rinir!;~ i:.nd 
ci~"'culut~lllg S(;lrlt.icr:.S junt tllO 8:?WP~C. 'the! l~eplc.c:::J.~~~ll~·1 d;:;;;~;3i ·ts of· i~r-l"'cL'iJlar or 
chi~Ll'l.Jy lil,:e form £:ore all d0~1 ·z;lDnlTients along sr~cl) cr-~g~~: '21s v:he::'8 SOl;!€) of tl10 
1:~:211 r:..:'1tG::~:1.al has been !:1ore o:r~ 18s~,J Cl)t-.plGtol::/ Te ~)ln.cod. f or t hnZG deposits r~~v-e 
bec:~ (le~lol,oS)::)(l to a size ~Tee.tl~r e:~cc0(lj_n::: nn:i l)Of)~]ible o!"iGi!?2.1 f:i..'I8.~tt.1rcs or 
c)!~;8:~it:~s i1'1 tbe rcc}~. 

If t,1:is is tht':; p~~oper e,:~pl ~;!l-?_tion tl1en tho :::orc b:c#ittl0 rnc:lbGrs of the 
fC~~~ltio~'1~J. s8:r-iGrl, 1:r3G.0 ~jbich ,,:?e ~··e b~:",j.t"tlG C;::-lCi#~J.g: .. : to fll\ r:.c~~lro D.::ur;.~1untly rntt~ ·~r 
t.r .. s'Jl to sq"uee3c i!lt,a nC~1 pa~::.tion 1S~11.e:n dcfor:'1o d should. 0·:: t.r!,z placss ,{bG~e tl-:ese 
oscape c!;ar;nele t'.;ould de'valop ill gl"'e;;ltG~t, a::Hl~"ldan -r;e. ?hu.G t he II::J.ltcp quartzite ' 
7Jhic:1 is tl1G itlC,st b~"'ittle r::SI2:;·sr 111 the r~:iddlc po!~tion of t~':o t~~ hol~:; seJizentar:t 
serios is tll~ chief· 11o ~;~c of m.08t of tho Cl3poS i.t3, cs:)ccially tr-:..c vein .:ir-d re­
plf:C!e~nant de}Jc&it.so l~lJt ce~""'Laj,n otl1 ':~r placo3 ar'e f'::1rCrrloj;;: elso for circulation 
or eSCs.pe of tr19se S0111tlc)11S, such for e:=2:.;·np10 ~ t1S tha r:':9.:rgin3 or contact bat'fj:een 
tb.o sGdir;onta.r~T rocl<:s and S(iI';C of tb.e di~·:(:Js espt;c~.all.~r tlloSO dilces or s!:e.l1 
int:':.:sions t:ihich 110ve So z(:n.(~~~al liZ:t~~:'l~ e::t·:;;nt c.c~:~ss t!":.3 for!::a.tior~s l"'utrler tte.n 
parallel to ther.lo In a l1Llffibt3r of plrtccs 111':'3 thi.s, s:Qull ·deposits have been 
forr::;~d. The best ex::ar:1ples r.'3Y be S8en en th8 12!::d. Liny cl::dn but they are not 
cor:f:!r:.cd -to this lo(:atioil o \ \V~ ' 

hOi;-1 these ii'eakn:3ss8s h~~'G b3sn ent~}red .1'ro:1 belo-;J~ i3 a rratter of 
considerable inij~ortance but eI2~LirGly" r.rit:.h:n th!3 rGiJ.l~ of sp2culation. The beds 
d~ rLot eru011d d:lroctly to or ciiT"t"3ctly·· tor:·~:rd~ t1-~e ulti:t:.te S011::ce of the mine~ali .. 
Z~'1g -solutio~'1s tb.e;::'Belvo8 il In otl"lQ~ v~cr~ds5' t :10 !)[;:ds do not e~~~ .. Gnd to t.'1e end. at 
the i gneous intl-J:lsi"1re 128,ssr; ~~ lyi21g belc~7 a:nd cut.t/ing sl:lghtJ.y· il'J.to the nasa of 
the bloc::o TIle rIl11tt)T) cfGar"tzit.o,. for f::~: Q.;"::ple, v;bich d5.ps s-ce8ply at first, dips 
more gently and gently' tC7r'2.14td tb.e SCl1.tI:.~~';;G8t and ~:}u.st G~JOlJr:·:hGrc be underlain bjr 
g:-zat thicknesses of lir::estol"'.G betYfeen i:~ er.:d. t~),,) is,,,;}GOUS !:i2.S S83 from which, it 
app;2:a:-s the rnL"j,eI·alizin~ S0111tioT:s r.r~:~5t hf.!.VO c:):::c ~ ?he Qir:8 ~'·ali zing SOltltions 
fiuet ' h2. ... ~e l1ad ' to tl~D."\;rcrse sor~:0 of.~ ttl;':'~G. ·8 t1n.dcrly:1.n,g fors8. tioz:q, t 11crefol-a, for 
considerable 'clistDJ:..ces befo:c-e re:c.c11irlg t1:1~ Hill tor.' qll~:"tzitc at all. 

Virlat tl":eso circu.latiol1 COU '~'S0S 1001:'2d. like,. no or~e could for:a a very 
cOl!clusiva W~lg0 of c 'r~h8:y'" probnl)l~r \~r~,;!~0 net operlc:d c.nd si;:;~ple as iJere the crac!{s 
.iJl t l13 I:riJ~ltoI) Cit.l6..1:'-tzit::: ().t hif:i~8r If-:'v'' :':~ l:i ::.1ear8r .,Iv~le GUrfaC8 0 But the 
soll!.ti~:)n3 must !lE:.Ve co~·::o thr4()ugrl 1:1 B07:le ;:;ny· and if t}le ~t follo--::-ed along any 
particllla:.r COUl~ses !'~atl--!el;'jo tl-:.o.!'l bjr s02.1:i21e pr;~:~ris cu.ously throu.2;I: , it r!3.a.::l be 
th:lt important mincl":!lization is dovelo~)r::d alD1':;s 't 11Gse COUY'S8S ~t groater depth. 

In e.ny cu;:; ·c c~:~r:.a. i.tiOi"lS o~~e ce:c-Ga5.?1 to cr~I~1ngz nr..,J [P:':ructural behsvior 
is C2:!;tajn to. ChD . .l1.:~;e SOr:1f';7:ilat c .. t e'!'c ,~~t c.epth b11t it is not c182r at all v;hether 
th~3 min~raliz;at/ion. cl:annGls ';;i11 r):accse di8Gip~ted as if re.r:-~s c:n:ting thous:mds 
of· Si:1 CP~G~Sl1 n.r- y.;·nct1::3:" in c')ntr¢::~:5t tho)" 7!ill D.p .~ ~;;2.r fl.!3 a. v"~Jr:l fe:~ 1n3in penetrati­
on c::1~l1nels alon~z ~,:ihich consirJ6!"Q.ble tJinc!\S:.l C::'}!1C8~ltratio!1 ot.::;ht ·~o be 
ncccn~[!?lishod 0 

':ellis .is one of tl:'B Ul'1C.t;l·t ,:.~irl sides. 8.bou:c the b~:l3.~iior in depth. If 
trlGre naTe rn.ain -tl';lu:rJ~ ci~"cul.ation Cilc~J.:.r:CJls r·at,ner then 'cidely distributed seep­
ages, I t.hIn}: tha.t s'J.cl"1 conditions v!o':..zld. .0,3 fe~~lo1"'~~ 'ble to a. lc~rge~ rninerali­
zatbn dcV'sloprr:ent. in depth a::d poss ibly mora o3.sily :Ol101'18d Ol'e deposits than : 
in the higher l~·vclso And if, on t,be centrery, the othel' forre of penetration o~ ~.: 
circulution from. tbe ignoQuG ~;curce3, to th3 liiJl top quartzi to is the p:-op<?!", on~, ~ 
tr:::.t is by seepage m.~ soElliinc" t hen I thin::: that thO' cl:2nce;:; of workable ", 
min8raliz~tion a!'o less favornblo. ;~.'~'< ~', ,,'j,;" 

On the "ivhQle 9 it seem.S 
of a branching out ,,;·ore and l:lOrO 

v:as rea.ched or approached. 

to rl;0, thu~t S~Ji:;rJ cvi,:lG!!CG fa'!ors the 
and to greeter c8;:,:~lcxity as the ncar 

c:mcent.l.on · 
surf~co '/ 
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The bohnvio!~ of the oro depositz in tho h:i.g}18r 12'.,.013, it seems to me 
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tho foe:3ers of· tl10se xat.hrf[" broa:1ly- c1i~tJtir~t!tt ·~d (i~~posi"Ls Thus - en the Kns;:Gr 
.!.c-e::,:o1$ ~o:r: ex~:::p18, th:.:"..t tr.8 ;::~~: r:'"'C;;);::').8~.f"<f" '(f3.1iz .,.:.:t,:;'0~1 belt lies in tho 
-ia.LOna \~ae3n and IIilltop liD.e \c.L3.:!:.~s-~ G O)~ot~t t:10 1&rgc3t bodies arc found 
ther'e. Jj ~~ ~~~ 

If solutiol:s 'J~t~'rr.; ri:;in~; th1.';):':':;o. r,!~(Yt.~.k.~~+'::3 HUlton quart.zite] 
cs 1:~·e r:.OFJ kr2o:~? it to cn!? +l~c" .. r t""-."~fr.-i ~ + , ~'J "'~"t":"::r1 ..... /'" :?1~1'?:Ylt.r i"t nJ" of tl""!8 b::.~cI-:Q:1 
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("~"("O;irj{~ t '! 1tll1"r""! "".::-" ,;:~;.r')1"';. ~~:~ i"ro.t~ q.,"":n .. ..,l~T c"; '"i·'1-r, .......... H"1r .. ·'··· -r,O C'-~ ... "I ,r.J,'/ytJ.1 ... ; 'r"O· O<~""'~17 ~~"i' '''\'~ C~"~ 't; i ... -r· 0- , .......... - ~1_'W --- ... , ...... -~ ..... ~- Iio_ ..... V".I. ,"" U'O ....... : . . ..... J ....... v __ .... _ '"'- -"-" ......... ....;, ....... .,.s,-I,J · ~~~.o ~~ .. 4_, .,~ __ 
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11undl~eds of :pluc8s ~t highf):t .. Ie'v'cIs ~:~1 itll a C? ~"j:"csporldilJ;; ~~ '~O(T~~-inc't"'ll:: zed 
ground as tho;:;::; highm' lClrcl:l are :'tcD.cb::;d. The upp;;;r 10vc,:,~4>. ·'i>.JJ.--Ysl0~(~ ~ '.'icDld 
e;::hibit tho pheno:r:0:z.o!"a of nu.:18?Oi.1S and wil19J.~T scattored V0iD8~~4:..;.ff.a;!· cc!:ents 
, • ... • . 1· ~ .. " . • '1' ., ~ " , • " l ' "'..1-, L'-.,,- ~h.. ~. 

GOpOS2 vS ·f,~:Lt.r~1 "'v8r-y ...!-:7:perlGCr..., COl'''tneC"Glons ..l.u'teraJ.....' .. y Ol:t. ':. )."(,n :JG-C1J~~. ~U~.l.:J{~~t.,lcns 

vel~tically, ell tending to c':.mverge dQ\'}[;.'.-in.rd rat.her th,-U'l 'Up"i7ard.. ""'. ,. ; .~ 
At~ lo~!er 19v,::ls s there.eOl"'e, it 7iol1.1d b~ no:."rnal i"o:t" the Ol-'e deposit 

occur611ces to be r:iore :,"~0strict,ed in ext,ent end. it :1:ight vel~:/ 17/811 hapten that 
still lot'iel'" n?lf1 migrlt find vcry fGr;;l ccur80S 8i71el~~lizc~d. This need not be 
consi<lerc{.1. a discoill~'8gi:ng circ1~u::;tnnc~ or canclitio!lo "['hat ~a.ttar, on the f4!i01e, 
dcpen.:ls , 011 tho a::lount of- min'2:ralizution ~ctual.ly developed along tta principal 
fe(~d charmels 0 

erne of the practic2.1 dii'i"icultios 'Hith the oro de}JQsita of the hizhel:" 
levels is its scattcl'ed. distribution Int0T~11yo It would be an k;:;onsely ad.­
'lnntai~eous tIline if tr~c sa~1e amOv,!lt of- !tino:ral r;'el~e conc,entrat;Jd alC,l'lg a very 
few Z0110S or chi.r~'h~oY·Se L!:l cC;11ce'pticn"! i.s tbat il'1 d.cptb. ·tl'2is co:n.d1tio:n Gay obta5.!l, 
ar.id if so, t!1is c Gnc.liti:.:.111 7iO~11l1 be ars ud~"rD..ntaSe rath.G'r tb.an other-r,1ise no r:~atte:~ 
v;,hcthej.~ it isneav.J.ly r;~ineralizc~d or not~ StilI it \'!o~ld bo a. grouter ad,."r~ntag3 
ll) it prcn.ti~S to be hc:,.:rgoily l~in3ra2izede In ~ith01" case it -rl0uld req1.1ire leSe1 
i-1or-k in explo!."Jation t11a:'1 a !::ors- sc~ttor(:c.1 t~rp 'a a.!l\l t:he dcposits ~.re 'worl:able or 
not ~fJol'1ok:S.ble dCp01":ldcnt uporl the conccnt:rv:3-tion of the 01"0 _ milier2.1n .. 

l:t'j 17;e.y be that tllis is trle chief eJ~pl<;.riati.o~'l. of t119 i~2.ct tht:...t the 
frnctur~,s 11'1 t~~e quartzite ell tr~8 Cl"'ay ~J(urill.ol ]~t~\r01 3110~"l SO very little 
mLJ.c~r;.lizatiollc :r r~o~3 t11o.t .!ij11€: prj,.ncip~1.1 mi1101~S.,liz3.ti~):n ax"eas on tbe s-llrf'cce 
are not i:'1!:odiatel~i1'" O~·l.;:r tl:o pos.itio:'1 oi" the Gray' ?llrlt;Gl ':;'orkings, but that on 
trlc c011t:tJiC:.!·y~ :i:l.nernliz:::.tiol1 is r::uch 'rcore f-lT'o!lon.nced batl! to tho nort117la:~d ani to 
t.h ~J sou trf:-:·;ar~.d nlo!'1t: t.!1e ~rtJ:."jJCe of ttl-e qllt!l"''C!3i te bed(J If;l thr;r·c fore, t}:is con­
cepti~)n o:t tI:e vC:: '~:ic2.1 conncctiol~::; 'and relatici1s of tr}9 feading channels ru,1d 
the, h-:1otJ~,! O!~C bodieD of tIle Ul)1)fJr r;or}.:~g,s is eSGcntic.l1y correct, 011C ou.~l~t 
not to fi.Y1U !l:L1ch ,:ire dZ1leloped in t11i~ part:7~cular r 'cgion y;h\3re the Gl"SY ;runnel 
!3'tl.'uck ttl~ Vei?l but ratnel'>l to t11c righ.t or to tho lef~t ut a gl"~at enough 
distance farthe~ to g{3]~ under the- cl1icf minel~a.lisD.tion bod.i(~s of the ufiper 
1?:Ol"Jk:L."'1gs 0 

T~lJ.8 is a vito.1. Cp.lGSt:loll i:n cr;n:'~CC~l':)n ';rith tho prospects and plo.ns 
ot d0\Y01op;:~ont c!1d p02sibilitios oi· tl'lO }J~'IGP ·:,.~rt:r~ ! ·t is ess '0!'lti.nl1:r a st7J.ct·.2~al · 
q~e8t,ion 01'" x"cattlre bU.t, it has to do ,..1i:. ... octl~j \yit11 a v,·or].:::in6 corlcepti~n of the 
origin of~ tllC "rc ar~~1 its possible clistl--ibtrtion 6 On a!~y other con~G.ption t11:ln 
t..1.1S, O~1e \1ClU(l cGl,.ta:inly be d.i .sC011l"·o.god ·,s itl'! th\~ Sh01Vit1t~ of tr.:.13 G:r'ay 1'urmel 
b(Jc!lu~e fe'~~ler b0<11(;5 of mi~e!'"ali zatiozl a.prear tt~e:'e for tIle dist~ncc covcr(~d the.n 
in nny other portio~ 01-- the groul"ld. or at ar].Y ot,!'h~!" le'1el o !3ut on this cnnce~.tion 
of strllct~lral !1rrange~Gnt it mn;T 'si~:1ply rncan th:::t e. l-e:ln stretch has been 
cncQUllterod bet:;J'2:S'11 t,7?O 7Jid'81y spc1ced i"\J ~?Jding ZOU8S or chanr:cls 01' (~roups of s:lch · 
channels End that the &ctual bohnvior' or r:lcan:lng of the groilnd at the Gray 
Level 'i,ill not be indicated at all t121tU those p~l"tions arc explorad which lie 
ben~ath the pdncipl minoral bodies of higher levels. 
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(d) D~pth ~nd Pl"inar2' Gh~n~c. 
T~1e raost important- p~ ~)blcr~l in .ca:::>::ctio:tl 7Jitll t11e pr'l.:!;r!:!.-'y" 

mine!"~lization ~s tba quentiol1.~ bshai lio!' l !1 d~:;pt110 E:...~plo~';J.ti~}n:;) thus far h!tva 
s1107:":l the be11':~"'vioi"" to t}18 deptil of ti:o I{ ~:;'8 ;J8:" T11l;'2°"l.c:l ~Jhich cuts th.e Ol'"' ~3 dc:.>osi ts 
at a. r;~~i;~rU11 of 70J to 800 fOBt bolO't7 th,:; ~~LttfacG al t!:":ou,sh tlle 10::-e:- tu.nn€;ls 
71i11 12J.lti!19..te17 Cl!t thOSG na~le bed;.i cPl')ro:-:is;::t(;l~: 3:)0 Bl1d. 600 .feet deeper~ 
2:0i tr~ ·81~ of thC~~1 1:3.~;C !'cac!1oda pos.-: tion 0::. ... t::':;c e::ccn':.l!terea t.b8 propr::r gro1l11d 
fz-03. y;11ich t~ jt1dG'l.~ ti~c l)ri:~ al:r 0::0 d.c;l~Qsits bC!-1D"'"v""inr of t11030 dspths ~ 

TI:e c.nl:l' Clcans cf ,judgi~1g, th::::rc~i."o~8,. urbout tl18 bc:.h2.v:to~ at depth is 
fl"c)3 tI:e cc-ndi t.io:l scen !.:t tlr~ s:l:r£~ace and 6.t tb,c- r\3.E3pC~ Tun:->31 levels 0 . In this 
distu.{1,cO no st,l"'i:~in{: 0:11 irr:?·:)11to.nt pri~:~.j~:t C~1 :.n~e 3~>a;nD to rna to t.!l·::o CQ:':~ ino 
Ti19 p~·i:':lar:T o:~es ar8 ec~czlti2..11:i t11e 8 ~l;~-:3 c~:'!d. I 582 no 5rC'L~11d' i.-·or cOacl:'1di::g 
\711ethel' t!1c ~in;~r'C3.1izntioni"s increc·tJir::i or j.ccreasL~g in ir:porta~'1cQ and v~lue. 
On the wl:ol'3 if tl~c~!:l is- C11Y ccnclt.~si.Q:1 to Qr~:r:;: nt .:111 L~ C0 7!.~p.!l:rinG the Gllrf~cG 
outCl";jP conditions Ylith t.tl!:) ~·G='GPt3r Tu:r:..rl81 it S2~~ :':!8 to De that tl:e dBposits are 
soce-;-;hat larger 0:1 t~bc 1{asp~~r lc~v '2~1 and als~ f..lOl"'C pro~.'!ine:nt irl c::>ntellt nt tL:is 
level. YfhcthGr t!lis C1..lr'V-e ~1ill be ~::in:t3.i:!c; ·:i "~~'itlL ~till grcc.te~· a::1Junt of 
r:li1131'alizs.tion at e:ceat\~!' dcr;;rtI1 r C ,9.r:r~ot tell? lY;l.tC. there seS::i S to mc t,c be no 
evi.-:t-once Y:hatsv~r for en-:}" ::ar:{()o:l CLlc.r:;;o C~~; ':;7a:r or tIle atl~er, and if thc::ta is 
E'L"lY telldenc~! indicated at all it 1.9 ~liG[:tl:.r in the direction of in.creased~ 
mLi.'31"ulization ·\,"Jith {leptl!~ 

The 
dGp:;si ts al~eady Or~G;:~c1 c.r'~ r nthe:i ~JiC:-'= l,:T .:2c::"c,t8red and manJT oJ: t110:: are 
co:nparatively sm~lllJ !l.~~'f i::::0~~~O~},3::" .. ~nt ~:: s:::.:; Ol1 ~ic~~'1ecs Ol~ in the prominence 
of' conr:ecticns bet~~·.te·2:r;. t:l(::f1 ' ~{;'\j~_'~ J./~ ~.::r"e .?::'l:.r ::~::;=.; :~c\:e tIle :::.l.nn and incrsGse its 
r>l"»Qsp'Jctive "valuc o Tf";C best tl:.~t I C3r~ : 2;.:" is th~rt, th011 C is thu3 fS.l"" 110 evidcH1ce 
or :;~at0rial chrln::;c e Btlt :l!l<~.·7'~r 2i0t3r:\ .. 2 ir:tc~:)rc~ t8.ti(;n of the condi'~ion9 S!:o;~:n 
in the upyJG?" ~oj:"!:in~s th'srt:; is 2· ')-:::B e 7.~c·Jtlr2.ZC 7':lent · tO~i:a.rJ :t;r:p::o~jGm·3nt i..'r). t'his 
reSpEct. Thc·r·e is SOr:~3 theo~i';~ic::.2. S;l:)~~/~rt for bolis\l"L.""1,5 tr-;.:~t rcple..cc:!.snt 011g11t 
to take pla.co 60::0 Y~·ho.t. T!lO:"S rcadil::r et fT,:;[~t'3 :L depth so. t.hat tl10 Torilr .. ce2iOllt 

type of ore deposit 'trc/tlld h::1.vC fl c<3ttor Cll ·~~"1CO to clC"l.relop~ Gi. ... ,:=:c.t0r <lapth is 
0.15:) fa.v·:.rablc t.o the dovelop::3nt, of' '~l:e dis ;J0mins.ted tJl)(~ of' d ·z;;osit as poi:1t;:d 
out in the discucsion under ~ryne?. 2:£ l? ·::;;()~;i':.::t~ It:, ther0fcr£), tIle mot.allic · 
Lu.n~rals are G..bll:1d!:~nt en'JjJ;.~h to I':'":.D.jwntZlizl th3rnsel"'v8S at all bot~l of tbesG t:'tpes 
of deposi·~3 might ve:"7 r;cl1 Ot:! S~)::(;~·h:.t DGttc2" developed at greater depth than 
thsy are at the pr:;.::sont ~";\"l-ak:iDg 1€n~:"o18 ~ 

ThGl'te is no r.; ~;:'i tb,Q.t I :..r.!lOY5 .of to dct-{;r~~1'ine 7.:"110t11Gl--' mine1"'a1 i zatio~l 

continues abund:l:n~;, tlt depth O~ 110:': wttch it Cb{lI1 t~c)S i!l chsract,!:.;r bu.t S~C}l ev5.d.Gl1Ce 

as t11ere :'3 L~ the distl:'ic-c, ind:lc~ltos that cop:pcr is Ijkel~T to i~1crea~le in 
g~eat dept[-~ anj lead to decT'easo as rnuch g~32.t:)r deptlls are rcac~lcd ~ i.~odGrate 
dists.n~es of a fe-;;: hun.dred fc;ot tlaJl0 t1':u.s f<?~~ sbQ~:n '\1 :2:1>'&:'.1- sloTl or i11sig11if"icant 
Cl"lal1g03 0 'l~l"lis sor·t oi· c Cllril~e Y,i11 p:~"cb2..bl~?' D;3 YnaiIltail!ecl in g~)i!13 deeper ar .. :.i 
thar-cfo:z:·e G'.ldd€:l1 crJ.2.ri[:;C'0 to '}"&2~j'" r.:~.3:c·2:-8(1l~,- cil:lr-::3..cter ure r~ot to be ,,~;~p'3ct '8do 
T1:e fact that 011 tho Grs.y :'"fu.l1I'!ol l cn.r..:; l not ;':~Cll ninerali~~stiou b":1,J bc=:.:n Cl1C011nter-sd 
ha.s \"8'7';1 little boaring C~'l thi.s qU88t::'on s:r:c;c tbe v{or1: along tI1(; quartzite at 
that level is L'1 an intcrr:l:2:c.liate str·:.;t(~b b::t~7:z~on "c,:~!O principal r:ineralizatior.s. 
It u';11 not bo until the workin[.~8 pen0tl.-:':',:j the ground ben':;;sth the larg-3r deposits 
of tIl0 t~asp81~ 'runnel th.at Oi10~ 1:ri1 ~ ne.7a st:fficient evidence of behc.\tior of tlle 
ore deposits at t11is 10"1/01 to b~so 8Y1Y judgement on. 

(e) §.ecqndary Cl:c.ng;js and tbc ir "Deptl1 a 

The natur-s of the seCGrr:.!.f;lr~r . r_.~J dificut:lonz of tile ore dU3 to leaching 
and oxido:l:iio::l on the O;:H'l ha~vi a.nJ. sf';(:~nd~ry enrichr;:ent modifications at. So little 
greater depth an i~hc athol" i1arlU 1~3v!~ - 1)::J{3i1 discu~sod unClor' the heading l'\r~8s or 
D3Dosits, especially undel~ tY1,)0 4. ~t'he l~rger replacement ore dop.Jsits are 
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effected extensively, the c1:ie f chanGes l)e'"lng rep~esentfJd t,y alteration or tr,e 
ore in its cnfwposition and rCfr:ovc-:l of' sar:-;Q of the r~at(;l"\ialo Thc-:T'C has IJcan VC~., 
litt,lG c..ctual en::.. ... icr; ri:ent such [if.:, ,\''::3 f·C~ln{l iT: ;:J;:r.;'l.y Oth21~ di~tricts. Jud~~ing f:rom 
t118 C:-.;:1·i i tj.0n c·f tl:e ore &;3 n0~S e:;~:;on8{j .:1n tilo ~~:o'l.-'}{i!1~S~ ~ I ~:l: of tl:~ opinion 
th·~lt th'~'~'6 is prob2.bl;l c nr;Jpa:rnti,,:!el:r J .. i~:-,tJ..e G ll:c~i chr::G11t to be exp~ cted, but it is 
ce1·ts.~:l th:;,:.t the s8con.~a::;r e:rfects \;:111 ulti :;1.s t82~r die cut, leaving cnl:r the 
p~~ :T ~1:,'::r 0:"9 cCl":!dltiO?lS as g~ont8r c.8p·~11 is r·o ·::~cr;ccl Q Bo":); rr:UCll f~~cth,;::~ i ,t v!iIl be 
na~03~c.ry to go to r·sacn er~t.iro;ty ~~1!1s.1 te~"~(";(l cc;:cli-ci ;-: .. n3;} it, is iTf.~)CS sible to sr:..~r. 

ll.. good d,s ,::tl of seco!".l.'iary ~:t ~~.acl : i~) note.:! at tlle Gl"a:, rfur..r~"31 le'flol b1,lt 
~. t 5.s chiefly rep:G'scnted by s:tpSU::fi H1.:cl -tJ~G 8:.:1s2.1 a:r~ ~)l12'rts of Ev)t.s.11ic minc!·ali­
~J.t:'oZ! Cl~CG1.!!1tereJ. L;iv~~ CC;;J:Jilrati\re~L.)r little to d. ~-·\J. ':l s:,,~"ee :':· irl.~5 c cn.clu::iDns fr6~:1.· 
'l'l1'~ striking ti1ing bO~~'~'e"~]":)r, at. tl": '~·~-;:· 1 crv"::;J_ :t;~ t~le dGvclo~;tl'2;l1t of ~rpStl:1, a sullJhate 
of lir':.J, fO~E:ed by a.tta.c~ of" the cl ·:)G C~:ld:lng :3ti.l r-~11t!!~ic acid o851"ir:g 1~2.:ter3 on 
tb.0 li::-.;3 of t110 CO~C:.l'ltl'\y- rocl<:w It op;:·GU2. ... ~::, t hoi"ef'"J r e 11 th.:;.:t tho s8ccndsr:r a.tt~cl-: 
is larg\~ly c)....l:;ended in trlis. l:S'"iJol itl r oacti.:)T1. ',;i ti1 tho 1 i rrv:;stone an.d other- con­
stituGr:ts of· the roclc't) It is ccrt~~ in al;3c f'ror:.. 'tb.is occt~r~,;nce, that tr16 sulphur­
ic ~cid pl.;.och.:~ced by o:'~' idat:lol1 of tl:0 s~pl~i~i88 r:igbc::- u? i .n the de!)osi ts reucnes 
at-:ln:l:::n.tly to t .his 28'\1"e1., b~t as f.s.~~ n8 OaSel'Y'llCd. thes':-1 o':~ida tian proce~:;sf]s 
t21c'::3cl'v-3s ;~·~e r:O"t YJrOr:linell"t, at t ills l e'f:ol~ I ,-:oul d_ be ir:clin·zd to think, tl1ere-
101"0., tl:nt 'c~:te~8i.~!o scc~~nd5!,y DQdificntion of-- tl1c arcs 'ii1ill l:ot c3.rry to any 
consc~1u')r.LC ·8 10\':61'" tl1!J.l'l t11s fiC!17J T'u:::nel tlnd tl:at b~l the t:1:::~G t rlis tU11nel level 
is roached essentially prima:::-;)' c',~nditi()nG 1'rill be 0!tcountcred in practically all 
of th.0 depositsQ 

It v;ould be SO:iB a tlvG.!1ts.gs, of cOllr~e, and encouragGY2'3nt if one could 
COlli"1t 011 extenD i."j{~ se conda:r~l o!'rr.icl~;'~~·3 !2t som(.3y;here i..~ this zon<J bet~ecn I<esp.eT 
lovcl and. the· Relm" Of this I b~vc not see~'l sufi'icient 0videi1co , ho-r:evcr, to 
~';arra~t axpressi113 Elny c.e,nfidcnce i::."1 Guch an cccurr9nce o COFFer is tho chief 
::·::;tal. to att.ac_h itself readil~r 111 tillS ~7ay and. copp~r is not abtU.1dant mineral 
in tho uppel" porti.onn of these dcr·Qsits c TIle opportu~ity!, th8:refore, in this 
d-1 ~~ecti()n fOl .... r..TJ.el1 crrr"icnment dOGS 110"~ se·ctJ. to be v e i.. .. Y good fro!:!, the mere 
q".l63tion of supplyo ".Ellis c?l:!11 -:,:;.sio11 Is borne O·tlt alGo by the bchE!'-\Ticr at places 
rl~B:-e the ore cSt.:'l be studied belo"~: gl~oun·:1. In th.e case o~ t11e Oth·3!" mGtals it 
ey.;?csrs th.Eit the3T yiold less readil y U!;Jr'\~'a:, to s l2!Cond.3~J suly;-'hidc enl-'ichment 
t~c;'ll C~pr~rj and. 1: rl:~~"Je not det:3ctf~ci nn~r 0~lidcnce 'of tbat k:1!1d of enrichrr:8 nt 
at all in this ground. 

On SCCOUl'lt of these C!("'!1;:: i ticO::13, I (10 not belie"v-a tl1at 82cond.al~Y 

er;.rich.:.~eT!t can be fig-~.l"'ed on as of' arl~r e C0110!:;ic :LJ1pt):. ... t3YlCO in these deposits. 
On tte otth3I" hal'ld~ ~Tith gTcat.t~r depth9 tho ordinG.:'~y alter!ltion typo or sec'~!'..dary 
c:;'e.nges vIllI undcuttedly beco:l'~ 118s~ and 1e33 p:;:onouJlcedtl On account of the 
effo~:;t of this chc.ngo on r:;.illin.; e.r: .. d nlil1:1.ng the ch~;:·::.:· 2! 'V~i ill be an ad:'/antaGe, 
Ot)C/1US'8 S01:19 of the 53conda1"'Y p:::-o/ju.cts a~e "'vOl"'j" dii'fi'':;l.llt indeed t o h.~r..dle,. 
B2~!JD .. ::!. t(~83e SOy·to of c hanges, I do :cot th.i!lk thr:. t 0.1'1.:-'" strilcing" d:'tr~rc11c8s of 
a sBc:;;"ldury !lfl ture are to be Gxpec ted i:'1 tl:o t1jcl')2r ;-·;O~\!{ir~·;s Ga 

(p) C~es'--~ ~~n~~~10~~ or ~ha A~a nc~~a~~a ,,_ ..... v CJUv VI.: ........ L-...vo_ .. J.~ __ v .. ... ""-I \..i __ ...., ..... .:J· v w .;.. '. ~\) 

Little need be said in C011r.!.8ct :lo!: Y~it}l tlllS ~att8r i 1'\ n.dC: itioll to 7:11at 
h~s alrsady been gi~-lC11 under tl1c ot.b;15r tDedings i11 C::I)l[J:nntion or tllO 01'0 de­
posits o It is pc-reeps sufi'icicrrt. to point ollt tl1n. t p1.. .... actically all of' the 
0-3 pOGi ts e:~p ):) sed i.n t!1E't present \7or·1:i-ngs a~"G liJ~el;t to be TS(lC:1Cd i:o- tr~D tlpper 
th!'-~c levels are cscentially OD:e{l d;;;~ .: Qsii~ .:3 carr:lil'~g both prtm31"'Y end seccndary 
011 (3. Very locally orc tla~ses !:a'-~r b8 £"OU11d :::0':,' ~nhic}: ct!"'e en cs:.e!!tiull::r pritJst-j 
cortditicn beCc.l!~ie of the close tCJct uTC of t!~9 J;'l:1tnrial or ottl'~r condi ticns 
gi-ring thc~!l protection f'ro~ the dO·\'imi,~rd ci:rculo'tir, :::r \late!":;. T1:.ey hn.vc hot 
succeeded in penetratinG_ \1"0.1"7" locnll:r, 8.180 in oth~r situnti:ns ora oinerals 
of' r;holly aecondurycbaractor are dete cted in zn ,:)l~O or lese .cbu.''1dance. Good 
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effected extensively, the c1:isf' ch~nGcn l~t:~lng r8p~esGntcd by altorati0n of trie 
ore in its C0fupositio11 and rcrr:.o'V~:l of' ear-.s of th0 r';nt(l~ialQ Thc-::re has bc~n VGry 

littlG £:.ct1..1al enl. ... icbr::ent su.ch Uf.: ,\"GS :fctl'nd ir:. ;:lCCfl,Y _ oth~r dist"ricts. Jud;:;inz from 
t118 C;-'; 2i ,:li tj.0!l 01-' tl:e ore 4:;] n;;\·~· e:~:~f)~8d. in tllC ~~:ol.~J{in~sn, I ~~:r: of the opir~ion 
thE:rt th'3 ':'e is Ijrobably' c nr;~PQ1"uti":Je1.:r li~~~tI3 a.n:c"icL;-~:G11t to bo exp~ cted, but it is 
ce~cts.~:l tt2.t the socon~a~;,r effects \~rilJ.. tllt:l :;},~t61~r die cut, le :}\ring enl:r the 
p~:' ;:;'::1 :,-":r 0:"9 ccr:~aitiG?lS as g~Gnt8r cc;p'::'h 1:3 r-o·?,cr;ccl o ?o-:t: z;;uctl re.t't1}~~~ it v:ill be 
na;:o33c.ry to go to rG2.cn er.\.ti1~oly "~:r: c.l ~tG ~,"~~;~: c::;.~:di "~.i , :.n3, it 1s iTr:~)cssible to sa~r. 

11 good. d.':A:1.1 of secor~.lary ~lt-~·ac1: ir) nQtG':'~ a t tllc Gra:, rfUl:r~el lO'flCl .bl.it 
:i.t j,s chiefly rep=0scnted by [::y-psu:~ gr~cl '~:h',3 S!.Js2..l Ci:::::iill::ts of =~0t.s.11ic minoral i -
~, ::..t :".oZ! G12C01.!!1·tcrf.3Q g:t~r~~ CC;l~)[l.ra t.i \,rel,Y 1 i tt.lc to (1 ~0"\3.~~; s:~"ce :·:· irlg cGrlcl us ions fr6!r~.· 
'l'l1 'J striking thing bo\,;eV(31", at. tl:. :·· .. ·;: .. lc~1'~t:Jl ~~s t;le d0VoloI_)1:1:::l:t of' 8rpStl:2, e sullJhate 
of lis,'], for-r:ed by a. tta.c~ oi~· th·£; cl '2GC821c1i!.'~g =.:'V .. l y..:bt.!z·ic ac id . 'be5.1~ir:g TI2. t,.ers on 
tl:o li~.8 of tl10 COl,:.l1"tl'\3T rocl<. It np;.:Gc..l~~:l thOi"3f':Jre p tb.3.t the sGccndsr:r attz-c}: 
is lCJ:~gi,,:ly e~"'Pended in this. 1&11(::1 itl r cacti .. .Jn ',~~i tl1 tho 1 im0stone an.d othc!' con­
stitue~1ts of· the rock·" It is ccrt~l in a2..;30 froG tllis oCctt!'l"'\;nC'8 J that trle su.lphur­
ic J.cid Pl'-'oGt:ced by o:~·idation or tl:e s:Upl!:l.d.O!J l~igl'!cr up i .n the CarjOS its reaches 
atu,n:lantly to t .his 1e\7'01., bat as f2..:~ L18 obzel~llcd. tbes9 O'::ida ti:Jn proce~:;s~s 
t2:.lc::-:301·v'2s f;;'~e r:c"'c, :J'!'or:l ins llt, at t1113 l e'l'J:314l ! ':'!Quld be ir.clincd to think, t11ere­
loro, tb.!ltC):tenDi~J'o scc~)ndary rl'Jdificati():a of tl1G oros 'Hill L'lOt carry .to any 
consO~u:ncc lo\~:6r tl1<;l11 tl1e ncl~rCi Ttl::l1el and tl:at b~'" tb.e tiz;r; tllis tuzl!lel level 
is rGa.cbxl essentially p!'i.wn::-j7 c·:mditio!1Ci -dll be encountered in practically all 
of thG depositsQ 

It 17:0111(1 be SO:1B ur:lvantsg5, of cOllrse.? and. el!courag.er-:Gnt if one could 
C01..D.1.t on extens i .',}'·::; second.a:r2l o!lricJ:'~~~·8 r!t, som:'3;v;here in t11is zane bet~een Kasner 
lovel &"'1:1 the Rehr:::.. Of this I h!lvn !lot see~l sufficient evidence , hOT:e"~Qr!, to 
~';arra::t e:rpressing ti11Y confidence in ouch an 'Occurrer.lC0 o COPI:-e r is the chief 
::·:;t3.1 to att.ac.h itself readil:r il1 tllj, ~) VI£y ,s.n<l cop;·or is n:.)t ab1..l11dant mineral 
in tho uppel" · porti.ons of these d.cPQ~;its cT!lO op],:!ortuni t:!!J th8refore, i!l this 
d-1 ':~ectiQn fOl'" t;:~ell en::~ichment dOGS llot sect:! to be V(~'J..--l go;~d fr:.')!!!. the mere 
q'.l63tion of SUPIJlyo 1£11i8 c"n(~1'Gsio11 1.s borne Oi.lt alGo by the beh~vior at places 
i;;"hc~e the ere ca~ be studied b~1.0"~'f gl~oU11d,. In th,e case of; t11e oth'Jl"' metals it 
a~IJcsrs tb .. :lt the;: yiold less readily u:r;yt:ta:l to S I~C011d3!"'J Sulr!lidc en~.'·ichment 
th2.11 c~Fper, and I rl::~ve n.ot detectr~d nn.:,' 0~lidenceof that kl!1d of enrichrr:~nt 
at all in this ground . 

On SCCOUl1t of these c!G!ldit iG::l~3 ~ I (10 not, belie"v-a at,11at sacond.al~Y 

er.:cicr.:.;..:.er~t can be fig":..l1ed on as of ar~~!' eC0110~ic iZl1po!'t3YlCa in tl:c·se deposits. 
Ou tte othGI" hal1d~ with gTcat.(~r depthg tho ordinG.ry · altero.ticn typo t)i' secG~.dary 
c:::::ngcs vIllI undoubtedly becon'~ lt8~ZJ .snd les~ pj;onou:c.cedo On account of' the 
effao-c of this change on t:illin; ar:.d r::ill:'Lng the Cl1:~1::: :·3 'r~iill be an a1;tantage, 
Dt;C:J,11SC SOC19 of tllC s8cond.a1""Y p~Of:1~J.Ct5 are ... \/o'J.. .. ~~ diifri'~1..l1t indeed to h~?r~le. 
B2:~T' Ctn·:!. t~.:.8=e so~ct.G of cr~angGs, I (lo !!ot tlliZlk thc:. t all:~1" stri1cinf; d:':a ferCl'lC3S of 
a S8c8z1dary !lfr('ure are to bo ex-pee ted i:(l tl:c (1~C~Ja.r -:;;o:ri.l-.:in.gs. 

(f) Present Conclitio11S of the O~~e Der;:osi t s\l 
1..i ttl·e n·eed. be said in c011r.:;)ctiDt: \:'it'h tllis in ndd.it io!l to v:hat 

he-a cl::eady been gi'l~~C11 under t11c othGr hoedir.lSD 211 eZ:I)lnnntion of tllO Ol'e de­
POS2:'So It is perhaps sufi"'icictrc to PO i11t 01l.t tb.nt p~"'acticall:.f all of the 
d,3pooits e~.:p·:)sed .i.n th.e present \"2'o:r·1:ings a~"'G lil:e-l~t to be !,G~cl1"8d in tho tlpper 
t~~ze levels are oSGential1y tliY':C{l d;~rosit .!3 carryi!'~g both pri!J31':r ~nd seccndary· 
O:Ci":;. Very locally oro nasses !:a·:{ ba ,Coul1.d 7:0':; YJ1~lic}~ D .. !'e nn cs::,et:ti!\lly prinsr-j 
COllditicn becc1.!~]e or the close te:xt1.2 .. re of ti;9 !:1a.t nrial aT' otr1·:)r c ondi ticns . 
givi<l,g thC~!l protection :rro~ the dOi'irml;rd. ciT'Gulctin;: t?atorn. They have not 
succGcded in p;onetratint;ar \lo.ry locally', alGo in ot11or sitU:lti~ns ora oinerals 
of' "holly secondur;r cnarElct"n' are detected in TIlO:;;' C or loscabul1dance. Good 
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4'1 "I.('"JJ...,..;,'l./... "l .. ....,~ oft ·~~i·~ ~ '=- 'r f ~.! ~· '1"'1'". "'-1·:~'":: ~': ~~ Co' '_'\;:;'~ '! p. ~_ ~' ~ u, '! ... f ~ ..... l- •. r.-. _lU~"' __ lJl (,r~.., O~ v.'::~ C~ ' __ ';_ '''. ''_ , :'""" "" • .:>t. ~ • • ~d. ,.~ ~~roUCd J,o:> v.le Vfulf .. nite 
oc~,,,·,· ,..,.~,.r.-.-;:""\Cj:)~ O'~ i 7": ... - \ I.'~ .'"':.t:l~ ;,"r.r.'! ~ ;-:. ~)~. :i;";! r- .':-: ,;, "' : '''''~ ;'~ •. ''' t,,,", o-r .;tf\D-N~-~~R~·clr\""'t.:l H. "1'h~l"'e 

_~J..Voi .. _w ... _ .. .l. ~ .-"", ....... - .. I.I . _ ...... ..:.. ... \..0'., ............. -" •. . .J .... _..; • ...t. . ..t ...... - . ~ ..... ~A~bt-.h ...... VlJ ............. O' ... j,~_..-, 

however, 9.re ar) ,·!:<.?:::;r::tl:' '[!).t . VGY':;r ,s','·:::,,:;;-::::i"l.,} in -:::. !- -; - :!~;~~' :;{t~ in the great 
~l"·!""··"t ... oj·~ c<·· ' .... ~ '·~ ........ ...... "",i( ... t"'I~.;"", r,"!~ '-r<~" ,,; .. ........ 1 ..... -it .... r,:'!. ; '"t-. . ,~--,.. ,. .... ~.,....,,!:) + ...... f' !! .. ,;.lJOJ..~ j _ c .. ·~ -.:..,.;;; ..:A':"'':; \..0-...:.,. -...1_ .............. '/ ..... _·. 1 ... )(,.,;.:.. .... _:...: ~~ . oj..:,. .:.1 ~~J -...!....J... l. .. r~.L. - J~.:...nv~ 0_ 

P'j:li::U."';y 01~8Q In s;:lte oJ.' tb; ff}Ct 9 ·;:~:;":":J .:' ~t!~, U:e:.t, Sit7l;:-~?~~J}~ '1(!}:U, nithol" 
·r r':"".···\ "~",,.\""'o+ '., , ...... , ,-., ~ht"'. ... -.. ,.... ,.~ .. , 1"'l_t::' ('r;~ ) '"," ~ .,:.;.. ..,;~ ,.. .. ..\....'!-; . ; ~ ..... -~ ""·h ... ~ ..;...~~ VA~ r~J.. .... r-..:.. ~ 0_ O.l. ... ;".. (;'1I.J_"W o~ .(.~.:.J"':'.;'._ ..... ...... .:..t. ..... ..:,.. J. ..... ·~ ..... 1." .... ...I..;..: ..!.~, .IoJV..!-_ J.. u_ ... ~ , __ l/ ... ..:.,~IJ v ..... .. ~~('Y~o?VIIQJ.l..s Sow 
~~, ···1 ~ -1;"\ "'''lie ,!",,~~ ... , r""~~~ ~'\.. .• '""': ~':""j~t''':"''<''1 ~."':"':'hi"'\ ~t ... '":I~I"" ~ Of" .;-'!' .... - ~ r7'·"~r..,'i'l'· ~:Ioh'~~-T_~ D . ......... v_e _ ..... {, ........... ~_};".~->o IJ ~ J"'" ~ .. ~ ..... ;;, ..... .. , .:..:. ....... "H _ ... .'I _ _ .. ... .: .... , ................. ~ - U.:. __ l' - ..... o ....... ~ .. r, c~~""U'.J.~~:tS , 

c.:l:·ri03 :;:i;~~~l," P~'!: '2}r ,,~~~:c,S~'::l:~::(~::~~:,~,y·~~(' r.""". ,-. f' .~.;- ~ h" , -:- -:" .' :~O:t~ (,~~" . ~_.~u _u O~. l,;!l._,_~ ., t .,." , ,," I.~", • . ~ ..• ~ ,_" .. _,_ .. ", u _ .L. ~~ w_""J, :L.d,,- vD tt!", p~~~~ .. ~!f' , 
t~.iIli.n~; and n1illi1:( ,~ .:.r..d ;:·c.~·l~~~~n~:: of t!-~~~ Tjl"odll:t o ~I~t:atev~~· m2: th~:1~ are 'e~le,~~~'~~~ 
E:"'> t, 0" b«se:i ~" +t, .",,,,,,, c-· >O"""':>'i'" ""0" " "" '''''' t " -h,." <:''''~cC\'''' ~ u'1 h;1n":-""'" "of a ~Y'''' ' ' .... t..r v '-" • u ..... 1,,1 __ ... _ \.-L~ ... t..I_\. .... -;.J":" .... __ ..... .:::..:. __ v _ ...... _ .-._ v .. ..,p.J.. ..1- ~J.~," "'~--.""e. ' ''.-,: 

V£ty"iEible end vary 1::tx::;Q t:r;:·c; wi? o:r'C!:~ }:..~/cn tl'l8 F·ri."":"il.:-:l ore itneli'c is exceedingly 
:11.:':6(1 arlU vc.,r!,at>1'3 c!:d this is ir~':'~c:'1:;;sly cooplicats:G. b:l the v.nri.able secnndary 
nlGdii' ictltiQr .. s E:1cl prsodllcts. The ol1.1}'~ G2~8 t:rpc= ~111ich docs not ftall und<:':~r this 
gGll,:;rnlization is the dis8Gmir~d!.t1o:n .!(;ype of {)l~es stl.ch as that representecl in 

f J' .,.... ~ , . I ~ - . -, '-j , d • 1- J th 30;::8 0 " ~l'!e ~lli"'~lCJ. unci Si.-:' ~:~G or 'Ll10 . ~~,s.Q LlJ....t..Y grounG. arlr occaSl.ona __ l.y ~'1 e 

IIilltop gTou~':l alld at oth0:r pls.cac -;·;r1.8~C;: t118 ore in so closely illvolved in the 
modified li~(lestor!c tl~8.t ~t.t is prote:ctsd f'~o~! iI':.OS-G of th.ese ::;ecor:d!.\ry ctaneesa 

Th(:~ disse;ni::1::J.tcd. c~e~ t11eT#t-:~for0 J ca n 03 fi:S"J.!"'cd on pr2.ctic<il1:r as a prir;:ary ore 
~:110rcver it i .s :eorr;"~dll ~;~Gt1'1ods that viilI tH:.r.rlle it t;ilJ. lL"1doubtedly handle the 
p~ima::::r corLc1i tion or tte othG~:'" ore boci i f:S t:;~~ they !"G3cl1 grca tor depth be:rond 
the reach of- Secondary attnck \\~r~ich. is S C~ })r·c;::::Lr!e~t, in. tbo upper 'fforkings. 

(g) ()T'i ~T:in of tt8 O:"' ;J rlYl ':i ni~~.o:.:! of t/r:D D8Dcsitn a 

T!:o C:cigl11 or t~0 o:tC i1 ,~S 'b~;:;!1 1·\~.!.\::rr8d to retJcat2c11y ill connection 
wit2:1 other tOt;icG~ p~"';'2cti.:~C'2.1:f i!1 ~~cr{,.J: :£!cti~)n · r!it·h the di3cus~ion of' the t.r~a-'&Jl 
Q£.. D~::nr.]."1.t.s'9 It is ~cs .;::'bl(?, t!lC:'S~·(Y;_~G? to condc:lsG this stGte:~~:d~t sO:::evihat Cl 

T110::e is Go·:·j i~t(~::~~3.1 ev"i '.:er~c0, \,,;l:icl~ is supported. a lso by the con­
ditiol1S not:3;(l in t~.:G ge::'J1,"':o.l S;801o;:~~t of' th,Q field, tllat tha or·es have beer. 
f':(· .... r.:c;~n~~ "'1 C Y':·.- _~1":l+"1 ..... ~ ~!~ +1·, ~~~. !~ -~,-·t- 0 ' 1 -r .. : ,1'~' '''''''-~'''''' ,-'''"r'1 J..~..,. ~ ·I". 'h::') ':;<::',., n /""";~'to ;~ri.4- . • ' _ u __ ... t.. __ ... U l.;. ... O ............ ...... i;,v_ .. .1 ...... 4._ '-J ... J " __ r .......... .!-_'" ,..) .)_".)~. _./ ~I,;." ","..A. "' ''''_ .1..0, .• v ... ... • .... _. f:')" ........ .... n,..;.~ -..;. ... t..-rllSl.OnS 

of the ·district~ It is p(:::'-'f2ctly C ::;l~trlirt tl'1,at th{~ Inetar:1or·phisTI! and the gGneral 
non m3talli,o ~i::8:·£.liz~~t, :tQ1:1 iJih:lch hns .u~0t! :'Lfi0(1 the struts so ~1Jct(..:nsively src 
connocte:i witi'~ ccrit2.ct G::r:,;~;;10rT"; 11is ::'l I)r~()d.l1ccd by tlle~8 intrusives G It is equall:r 
clo2.r -that r:?,:::t311ic r~:'::,3:' r;.li -23:t:!.C11 :1.0 il·lt ir;:2#~~·21}~ cOn!lccioa ~~:ith tllis sa:na CGri6S 
of pt"OC05S'38 cu:d, difitGTS from. it O~-QjT i11 a ctu.~n:::~e in tllG contact of· tho nin9!'al 
b(~t.lri11g So~Lu'ti~~·n.s so t:lst s1).l~hiclGS of tb.G tl1':tn.ls y~"el~e developed more extensively 
after tb2tt cbc.::zc (:::1::3 t071~~d and py'"s.c:'ically at the close of" this contact 
r.e-caLlorphic hi S'(,Ol'j'" 

\\/~ cr'her:: :13 fct.hGr ev-:l.d.ol1ce t11at tl1C ora minc:rals b.3.'llo CO:~9 L"1 i.4'1. 
sOlutf:f.cn at a cc!~;~a:l2ti"Jely high tCl:'l;Jcr3.t"t1.7(-; b8C~t1..1Se tl'1cy pi;X;(1tr:::ts rocks of 
vGr:1 sub3tnnt:l.t~1. c::3.~~ct,i".? l~ a!ld ~·(;pl2.ce mine1.'"a.ls cher8 .. ct\~Tintic of co:nparatively 
high tGr::F G :r."Qtu,~~8j £.nd {.!.i.:~~ 11 p:rCG;:nu~8 Ii 'The co:;;,o -1"f1:ltion of eorJ'iuence, trlc!'cfore, 
fa~iors dio ~'J o~i':ic<~"l f1.~G:1 hot wnt:3r SGlut.iGI:s cont:c'olled by i~Z100U~3 inflt13:'lCeS 
e~nd" prGcipitut:'O:l out of soll.rtiol1 ~:hilo i~1 its C.5C,3.pe Cl" ~i:rculatiGn up;;ard 
th1.'"'ough· the for:c::tianG f·or~ir:g tl~e H. 41~ltop l)loc}:_$ 

[h::;'C 9..::r;o of the fact tn·at tIle chief m~2:tallic substances V;~;l~e car'~ied 
m:>st abu~'ld:,l'ntly· £;.:, tJ::3 clos~ of tho ge:n0r8.l r:1inc!~a.lization b,ic'~cr~l, t ·1:e other 
el~,fect3, stIcb as the G.~!'bli2ation of the leTter beds, th,::; · silicif:1.c!lti~11 or so:ne­
of tb,e stTa-ca ar~d ttG d.8vclo}:t-;cnt of nilicates il} other beds rJas practicfJ.lly 
o'efore thzr~ ti~T;8. '~t18sa tran.s.fol~m.~·tio~s h:~d r:;z.de the loti-or rr;r)n1bers of the 
sc·ri8s . c:{c8edi~61Jr ti f~l'1t c.nd tODgtl aTI(l alrr:ost impGrr~1eabl0 v~'hcre7cr thes::; mcta.!~o~hi( 
effects t~"e~\3 dG~Jeloy.:t:d D ft o a c011seqt1e11,ca, the ciner'al5..zing solutiGrJs of the 
final S"t,;2ZCS fcun:l thcil~ escape end ci.rclllati~11 c ::>n;J idert.1bly onstr.lcted or 
distur-bc(t in thenG \rG:7 places t::hich hnd boon. fort~orly t11e cl:ief zone:5 of 
mi.'<l0ralizlltion.. Instosd of' i'ollovring the old lines, they had to find Dc-., cbanr:cls 
of escape and cil~C'.tiation through other beds which had either escaped tho oarlier 

) 
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illustrntlol1s of this cC:-: '.E ~~ :L;::: ~;1.::':- '08 seen 8. t ~f~roUC:1 as the -vf~f~nite 
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lnsjurity' of cs ... s~s nre clc sc.'l;l ::!.s0~l C:~~1~: c:J :-:it:1 ~~~ ; ;l (JtPco~r~~I~ent:; of 
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a '!.'::.ole in th-3 peert- of' t:~ 'J r:r:)'.; :r:,;- t ~.,;· it,hir: r ,:::::.cn of r..;::e pr3sarn. e~l()~"17 .. 
c.:;.;r'j,1 io3 :d .. :?:ecl T,'l'i::2 .. :r'j " [:.2"-C: s':';::~jl: 'l;:l!'::r C::·8~~.o. rlt.~ (, R$'-i'; 

This is of C!1:'~~~:' ir-;;:':.(,;l'tc:::r.e'::, b ~~ c::.u~e of its bearing OD the ~)"6:f.'!"-~!fJ 
•• , .. - ., • .• ... .. ,...,, ~., .. . "'; ·-1 .... ..... ~.,..., .~ - ~. J...l~ .... /~.... - ...... \ '~-l~·\,- · · d ';: )...-· 

r.;. 111lni~ ElrlLt rn:tl. ~. :tn .. :: .:.r:Ci. =:~~·:-~G"tJ..n~:: cl · t./~ ·~~J p l"OCU1C'"C o • . z.:.·!> >..; t:./V •• J, rrk , )..Ir .. u~.l~ 8...t"C e.~ • .,. 2.~~, .-'.ll"' 
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v9.!"i3ble ~nj vo17 ~i}~::; d t:r;:·e uf O:-CC G E"7lcn t118 p!'i..~ll='Y ore itG81i-- is exceedingly 
!:li:\~erl and v~,r~,ab10 ar..d this is ir~·:·:c-:''1~;31:~T c;:)D.pl icatcG. b:~r the varl.able secondary 
l.nGdificatior~s e:"'id products. t.rhe ~)111y G1"8 t~rp l} :lb.ich docs not fall unch1T this 
gGl1~~rQ.lization is the disccmil: tj.·t.1o:n .JGTpe of ol~es s1.lch as that representecl in 
SOi::e of the E~"Gk~ and s\.:~::e of th.c I.\~ .~:d Lilly ground a!ld occasionally L~ the 
IIilj:top ground Zl11d at otl1:?-r . pls.ccc 7;Y1.GT'::} tl'1G ore in so closely irr'vol~led in the 
modified li:nGstor~c tb.at it is protected fl~O::: 20st of t llesc !;ecor:dary changasa 
:Chc; d isse;ni:1n.tcc!. c~e~ therGfcro, c~n 'bG fi:S'Ur'od on practic~iJ.l~r 85 a prir;:ary ore 
v:110rc1'J'cr. it :1.3 f·Grr;t~d.4 ~;~.Gthod.s that ;-;i11 t'lcr:.rlle it 1iJilJ. undoubtedl:}r hanrlle the 
prima:;:l conc1i tion or tte oth.'.3l- ore bod i es ti~~ they rG~ch grca t~.r depth beyond 
the reach of- $eCOndal"'Y attnck \~.~hi.cI1 is s o I>r·::;;:jY!ent iT: tho ul)per 'fiorkings. 

(g) OT"i ::~~ jT1 Dr t t8 ():-";] n.nj IL~;:! ~p-::"-.r of t):~ D3DCs i7.1 f3 II 

Tl}Q o;ciGi~~ or t:--~0 O ~"G fH:'3 'b ;3;311 rcf.\ ::rred to re·!.JcatGdly i1"1 connection 
w-it2l ether to r;ics, p~"'c.c.!~i~C'J.I~! i!1 l~oY~:. :nct i~n· ti it,h t he di3cu83ion of the tf,,;iJ"&Jl. 
n..r. J)'1;;(HJ"!.tS~ It is pcs ·;:::''blr~, t!lCt.:" S2.')o!:'G,? to CG11dc:lst3 this ste:tc; :~::dat sO::evibat~ 

(rI10~e is so·:d i~te:"~::tl f:\ri ·.::er~c{J, r;l:icl'l i s s:llpportcHl also by the con­
ditions not::;;d. in tb) ger:-:l"21Scolo;:y of tho field, that the ox'es have bee~ . 
i"urnisned il1. c()r...:.~sct iG:1 rlitb (::.!~d p r-obc.b17· de·r"i~iccl i·roz: the ,i.gnG01;S il'1trtlSions 
of the ·distr:1ct~ It i s r: !.~:"'f2 etly c ::;rtr:lir~ t:"!,at t h'3 mcta;-.'1or··ph isI!! ancl t he general 
non In3tttllic r1i2::8:"2.1iz~t:tan \iih j,c.b hC~8 Il~ ::; d. :tfi0CI t h·:) str~ta so ~·3:.cten5ively s=c 
conn~cted v:iti'~ cC)rit~ct r-~'3 ':,;~ ;'110rl~11 i s';3;1 I)l"'\){ll.lC~:;d by t~1e~8 intrusives ~ It is equallj .... 
cloar th·at !1-3t2.11:!.c r:::l.3:'2.1izatic11 jJj i:!·lt ir:.~,, ·t~ly c021!lcciod ~#i th tllis sa:na series 
of processos a1':..(1 cliff·CTS from. it o ~-uy i11 a cban:·.:~ o in tlle contact oi~ the nin:9ral 
br,~uriI~[; solu·-ti~· !:s s o t:1::it sulphic13~s of ~cb.G D1st3.1s Y;61"C developed !21ore e:t';.:,cnsively 
aftGl~ thnt ch2.~:5C C:1::a t07~a~(.1 and pr"sc~:1.cal1y· at the close oi-' this cantaci; 
uet.aJ:1ol'phic histo17" 

\~ JI 'l'h9r,G :LJ ft~ttsr evidol1ce that tb.c ore Einc~als hava 
solut~~~n at Il cC!;;;,a:'2tively high tOt1?0r3.t:u:,(-; b8Ca1..lSe t.11c:{ pC:l~ (~tr!:lt8 rocks of 
VGry substo.ntia1. C~:~?'~8,Ct,Gl~ and 7.'cp18.ce mi11cra.ls cnerv.ct(;Tistic of co:r.rparati.vely 
hi:.~h tcr:perc."t iJ.:t "2:i £.:nd b.i::·.~t1 prcsznuws: fi 'The cO:;~b-111J.tion of e't'J:lc1';,-:;r.:.ce~ th,e!~efo!e, 

.±-"8.:JOTS dj"G?0Si '~ ic~ f~"'(;· :1 hot ~1£ltG r :3Gluti~ns c0ntrollcd b~r i .Z!1.0 0U8 influ:J:1ces 
c:.nJ:l precipitat :,o:l ou.t of Go11xtioi'l r:hile i::1 its o ·scG,pe ell! ~ irCtl1at.ion up~1ard 
thr~ugh - the for:::"';tia!::J f·or::11.l:g tb.e E~l .. ltop 1)locl):.G 

Beca"!lso of the f a'ct tlj.~t tIle chief m·::tallic substancos v;\~re car'ric(} 
u~st, abu~1dantl~! 0..~ ttB close of the g,~n('~r~ ri1inc:~alizaticn 11ic 't ar~l, t1:e other 
effect;;;, stlcb as the r.:e.rbliza:Gion of t.he lC';Z 61' beds, th0 -silicifica tion or same ~ 

of th.e strata ar~d thG d5~'lGlo·~r::ent of s ilicates i11 othe.!" beds fJaS p~acti(;ally 
b·efora thsrt ti~~3 . '~t185a tr~llsi~ol~m.~ticps h:~d rr--ad,e the lO\7or IT.[) r!1bers of the 
s.c-ri8s 'cxcoedi7:.; l y t ,i f;ht c.nd tough r.~ln(l nlrr:~st ir:lPGrr~1(:~ab18 ¥;r~C!"€fVCr these mcta!no~hi( 
effects \-;e~\~ dsveloPGd 0 As a CO!1seqt1C11ca, t he oineT'Ul:!.zing solt1tioXJ.s of the 
final st:::.~cs f oun:! t hail'" Gscalje end ci~rCtllati~ll c:J~sider:J.bly obstru.cted or 
dist~Lt'cb0t1 in thene V'G:J~ J:',l aces ~hich had boon . ;formerly th.e cb,ief zor;e:5 of 
mineralization" Ins-r,ccd of following the. old lines, they had. to find mn7 cbanr~ols 
of escape and cil~~ilation through other beds which had either escaped the earlier 
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::~~:. t.-;lcl~ or "V.~erc so d::f.fercnt· in ~b:;T 8:!. C ~: C~·:2.1"' ~C7J~?:'" ~s to bahev'2:! d.ifrel~ently and· 
a.llo~·= ney! COUTG9S Ol.~ ci:~c~~lHtj~C;-l~ t:) C~; o:~ ::;!.':::d,t It TIa s urr.~(; r jus·t such cor ... dit ions, 
I ar:l S ~.ll"'8, that the r:ctn11ie d:.:po~: 5¥: 3 :~~::.~~~:-!:3: . f:.l1 tl1rac o~ -tho "9ril:?lS.r:'" t::,ry)cs 
hav'c been ~:'i~!dQ~ 

Dev~Jlol;r~cnt of theG?:; del",;Orlits ::::J.:;- hJ:vC: t9.}~orl CO!ls ::(ln~able tiL';C un:l 
1~i};~; s: i t ~~as going OIl there ':;{,32· cor:tj.nU. Gl:~) .::efo::::r::3ticn, re~)!'\~sented by ti16 

c.¥c-G;-::J.in~3 of the block ar:d the: [.~:.ldi~; i~"):-~:.l fr~~ct1.1:··:!.:lC and. fGl.lltin·z 01..- n:-)~:10 of the 
00,:13: anJ. those Df~-:;; l:l:DS of ~:Co.1~I~GS~ f~:'::i::l,~d [;dd.itiono.l 1:lTi13s of circulation 
IOi:" the latG::' ccn.'{..j.n:;,inz s~.:ll;.tior..3Q T!:-ns it hC:P:'··:::lS t.r!D.t tho d.eposlts of one 
t:~~:0 ::;()::l~;t5.;!lcS dit:~rc;:_" ~8.t\.1riD.l1:.r fr~;::. t~:~lc.:C c: 2.i:otl~Gj" t:rp'8 ~~~ r'. edi~~tQl:r cdjacGnt, 
b·~-t ·cr.ii3 d:lff~erGr:ce is n.:-:;t ()f lC:l"'r;:: s:.~~:i~·i~c.!leG~ ?hey r21JrQ ~-;cnt d))~fe1~8nt type~ 

of mir~eralisati_cn1 c~,1aractol~izI:.:.~;, cl~. :i\::''1 ·Jt;.t .::rtJ.CC!s in t~lt: ~"J.iner[).l:~~ation r1:tsto~J 

ra-:'?-:G:' than al::r ir:i}J .. ::il .. t::.:.rlt d~f.?G!"' { ;!: ::s c: a ::J ~ 'G fll1.1:jr:.rr.f::!:·':'5J s:Jr.1c o tJ;].doubte tl1y 
~150 there i~1 GV3!:'lD.l)}'jj:cg of' mi~c:~2.1i:3t:l ':):: .l!1 the fo!~n of" r8placcP,(~~:t a~cl 
c:::c}1a11£;c$ cs thf~ ter!pc~atu.re ;)~ th03C sol::~tiJn~~ c:1an::ecl an(l finnlly died dO\Ttl 
to 0xtinctlon. 

Fro:-n tl1c nat:.~r~-:; of -cr\e o~iSi::; C:::~-:G i~ic!"ir:g t11e s"tr'"t.lctu.ral c-au:.ii tiorl 
of t,l':.8 co:.n1t:-.:1" ro~1{ i -no ~.Thicl1 tl:e ccr>:)sit.s l:.3.d. tc be fnrr.:3d, O!1e can read1~:f see 
that a va~·i\?t:j'" of' d~3J?O::~its oUGht to 0'::; 1 .... a;~:': 3 ·i a::~l t:-:'at Tl:incr3.1:i..zatio:=J. migi1.t var:, 
nell_ be 77iciGl:;r z'cattc:tstlo 1"118 ess~-:r:tir..-~l ;:: :." ::.ct.:1.c~~J_ co:nsi!:l!;"')ration is tt~e fEet 
that. the min'9l~alizin,g soluti()ns ~7i:' :'~2 l""isi::l3 EX1d escaping solutions and tl1Ut ttere 
cller:.ncls ar0 c:,~icfljr ·191~tiC3.1 7: :' -l~ .: ~ !--:'~:.::Y' 12..:,~;:1al subui\ricl:lngs as the~.J r)8.S6 tov,;ard 
the surfac(:)~ In tb.is vru-:/ tl1(~~. · ~?:'c.:.d (YLrt pro~ r~bly' to l:')ng dist~1:ces laterally 
V;I1ero"uor t'laalmr:3CSC3 of suffjJ.!ic:lt imp:)::~~-Ga::~ ·3 r~erc f';ncou:ltel'ed t~ al1071 the 
naters to penGtra~o. 
s.r:~r·l:;adil'l~ bodies, nQt CJ::l.ctly· eli i::~:"~ ;3~'-:'i:: ,'} j b(1C~~.:~~JC tot;) ~~njr ~rE:nCl1in£:3 nare 
IJ03f5j.ble, ()ut :1:)::(:; 1:l1{'8 the b::':l~"2cl-:::..nz c::~ 2. tri:;0 ;qith nn cCf!n,sio:r!9.1 T:1arked s?r$adL~g 
latoI'ally ir! an;? ~;E: .:';,1-:n35s a10n= ",t0i~1_ 11.1-:"-: :;',J11~~S:~3 01." pO~:·otlS lfi:re:c's~ 

Ttis CQY1C I9.ptlo!1 of the f~o~~ of t:j"j Cl~t3 cleposit ha~ boerl referred to 
in snothf~r con:18ctiono Its i;-;;I;orts.!.1cn 1i·.:3 3 in its beari~g on ~!Jt'b.ods of exploring 
ar~d il0~1{illS Gl:C}1 gro\L'1.d, evidsn-~[lll:r ~~l:e z2cio:1t courses to 1'ollots 011ght to be 
th08~3 sa;;.18 bl")~;'11t!h,es rr~o.cl1ing clo7Jl1:7.J.1"(1 tf)~::~d the ~ain fee.ding cr.:.!3.:8:;.els or £lources. 
Ln t3ral ·expl~ratio.n is r:n..1.cl1 f!1:;1'r:; hit 8.11.1 =:1.3;3 rfo:"}-c. There is COY:.lpul"atively 
lit·'t~/la IntGr·tll cbnn~:;ct ':on in :;"~;:ist CP~:--'tf~ .... "1 ':.n~,y ))' .... .,.+icu1~, .. 'e"1c?1 but ver+ica~1-r 
J..'! J. • 4 ", :'1- - ...... , .... ~.:; v __ ... :..... ... ~!.-...... - -~- _..... '- s.~ .. !_. ,._, .'," .... ,.,.J.v. 'i,.,~.s ~'"~ 
1I11ese GonnoC~J.or.l3 8.1"G un;""'0ilo""'GCCL~~~.r [10~"'O C,:r:i.:tlli·.,10US a ~~ .c.-_. r> 1-

1\j~~'at'd t:~8 clese of tl!G ~.i~/.:;:-s.li:3ti.on epoch still larg~r d:,naI~ic 
distur':.1a!1c.es i~~~ve rise t!.) t12.8 ls.:'~3'~;r £'·~:11:'5 ~ In :r:un~l placzs the ores are c~,:t, 
off and. di8placed end ot}1e.!~Y:ise dc.fC<Cf~2d :"'''1 u ~;3.:r th:=-rt s~·~c ·\TS b0:~lond qucstiOll 
that t}le~t V~\:~l~O for;]aQ before ~h.a~ ;::ov'C:~ ~::::t too!-\: !Jlace 0 SO'~~le of thl3S~ !:1Qve::ents 
"cool..: I)lace 50 I .etc in tho b.istG~:~- tl'":.f: t t2:Q~f arc 11ot· no~! h~s.led U}1 at ell. 
Ind20d S:):;:(3 of th-8S0 :;1.~G8.~'(3 t:.nd di;JP]_;:~ce ~.:2:1~~S rt),a:r b·s of an e2:l"tirel~' differont 
ancl s"J.QSeql1.0rrt t:.!T.:'3, not C01"lr:"2:ct2d y:i·t,h t:-:fCJ r~ine~~'ali z~tion cr;Qch at all y~·:-_or82.S 
otll~rs, notub~y- tl'1~sa ~Nl'}ich cs.rr:,r s ~: :', C c~c elc\r~ .z their COul'''ses certC!ir.J.j-" deve10ped 
dUl~ij.'1g a:~d ~·io7;·3.rd. tr18 closo of t1:D Di~:e~:-2.1iz3tion epoch. 

Thu.s it flap:,_:Jens t1:£!t s~r:; -:: of th·::; c~oss fract~l,res are co:r:pletol:l' filled 
\'7ith ore, sori1G e'pro only 1"'jc..~"-~Gi3.11~r f.ill:3d ~'/ ith o~e~ ar;!:l ot.hers .have no m:tn8~'als 
a.laT;.:~ thCD et nIle; iJoJ't3 oi" tbes>n disp12.C 8~:-: ·?11tS belong to a period s~bscqtlent 
to tl1c t1inerali~ation epoch tl~,~~r: :8fo::~2 ,. ~T:.j, as a consequence, they are nDt. 
ver'v nroritable st:r'J.cturcn to fDllo:,!. l .. ;:t:r0nl( of wuul-{ncss, ho~."ev6r, vFr;ich ShO'tiS 

sor:~ ~r.e.r2.cter:.~ t.ic nin1aralizot,ic:r: ::l -"n.s its COUl"6SC, us, If it ha.d parti-~11y" 
ncaJ.,::d up by' r~irL8rD.1izat5_on of tl, 0 ri£:::t :,ype~ [;!'B profitcble lines to follow 
in explorat.ion b:)c~m8,3 they nJr::~lly t::r:d to lend in the very courses . t~~t the 
~olut,icn!3 th~n~el'\"tes bc.vQ f01107;od. 

It i~ V'Dry nct5cable in ~.}-,o ,:!~ri::'nG8 th::!.t wost of the so callf:d o:-e 
bodies follow at no grt:ut distar.cc rr~'):: tbe hc.nging 1":a11 of the Hilltop quartzite. 
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rfh.is :13 in !'(cHIJing Ytit~l tl:8 pr5. n;:~ ipul~· alres.dy e;:~pl:2.si /.,; ed, th,:1t tIle ,solutions 
tJ~rs risi11Z and escapir:g in the:l~c n·;'t."t1..tr8 e.n:l bs c".s.use of~ th'2! ti.g}~t character or 
t!:lC hc..r1.ginz r~~slJ., could. Gl) no f·srth':r in tho.t (llX'cction~ Being h~~ld baclt; some-· 
"t7h2.t in t~:~ij:· ci.rc:~l~!tion by th .. [l t c c:c,d it5_on~ th8y' h[1."\"'e t>::en cncou.l"'.::lge{1 by this 
str~Gn:'l-ticn to droo t1 part of t11 t~ ix· tlitiOl"' s'l lead i 21 tt~0 tlG-Gt c,l'2"E.lilabla T)1D.c0s 
in t~:e Upp3!, portion or the q1:u~rt z.j.t8 s o 

T~'1:ts hes sO~9bearing 0;;1 t~l.O Clli8sti()ri or de::ptr.:. b3l1 ~J.'!':ior fo!' e:~a.:Jple: 
of !!F) tal 1 ic to 

and 
2~ V-J:z;.t flTC t}J,e st~uc-Gu. i."'al C ~}:1~;:lt5 .. ~)ns G(r'vorn5_Z1 :,~ t~'3 C:istl~ibtrt.ion in 

tho~8 pc.r-ts of t£tO block trc.:\.tcrs (~d by ti":.8 escc.p:in.~~ soluticn3 befo:,e reaching 
tho Ilill top C1U~1.:ctzite~ Thcoo a~~e ~li2cu.s sed. bGlo~" ;' G 

(a) i·-he l;:'uGstiol'l possir)12 c",jS C:!;;O of" ~(jSt., of the ::'6'02.13. 
?3ost of tIle ore depDsi ts ct;.~e d f;vcloped :far ll!) ill tl~e serios, tlbove 

the chief illi~181'aliz3tion of nctn;c;:)l'phic sort~ c.nd. in r::'::':flY CC.:l '3S as fSI' up in the 
could be !,8Qched;l that i3 9 the:: 11£.11 top qt:artzi te b·ocsu~e the next 

overlj"ing memo:Zl" is alr:!Q5~~ :l!lpan .~t~atiolc lir:l~8tol:leQ It locks, therefore, as 
tbDur;h the mineral c2;.rrying solUtt:LOZ1G l::ld a "v8r:y citi"~)ng tai'1ds~c'y to rise and 
esco.pe o The S3rne in:press'iO!l ~s c~~ tbt:.~l~cd £trc2 th.c 1l~;pC2.::21CG of SO~;ie of the 
stl'Uctm"al dot!lil o£~ certai.n of tl;.() ·0.::" ·0 dGponi';:,r:; , ,fo~ e~Q.:lplc, the rni!2el"'alization 
at th& Blacl:sr!~ith Sl'10P 'i1.'t-Yinel v In t heso ?lac8s the fi!2g9T like projections, 
In3rkinr£ out th!3 COU1"S·S of t1"lC tlil.l0!~al:1. z2.tioll G~Jen ~n tl~.0 d~;i;S9 quartzit~, 
pl"c.·otically nlvtsys e4~te11d decidedly' u:P"~\' ·~l:cd iJ.:stead of e;~:tend,ir~g prominently 
side ;v:lseo Ie t th!-3 rock B?penr;[J to (;'8 the SC.:19 01' a!)~·:rc;'::;:;.::.tely the sa:-!~e in 
O!1:~ dir·:::ction as in t h9 otzlSl"', [11:.d ill r;1 ;~11~! C.D.SC s th~1 "be ddin2; v: '3ak.zlesses certainly · 
e:+:tol:d latc:!·ully qtlit'3 as r::'ell 01' batt,c1~ tlin.:l i2l ..'G!:e otl~er G i::, ~~ction4) Trle fact 
th~t thes3 fi!!i~e:rs s t:'1:G(1 so pro;:-!:lI;\3t::.t~,}~ l.1.1)~'1z.rd 1 (;<".;.1s ~:::c: "Co 'b3 :':0~t/e that there 
'was a stl.~ong l--ising' -ce~(le!.lcy .in til::: colu:tio11S r:l l.ld a · .. vel .... ' d~c i Q:::d. ~~ctempt to 

~c~~~r~~n1;~n~~~:c~;Ckl~~h:~:':· ~h~~s; .~r.:~~~ t~~·~·e ,., ~"51:~~;~~ ~~:;:2~~::~e~s~~:d wo!'k 
all of ..!vhe rnlncr'!'s.l load tl:2t thG"j-~ C !1r~~i3d.Q In otl'::.el' CD~SeS9 tI:'3:r see:::ed to have 
reached to tho hanGing y;all ar:d on accc:mnt of that occi;.r'..lctic;!1 t hey follo'.' ea. the 
t\'ea1Crl8SSaS of ·thzl"c vi.cinity bn.i.i I:3.::1!=;'3~cd by this c·onfil:,3d condition th·sy 11D.ve 
bcc~ oncourc:\ged. to lc~"'i,te p8.1~t of thc il~ load. t.l'18re elo:iZ the COUl~se of escape. 
Thz fact t }1.3t tL1(:l'!..~ is r:lOTC lead on t r:e I{~;.spc'i." IG~el then OD the S1.1rfeco docs 
not i 4 c..v IJr t11e idG.~ of larg·c t:. Y~·:;U:1t of loss tl!r01).g2'l this tenC!'$11c~r to esc2.pe. 

Loua; i~;hic11 is one of \~h ·~ c!!ti(;i" O'{31l12.ble !!':·3tals. i:1 tl':8 d.eposits is 
rGg.~:,('led a!3 1:3.·1ing t1 tsr!derlC)" to (; aL~~~y f:7.:r f~~C!!l t he S ')UrC8 of s;'lpply ill 

. m:L!lGralizatiorL of this kin~l. Tr-L:ls docs riot, apply so dir-ectlY3 ' hCTiever, to the 

is ncrticeblc also tl1at t.hG:t'(; is a g7,·::=:.:."t t d3nl of l"'ep l::1,ce~:E·nt of t 1iO rocl~ along the 
'Zte'::l, d.G~ileloY' lI1.5; c on3 i do:t:-c.bly tuoJ."O 01'\) tl·:nn co~:..l d. ;"G~·~. ~: :~ :..: .-J.~;" hJ.v"'~ Co t te~1 i!lto the 
sir:lple SI:;~C ~3~1 at arfY tirE:!~ op2n for it;:) · r::\ceptiO!l~ ;l'h:ls r::;pl~:cf?~:!S!1t tendency, 
ther6fol-"a, nod.ir'iecl t h.s tel:d.0 l1C!! to e;~c:~peo I:£ '3t~i;t ion. r;itrl tto r:2.l1s also nust 
have !:t.ad so:ne pl"'ocipitating ef·f F·)ct Q 011 ~CCOUj~t of tllis rc;pl.~ ·cG :,{;Gnt ar:.d preciv.i- . 
tating --(,GndC11cy lihi,:;n may be eve:1 strongl;) l'" at, C:e0r~.;:~r levels '\::hc:re pressure ~as 
{:::'2:::tel~ nnd origir".al tempf~.rBtur-3 ~·nlg 11:'1.Q·}jer, I S8·9 no r2aso~ for arg'l21ng any 
; ... :--, ",, "l>~~" "} .'-;~ ,..!".I !:: .... ""lc./..;01'l l'n t'L.:,~ ~ 'j"·"'!"'''I .. n't· o "'~ r'i'h~l"'"\~:-:--, ~ ., -1 ..,..,~ ~ .. ~ ""':;'" "·7.;t-~, .. :'f~."....~~ 1\ l""r ~e· '·r· c· · ·~·· """ .'"-,:.J ~-"';"-- ~""b ......... .. ..1.. 1..4 <.J ..... ___ • .1 .. ... :;; ~.l.V .... ~;.) J. .... ~ . .L .I. .. .. ..... tAJ..._4 ... I::l.V.:.,. t,. .... _l . ,_V.l,. .... ' .... -vl;..,. ....... o lLS ~ Q",", cu .. 

tsl19 t he i:1dtal content continUi)cl to bs fUrnisDGQ in the sGlutiGns practically 
to th.g closs· of t11'3 rJineralis[,:.ti~n :h :1.stO:-r-l, ar~d. i~11cl""e:tcre, t'iete,lJ. ic ·minerali­
zation OUgl1t to appeal" as tl1c fi~'1~tl £lenli.l1g of all of t h·s circulation channels . \. , 
dovm to,;ard the S OUT CS of supply. Xt mcq be, of course, th.<: t the feeding chs.n .. '1~:;S 
,;ere exceedingly i'incly dist ributed f.l:1olmting to 8: sosking t h.rouGh the rock ""':'{ 
u:ctil openings such as these :L1l the quartzite wore encountered to give better .. 
outlet. 
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(b) Stl"'J.ctu!'nl C ()~'1:1i t5 ()l";Z t-'..,d dis-c,u!·"oe.nc;3s of Ch0. '"~-oS~)'ithO quartzite. 

Tho qusrtzita c.::ps dorm as -!1 . 18.ye:r ~: .... r~:::_'c~~;/eu~d!~~~C}~~~~~:~~h. '7 The 
ieX:'tCOU3 :Lntrus-i."!(~ rna~"1::iez :1:hich "~'I/·\.;re l.)l·lC/o .u.bl~! ~Lv ~ ... }t~'::'·~ .L v.u~ r¥~:'''h ~ ~ 

.. , ... ''''\.. '!o "'" .. ~- , .. J ' <1 ., J.... .l.. t"lO .. 0... ..d 
~·~o J..u"G:lc:.ns J....1 0 C'·~l~"',71 a~ tl f"l, ~":,>:"" ::':l .,~ -.:/J~ n. ~~:"~ Q"i' c-;-,~c tn0~13r,ji""'lCl. ! C.~ lI O[ :roc;.; S~·~'::..i1~-:" .-

1 · .t. ' .. , C '-':~ .. """ ----_.;- ", •• ~ •• ~. ~ ." • _ •• - ........ . -~:'J..- :,"..<:,n-·,,~-:"J..':' ,~. ~..,;.~,,7.ni. "~, (' ~ 
-Y1ne '>1.:::8 qu.nr·t .. z::.: .... ~. i!l!100:: :;n "vDlS :;,.r.·i:e:~v(: ;'": : ... :lb se: .... J.~i; v~.t~ .~l ..... ~~ U _4J':'~ •. "(-~.MlJ""Ai·J, 4 

n:us-c hav'!) pa8cGd to l'G~J.ch the qlw~tzit~3 bs<l" 3ince ti';SSQ st:..·at.~ a:~e ;r ~~""~J:~~ " ~ 
ql!2.1ity f~r'o:i t~·~ q~r:.:;.,..tzi to d~):.:btless t}~e ~i:~8::.~·.:.1 iZ:l ~:.:lGn Y'D 1~ ~;V·1 o~ 4 X' t 1·~~ ~""l ~1 ~ ;;.'ti:' ">t. "' v"-' ~ :.'-'" _ .... .....,01. L .. I. ...... ~ _~ ~ I\~~ . ~ 
cli..fl~8r-011t G ?Cl~11:<93 it follc~~;'::: f: .. D.ct-;_:~ .8C Ol") ~~: ·,~8.2:r:·~~JcQS 11.1-:::G th038 i11 tll.8 LS f::l ~. ~'r 
Lillj~ g:i."'c:.:.nl. flcYJh::DS CD th~J c(,Jntrl;J.X·Y ~ it.o i:·;~l;ly- p!:11ctra t C]S tl:2'se beds ~ SC2.~:':ll1g 

tl1:t·Ot::;11 t116:n i1: a i::1lC!1 ~:~o;~o inti:it:t::-] ~?D.J~ ~ It, i s pror):~blc iLdcc; ~:l t11at thore is 
SOj:J.ctJ:ii~g 01-' both stl~1:.ct/w.:'~3B~ 'l'l:tis 15 o.~ irr~~c:rCGt:!."[l~~ Sp~C-L4J.D.tiot!o It is the 
.5"!·o~lnd. par"tiC1.11a::ly ft:'"Z!o:"sble; t ·o dOV81op::i ~Jllt of di3~~aI"~i;::2.tiol1 deposits re..t11~r 
than s:L~ply' voLl f 'illi21:{S or to ~er·lu.C8~:C~11t d.GIJ08i ts 0:1. a lJOr'3 elat,o::loate scale 
pcr·hc"':.ps t il. an ar-<p-oQ.!~S iLl the uppel- f.~:C0illld.:t ~·;b.e"tl1(:)r or r~ot ~~11is :ls trt13 I 00 nc~t 

thirJt can be I->r*c\7ed OJ'" an.y t1:32.:C.G 'at ha.!lCl o T116 onl:i'" reason rOY" rui~ing the question 
is to Foint cut t r!o 'thlllgS: 

l;til~st, it is not at all l:1]{sly' t!1at tl:o min~:ralizati.(!n stays in t1:e 
quC!!'tzits at, ·~.,(tJ.7 El--.;ee.t d6ptr1, but, Oll tb.8 cor:!trt;.~j.9 it ~'Jro'1~abl:!,'" s~lings int o 
ttl€! foryt !~,ral1 s~:'r~! ta 82:c1!1 

Second.~ r:l!stl "t,::O fJDlernlizG.tion clc.2s b..av,s the qu~rtzito it :1tlSt lie 
in s"cr'ata ~11e :!"e tI1~~ sollrtio11r3 bavo fH1Q V81':J'" diffn~Gnt r~nd pbysical and c!1~~LJical 
conditions in control of tl:cln, - end tl10GC c~:;rlditions ~2ould. zce~!1 to furnish grcatar 
oPI)OrtUl1it:y~ for the di;·3 se=i:.:1~tioL of err; L~~~.i:8't.\11c ~~n d. to replace!:.'!ent" .. 

The tbj.nz tIl~t is rlbt ct all c~; r· ·~ai!t c.11:1 thnt I 1:no~: no t;ay· 01 g·etting 
conclu~i':rve c"\I~iclenco OIlj 18 7.'h:~th{"~r tbc ~c;ry8 ()fl mi!~c~"n.l.iz.:1t~~on Ol~ t!l'c qualit:r or 
o:r·e represented :t5 112-(81:7 to be GO'?c! 01'" !!ot or to 'be do;relori(!C'1 on a larger scale 
at this dcr:,.th~ \I'cis i f.; oy:a Gil> t1':e l1Qrl:: ::..1 Ti~jl:s of t!~e Op9r~t:1.ons cf this grou.nd.. 

f'Joth:lng of 2=~'" cC2"}sequonC!Zi 11~G l'·:SiP~'.j~!r.:od. t.o th.is g!*ot~n.:i since the 
deposition of: t11c pr-:1tl:'lry eras except tr.lT't:!D t l'}J:cgs e 

1st,s SC-::-i() dG.fo:"r,1C!.t~i~)n !)UbGequ011t JGO O~~8 dC~90s:l ticn appearj.ng in faulting 
and crtlchit:5:S and. t111s locntion o:f tb.c gr1 oU21{1 p:r~oducing m~st conf'used stl·llctllre 
in SOtlG pleces c Tl1is is rt'JCll gl~Dat.cl~ i!1 {>:'·r::e pa!~t5 of tIle grol1nd than £.11 etbers 
CI!d is pe.rticulnr-ly p:-cQ~ir:.(~nt a!'ld. (~o:lfusi1:1:; at t r1c nOl-.til cndo But it is also 
pl .... omL"1Gntt in all of: tho gro-u.ntl to tho . ncl~tl"i~·/ard of th{~ ras~per· 'l'uru:el e Undoubte'lly, 
also this dci"'o 'r-m~t,icn is G~ph.asizQd., -1?l t}:e i..1prY:~ r I>or+tion of' .1c.he cine. ~i gre~t 
deal mere tl:an :in its (18~pel~ (:1:{te~:3io!!o Tllis in occnusc of tl'l9 crc17di~g of the 
blocl{ Y:ith OVG_~tul"TJ.:tng of th.e tlP9c~ adzes of th-o strat;'3. Q As the r:lorJ.:inZ-s ext~~H:d 
deeper t11is cotlcition t~~ill oa :fO~111d undcubteclly vC,17 rrrJ..c11 sirl:l)lGr. Furtl~;~r:1ore 

if tho st:~ucturc c~?n be t7Cl~1:od Gilt OIl tb.o St.l1'i·ace, the se.~s prj.nci.pal~ Y~"ill apr-ly 
"thl·ough~nlt» T'bes0 dist~cub:J.,:lc,,:;s 8ir:~~jJ..y 'bE; CO r::8 1 i3.$s and. less cOITi})licatod ill 
d8pt110 Tb.e d/3i"~0rL~atior~ difficclt.ics 't{r~::ltefol~es Gtl~G oi' 1'10 ~le!:;l grGat COl'~3CqUenco 

CC;:i.p.9.red to th8 -:rIh.ole c:.u2sticl1 of !:11.!10 J:~ s.li::[.;. ·ticl1 at di'3ptrl ", l.lthoug11 t!~lO g:,"~ur:5. 
is rrn~C1'l di3t,r·ut'od to t to n ·.:::.~ tb :.l.t un.d~·)~l~tcd~l::r e [.1:l b~; ~o11r(~d. if tl:e:' e i n occ3.si:':1 
fo,,: s()l~ __ ~in;~ it 1J-~'bon tb.8 cbnracter" 0·£ t}lG r~li~eJ:,al~.z -:lt iQn at d,cpth is 301vcc. o 

2nd:: 'l~ {le 711~Dl.f2: block l!fls t·[~ {;ri. nrQC }1 crod.G(l~ '1'10·0'7 !:':l:.cll 11o.,s D6 (Y!1 rC:"'.lo'\:"OQ by 
ert)siun :r ('10 flot, lxlo-:;' but perl1aps Eov(1 rcl tl1ot12.c.nd. i~e8t· in. place.J 110.5 been cut 
ni~·ay~ 7-hi,s ne,s not 0:11y e:~po!3cd Gl"ot~nd ~;12ic:1 ~n::s :for'E8rl:l at gre tt t (!spth cut 
trr.ldo·~btedly haa c£.r:;~ied c37ay deposits t11c~t f·o~z:L~:;1'11;{ e::{iGt·~d in the st~:\g,ta r~n07t3do 

This erosion 11istoz:r has given tr1.0 r1J.gged.n~ss fL:1cl for-m of tha p.resent tCFos::rcpz'1Y 
an:J. :h~g 'Pc~rr~i t"~>3d t,l~i?! · s~con~lary and ;¥a~rt.h8!"in_r~· c}:~ngcs ti13t 110Yl effect the ores 
in the UP;)oJ:" wor'kings. 

3rd: 1~he only cth·ar S\lD3eqtlent mo,\r0.:':1·snt of' any' C0!1Seql1cnce is the vrcath!3ring 
end lench:tng r:.nd c:cid.ation anel 'other c:bG.l:s~S of s8con~:~e.:r"Y sort prodl1ced by 
supergene a:::rer~c:lc' f). 1'1:830 h~ve be~n (li~cu~f;2d in oth~r connGctlons and 1'0 C'iU ire . 
no other statement" 'Ihc whole comoinr.ticm of subsequent changes due to dyncmic 
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processes and erosi:m and. wsuthe';'ing toget,~;er giYCS a great v~d.ety of effects 
it"l a mi110r v:a.] but tr:e" may all bE' un-:1crDtoxl roadily on the basis of thono 
thr80 conclusions. 

E. SlJr;:~:n~r of !.:ocf!.1 GeollJ fIi("': '·~\l .... Hist.!): ... ":,,". 
Altr~O'.:.sh it VIOU}'!. 0-3 r'O~}3~:)1 (! '(.0 :.'r:1V~ a COI!ir'r~.rativ<)ly extensive 

diccussion of ttc geological history repres2nt~d by this co~plex district, the 
es.:;ential fa(:;ts [!bct..~t it Ciln b8 st.::tt :~)d ra :·,hc;' si!:~~l)" u:1d briefl:y an follo·ws: 

1st: Th3 17holi~ sorif~S of· tcdir::cl1tar-y fC3:Jj:Cttio~lS i::J,J'olVG(l in tb(~ bloc1< 
a 11d associt1tcd v.=i th tI1S !:!irH~rali;~:J,ticn ranc.J fr "Jf0, Co.T:1or·inn to CarboniferCiJS in 
age o f'fhe;t !"~~pr-,z:seYlt a p:rBcti'c[!ll:iT c()nti!J.u.O~3 !3e1:-i8s or: f"lnntic ar:d organic 
deposits. rfI"l€:jt ':lre stl*;)ongly ce·:ldcd ancl fossil bea.rinr:; and. ttn·:lc;ubtedlj." represent 
a sories ve:!'y sirJilar in its f\ln,d.~l~·:·; c;r~tnl f82.t.~J..rGG to tI~at of the ,Bisbee {~11adranzl'e. ' 

2nd.: itt sC:.t.e ti:ne p~;rh8.ps lO:l:; s-;.:bZG<;(:.snt to the clepositic!l of the 
stx-ata, thB region Vias broken inA::, u 8. rlGl: ies of blocks 77hich WGra crowded one 
against the ot1:o:"C and into DCi"; pos1t iono Tb.i.s *;:;'8.3 aided rttuch ~uy igneous i:ntrusion 
from below and th(; wolling up of great m·:1SSSS of ;'l'iolten igneoui> matorial v;hich 
probably made it pos:~ible fo:- t he different rJombers to be floated and deliresssd 
quite dif.t~ere,:'1.tl'Jr onG :f~cm tr10 oth2rc ;Ih1..1S 811.ch. a block as t!le Ililltcp block 
.. las tilted. to the souUms::;t and also .j-3J':r" 'i3Q over from the E)3.st oideby the 
pressure of the bl.ock crowding on c.t thr~t si::iG, ,7hich h:ls since been entirely 
removed by erosion. The base of it probably rests on sOi':leof the igneous Ine!llbers 
just referred tO$ Projections O~~ i:Qt-l~usions of c si:dla1" nOTt extend out from 
the principal m:::;S~3~S of igneous !'ocl: rG~let!'dil1g portions of the blocks them­
selvos)) dGyelopin::; dikes ani sills nnd ,;10!''8 i:4rcg~J.lar f'or~so As tine t'lent on, 
tho outer pOl."tions of these large F::2'';;20S ;,;'hi'ch had bec()':!lC solidified v;ere cut 
+l, .... ou .C1', '0'7 e "'; 1-; O.i.h·,, ·,. "l " """'~n'" \'),,,,~' ,-,;~ 'l" . l ",,,1(-;''1(7 ",", .,;'1" - b"l "1 ", ,,, ,4 1'r~"';~'7 r"",,",,"l-er IJ ... ~ c1. J 1<0.0' v ____ ."" ~- .. \...... - :J.-I. ........ J, .... ~ ~'-"" ;,.; ..... - _.~_ "(:; ___ .(_ ';':' 1 \"'l! 4- OHl. ~ Ot. ~ J....: ~ ......... \...,oO..oi- .. . b tr..A...a.. "", .. J. 

to the corr~p1.oxity· under addi--~ior~nl ·diG·-~ur1)'~t::2GGS or clefor!nution • 
. t'zl"'hct)s there !~'as a tir:'J ~'!}'U3:1 bloclc fat,1 ting r:ss tIle c}jief fcrrJ of 

development and the time follo~:;i:1::: y·;h""n i i;r:~ OL:S activity was domin.a."1t in the 
district but the two eff8cts ',rorc ,,;0 1:" 8 or 1C:33 tied up together, ene bebg 
sorne"5"!ha~ r elatetl to a11,j de~~~ncI8nt 01'1 the ~th~3ro. 'l'b,e tir;H~ vlhen these geological 
changes "!f~ere d6''''vE;lopx:~d cc.nnot, b··:;) c1ctcrr::in0d very eccura tely' but it r-ras at least 
Po st-Pel"rr.ian. 

3rd,: TI10 chief min·e.raliz:1tion e..c::..::~ ~::~~arli8(1 and f'0110-::7od the igneQ~ 
i.t~vasion. ~Th.ec;arli~.r pru:-t of it \~:-ns (;f)~;~~::tiallJ" !~on metallic, developt~ci as a 
prodt:ct of triO coal iJlg of tl1~~ ig:n8DU::~ r22.t~::r:'al ~ 

1~bc chief r:etnl1ic mir:cI'f:l:1.zc.tlon GGG!T:S to b.,5~"'C .fc~ r.:s d tho closi~g 
at-aeo of this ~poc11 a!'!cl this ~:;~toj2bl~.·'" cor:clucle<.l t-l~e t"Jholc iZ!1GC4~ S flistoT:,)'. It 
is, t b.erefol"vJ, t1') bB att~chC'cl to thf3' snJ':(~ historical period as the isneous 
activity itself nr:d :rGpr·.;1scrd~n or.1:r e ztn.g.:! Qf~ the clos j~ns ph2.S0 of that activity. 
It c'€!.~~c afteT th·;:.; chi-sf block. i"U1.1 lt;1!l~~ and ale c aftor 80\'~:e of th:t: cro!:)f} f,:;.~lltin~ 
C1.r;d deform.3.ti'Jn but T,roc8cdcd stil l c:noth:::·r ft:)uT!darrt fau.ltin r.; en~ dislo(~n.tion 
th~t ch&racto.riz3S cer .. tain p2.::iIotS c,f tll~) ~;rci~i.;.d~ 

4th: .stl~)fJe ·~r0e!,!,t to- "trlCZC d;:~\relo~~T;~Gn 1, S erOSi~l'l d e-tJelo;)E"'d a sm~f~ce 

not nO""Ji er~s1.1y reproduced c;CCt':U30 , OT1 t op of it after a long inter·J"&l 01"" ti~ , e, 
a gre,;?,lt t:hicl{nczH~9 IH"J"as and. t:lffs, ~.~rcre aCC1;JT1Ulated. fro17'! a r'~:.vival of ign~30u_s 
acti~lity .in SO;;(:) T'ertinr"'y }Jf~l~i~'~ (l() ;,rhGJ:'e is !10 means at' hfUl:l of detc:r!:linj.!:g this 
period accUl~.Q.tely, b1~lt it is the r.:;ost r\:.co~t of the large de\"-elop!~€nt", s in the -
district. It:is re:,'resented by the rhyolites nnd and(:~sites and tuffs of very 
large areal extent to the north anj, ~'m8t of thisgrom:l.d,. 

5thz SUbSrJq"llcnt to tho I)otlri te ou.t of these .lav'as, nnd the t:hro11ing 
out of t}:s ma:tel"ials forming tho tuff:J~ o!':)sion began again to cut down the rocks 
and d~velo1? a new tODo;7r;;mh·y· 0 LsvB,s 'and tuff's may have covered UD sc,r:o of this ... ' .........' - '" .. 
ground but in la:r'G8 ai'GaS it is nov.' stripped off and cleared of this covering. 
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processes and eroobn and weathe":-5.ng toget:;er gives a great veriety of effects 
-; 11 a r:":inor v:ay but tte" may all be i.ln'ic::s to·xl roadily· on the bas is of th080 
thrac conclusions. 

E. S1.1!E]nr:;r of T.,ocnl Ceo10 !~i(~~1 .. Liict:):~-:r it 
Altl-~o'.:,gh it VlOU},! 03 l;O~,~Ji :)10 ''':0 '.:rit'3 S. cOI!i)"'a.rativoly extensive 

diccussi·:)n of ttc geolo;,;:1.c.al histc!'y rer.;r~:· s ~:nt ·· ·· d D,:.r this co~·.:pl(~:': uistri(~t, the 
ea[;entitll faGts 2!)Ot-~t it can b8 st~tJ ::)d TG. :-.. r-;.c~~ si::;~I)ly' unc1 briefl:f aD follo·TNs: 

'';'''' 
',,i-" 

1st: The ~1hol\; SOrif!S of' ccdir::c.:nt0.I')7 fCl:r;:atic~ls i;-.fvolvocl ~"1 thf~ blocl{ 
t:111a aSG:ocit!t"cd v;itl1 t1:1$ !7!irierali~:J.ti·~:-n r;·J,I1::::D fr ·J!'0. C&E10r,i;ln to CaJ."boniferc~ls in 
s.ge o They' repr.2sent a p:rset:ically conti11lJ.O~3 !3e)~iC:'3 oi: .plc.Gti ... ~ ar~d organic 
deposits. . ifrlejt ':lre st!">ongly" bedded and fossil bGnrinE and. ttn·:lc;ubtedl~l represent 
a sories vet.t'Y sirnilar il1 its i\lnd.(!~·:~~c;ntnl f~2.t."J.rGD to tl~3.t of t,,11s .Bisbee Q11udrar:gl 'e. -

2nd: lit so:.·;~e ti:na p~;rha~)~3 lo:"!.~; !r~bzG (~{:,-S11t to tlle depositio!l of the , 
st!"ata., thB region Vias broken int.o £~ Clol'ies of blocks "f'hich TIGre cro\':ded one 
against the ott.or and into n ,(;':ll posltion" 'I,ll:i.s -:fas aided !(t~ch ~by igneous intrusion 
frQfu belo\v ancl th(~ v.tolling UT) o:f £~rcat m·;1SS3S of rnol ten igneous' mat ;3rial v:hich 
probably ffiude it pos:,ible fo:~ the different rJombers to be floated and de}ireSsed 
quite diEfere.ntly onG f::.."Vcm tho otr12r ct Iht13 S11Cll a block as tile Iiilltcp block 
1'12.S tilted to the souUms-::;t !111d also jar:r:;·ed over from the ~a3t side by the 
pressure of the block crowding on c.t th:lt si::l.G, ",hich h:ls since been entirel;" 
removed by erosion. Tbe base of it probably rests on s omoof the igneous m:e:nbers 
just refm'red to., Projections 0,,' irc.trlwions of' u similar nort. extend out from 
the principal maS'3·:;S of igneous rock PQ~1otrr.t.ing portions of the blocks them­
selves, deyeloping dikes and sills un:1 ,;107'8 i:~regular for~so As tine ?ent on, 
t hn 0·' .... e"" ..... o, .. +·j on" of + 1",6,",<:\ -1<'··~7"" ":""·C' '"'.'"'''' "".h ·(..,h "''''d 1"""",...."", ,-,,1 i·';if'·7 Ad """' .... ,.,. c'U~ ~~ UtI.L Y ..L. \1_ oJ V .. ':" ..... v""'" \..1._ ","" .("4'::'·'"'~"' ~"~ . , ~, ,_I..,;. .. _ ..... '-'<. _1 '1; "'_~"'M.iv ~v~ "'" _ .. _ ~ . ..., ... v '" 

thrOUgll by' still otht3r i~~neou.s rr:~tGr:!.21 TIcllin2: tIp f'roffi belo~:l and adding further 
to the compJ.exity· und,.?~ addj .... tioT!fz.l cl:l~--~uJ."'b~)~.cGS or c1efo~!nationG 

Pcrha:.?s thore: ~'as a tirI::3 \'/he:1 bloc1-c fat;ltin,g r:as tlH:1 chief £orrJ of 
development snd -the tilr.c follo~':i:1Z 'i'::'.sn ii;y:~ot:S activity was domim:1t in the 
district but. the two eff8cts were ,;;01:"'8 or le83 tied up together, ene bei..'1g 
somc1"tzha.~ rr.:lated to 19.11-.:1 de-P8T1Ct8nt 01'1 the :Jth~Jro 1'}1e tir~H~ vlhan these geological 
changes v;er'e dS'v"E:lop~~d cannot , b··z (lctGrr:,:in~d .'flOr:' eccUY'atel:.r but it r-ras at least 
Post-Permian. 

3rd.: TI10 cllief rriin,8 .T'c.1.1iz:1tio~ 2..c ::::~ :::~~arliG(l and follo7:cd the ignGo'tJ.C 
it""lvasion. "rl!e. -earli·:~r pru. .. t of it \~~ns ~~~1::;~::::tially non metallic, dcvelopeci as a 
product of trle coo}. ing of tl1~:-: ignsDu3 rJ.2.t ~:: 1':"2.1 ~ 

'1'118 cI1ief 1::c:tnl.lic m5.z:crf:lj.zc.t:l0Tl G0e~S to b.,5,'V"'c .f'c~r.:sd tho closi~g 
staGG of this epoch a:::d this i::j:'ob ::bl~'" cor:cluded ttc ';iholo iJ"r1GCUS hist.ory. It 
.. .&-' __ 4",..", 4· 1 . + ,. '"'\.J +-'" , ... ~. ""I • 1 j'.I. .. s J ~(i.e.L ei. 0.4 t'j, loG 08 8:: ·.J~:.cnc("~ GO vY1D' sa:;:(~ nlS ;~OT" _ca~ perlOc. DoS '(.ne J..!3THJOUn 

acti\TitJi i tsali' nr:d TG:9rn~cntn or..l;r c. staG~:; af the closj~n~ P!l~,Z t3 of that nctivity. 
It c'af:c after tnt: cbi0.f ()locl": i"L:ult,i!l~~; 2.n.d &.100 nf·tor SOi·~:e of th~~ C~·OS~3 f~;.~11tinG 
C1.!:d de.form~?:.ti':'n but prGc8cdcd still r,.noth~·r c~bu:~da~1t fS:lltinC e.n~i dislo(~[ttion 
that charactoriz·,:;s cay .. tain P2.l~t8 of t·ll~j ~;ro~ln.dy 

4-ch:' Eu·b;~e ·l.u"Jn.t to' the Z~G d;~·~.rt;lo~;~~Gn i ... s eros 1011 d81te1(7)ed a sUI"fuca 
not now eas1.1y reproduced 'b~C".').3C, on tor: of it aftor D. Ion;; intery&l of ti::e, 
a gre .::-:.o t tllicl{nes~~1 s l!.~,",,'ras and. t:lff)s, '.~i~:rs aCC11r:1ula ted. from. a. r<,;~ri val of igneo~ls 
activity.in SOwO 7~eTtir-..1:'i pe.:l~l.G(lo Thel'o is ;.:.Q !rlC8.ns at· }~3.nd. of detcrcinir ... g this 
period accurately, but it is the rt;o~t ncc!~t of the large develop'~ ent.s in the ". 
dist.rict. It is :>e:)r8se~ted by the :C;tyolites r.nd andGsites and tuffs of very 
large areal extent, to the north D.ni i'mst of thisgrOl.md.. 

5th~ Subsecruent to tho I)ot.lrir;z 011t of these . lavas , ~lnd. the tl1rOYllng 
out of tho ID-atcl:'ials fOl,"'":ning tho tu.ffs~ o:r~Gion began again to cut derm tho rocks 
and d8vclop a now topogri:1phy.. Lav2,s "anJ "c'";)i'fs may have covered up SC1;;O of this · . 
ground but in laz',:re m'eas it is nO'!l stripped off and cleared of this covering. 

'i', ' 
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1£1:. tc;pog~~:tpllY is, thc:c'efol:'~, not ,t b.o t.O!Jo ,;:J"'ap11Y· cr' the ti~8 pr-3vious ·to the 
'I\~·ti:l11:l · ... \r1'~)lc ~i.nic Oi..:tb:"e tl::;, 1::1 !~l J:"c!::s it rD.ay· h~r~:e a goo'.:l d·?!'.l of the 
hoit r;::~jr '3 ths ztr5 ... pi.)i!"J.g haG e::·pos·.}J sase of ti!.'3 h:1.[:?-iC!' grot:nd, but, tcl:ing 
th f3.is·~r"i (! t, &.5 a y;h:,l'3, tr.lC r Yl'"' S5 8 t1t 'tc t ·o g::'i a r:l1)" is n. co::])le::{ of n:3~ (.1.:nd 
r::d"~-f'iecl o1u8r i'orms. 

6tl1: 
e~l"*:lcl'l;:-~e:lt of th9 ores arc effects th~t b, ~-;:~!·~ 1; eGn p rod\.i.ccd 

Cl-:.8.11!..:CC ~re gO:l.ng 

in 
on C:J~Cl:\:-'ciVely !·ecG;,~t ti:-1C C-:5 

ncr, but tho pr'oc833 is slol'; 
na1C2d in'moderate len2th of 

reTe' York Cit;dt> 
ay 21~ 1920 0 

erecion proceeded. 
nnel r;.~ c~1ang~~s .0£" 

ti:-.:3o 

Ck18.rles P Q Bel"'l~cy 
Ooologist. 

lib1y to ba 
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TM rc III LLT CP cnoup L~rrr.::S. 

Cochise County, Arizona. 

G :~ :': :.:RAL DESCRIPTION, and 
PIlO~RESS R~.PO.H.T Oli' CURRE:··JT 

~ 
~~ 

OPERATIOHS. 1# 
Ddes of most recent examination: Oct. 29-iliJ l~. _ 4~'~~2l . 

- ~ ~ ~ , . 

Preliminary Statement : Tile in.f'or-mation C~' t;::~ij' n. . ll&lI r~s 

D:lte of -this Report: November 3, 1948. 

based on personal knO\'lledge of the . ' ,1'" . n~' 
development since June 11, 194'1, il~_I'. . '~ ths 
of resid.ent supervision as engin'3E'~ao~' ~ 947. 

Type of Ores: Lead, zinc, copper, t~~~~: r minera.ls; 
named in the order of their blp~c~~ .::::l etals 

~'" .~ 

Locatio~:. ~n ~he east-ce~tra~ por~. O~~Re County~ Arizo, 
Bh1cn 1S ln the soutneas~ co Ol.~. 26 fillee . 
...,cu.,", t.l ~I u V(~n vl:~,On, .! •• r~z ° ,. '"":: ~n. s. t~I.J~. ~ ... ~ .... nc::;..,. no~ ... n-~ "'I . ..-.~., .-".-- C'I. m A· ..... ". . ....... " "=l ~ 0 -. ..... "f 

ea..--,t or .:.coc.eo, l\ieW J:l.eX1CO. &n S ~tmd 00 OJ. 

T-16-S:n-~.'O-E:Gila & sa1ilt §k~~. ~ . -- :,,(~ APP1'0:dmately -
adjoini:r.g the ee..sterly b" J.. ~ trr~nderland of Rocks 
National Monument. In th ~ounta1ne. 

HoldinGs: 26 9Ic'.~ms ~n oriJ" ~~, ~tl! fUt~ sized, 600 t X 
1500', ali or. '.,:,hlCh .~'t~oQe lOC1l1.10nS, as one 

grOUPOI?O I~ and were all locate .r ~ear 1920, and the identity 
of each one has be ,4 ~nce that year • 

. 6 additiO~~~~~~Xirr~telY adjoining, but of 
more recent 10c<:I '~9i e not been surveyed. These 
ho.ve some ove~l~~~~~ of other o'\V!lXerships, but 
are mostly Of~t~i~ructure. 

19 ~~~1~~ecent location coverin;; ground 
th~t was f ~~ ·~-in the original group, upon 

, which tlt3>~'~ ..!.2.6 S~ior to 1947, but relocated and 

.jOined t~ ~.~ 
Area: combi~~s ~st 1,000 acres, covering about three 

miles i;~~along the main ore zones. 

Ti tles: Under p~a.8e lease to Gould & V:atson, and being oper­
ated by Piedmont Mines, Inc., an Arizona. company controlled by 

them. Chain of titles has been well established and is of 
l·ecord and a.ll ti tIe papers ar.e in escrow pending 
of purchase payments. 

(1) 
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FRANK R. WICKS 

CONSUL.TING MINING AND INDUSTRIAL ENGINEER 

\ ) -. , 315 WEST FIFTH ST .. LOS ANGELES 13. CALIF. 
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'. 

TH rc HI LLTCP CHOUP 1~rl:":S. cC.-

::~:::: ~::::~'r;:~~O:~ Wt: 
p:lO:nkS" ",POllT 0>' CURRZ:ZT OP2RATIO:lS. ,ifJ1 ~ 
D"te of this Report: Hovenioer 3, 1948. rlf!!} f1l!) 
D::tes of most recent examination: Oct. 39_~ 19~O . 
Preliminary Statement: TIle in:'oz-f!1ation c~. taij' n ~~8 

based on r:erson2.1 knm':ledge of the' ,... n~ 
dev210pment since June 11, 194'1, L~_I '~ ths 
of resid.ent supervision as en6in'3E-'~ao ~. ~ 947. 

Type of Ores: Lead, zinc, copper, t~~~tf: r minera.ls; 
named in the order of their blp~c~~ .:S ·etals 

~'" .~ 

Location: In the east-centrnl po~r_ ~~Re County, Ariz., 
\";hich is in the southeast co OI _~~e. 26 miles . 
~cut'_'l OI~ o:.--'·"'-n C'l' mon a""'l· z .... ·n ~.... s~ 1 t-=>nc'" nO~""L"l _ Oc.;:.. v .l' ., ..... ., ....... .. t~ l . ... ..... ~ ....... -

east of Rod.eo, New }lexico. IS..n S ~ fmd 33 of 
T-16-S: H-30-E :Gila & Salt ~""i?r .. o,(~ APP1'o:dmately . 
~dj~ini:r.gHthe ee..sterly ? ~ trr~ndel'land of Rocks 
.~atlonal ;\~onument. In tn ~~ountains. 

Holdings: 26 clai!'l1s in or ,~, ~tlY full sized, 600 t x 
1500 t, 13.11 of ~~hich . t lode locat ions, as one 

and were all locate r ~ ear 1920, and the identity 
of each one has be ~ ~_nce that year. 

6 additiO~~~~~~Xirr~telY adjoining, but of 
more recent 10c<:'l ~~9i e not been surveyed. These 
hn,ve some overl . '1 ~~ of other ownxerships, but 
are mostly of ~ t ~i~ructure. . 

19 ~~)n~~ecent loca.tion coverin;:; ground 
th~t was f~ i ~-in the original gl'OUP, upon 

. which tlt~:-~.~~a.se~ior to 1947, but relocated and 
.jOined t~ ~.~ . 

Area: combi~~s ~st 1,000 acres, covering about three 
miles i;~~along the main ore zoneS. 

1'i tles: Under D~e.se lea.se to Gould & V:atson, and being oper­
ated by Piedmont Mines, Inc., an Arizona. company controlled by 

them. Chain of titles has been well established and is of 
l·ecord and all ti tIe papers ar.e in escrow pending completion 
of purchase payments. 
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Roads: Paved highway to San Simon, Route fi86. T1.1ence graded, &ff 
eravelled, road south 20, miles on s~iE;h t grade.l'llence $l? : ~. 
6 miles westerly on r.lountain road \1J. th moderate to steep ~,\' .:...:;- ' 
grades to ca:!lp buildings at lower edge of property on §f ::f.'-.".i 
the Empre~s and E!T!pire Clrdms. kiditional side road abouyQ'l 
five miles 'up Vihi tetail Creek Canyon to upper workings ~ ," ,;;; 
on Hill top and Hidden 'l'reasure Claims. !-..O \':-<-7" 

~o~;.., 
Fost Office Address: Fortal, A.ri~~ona. Reached by RFD da.~ 0-

mail deliveries to Hill top, P.rizona. Former postOf~~.f' 
at Hilltop could probably be reopened if desired. ~dr~ 
'l'elephone line to headqu3.:rters house on propertie~~~ 
nearest present pnone serviee is about two mile9~o~~G 

~~;$ 
Shipping. :?in~s: San Si:~!on! on the main .line of th~~~8<thern 

PacJ.~1c R. R., TIhere tnere is an eX1sting lea~~or a 
. 10G.ding ramp a!'ld where local freight and expresi can be 

sent and recei \Ted. San SirJon is about 200 l":d.les from 
the El Paso smelting works. 
Concentrate mill products and ore ca.n be shipped by 
truck from the properties to a milliI'\.g plant at Lords­
burg,. New MexiCO, a distance of 50 llliles, . of which 30 
miles is on r.uain paved highway. This is referred to 
la tax in this re-oort. 
Rodeo, Hid<-}.lgo County, New Mexico is also an al terna te 
shipping point, being the same distance from the mines 
and slightly nearer the smelter. 
Willcox, Arizona is an al te c·nate shipping point for ores 
fxom westerly portals of the property, a distance of 
C'~bout 40 miles. A loading ranlp there is available on 
rental if ever needed. 

Supply Points:· Scm Sir:ion, 26 miles for camp supplies. 
150 miles; E1 Paso 200 miles; Phoenix 265 miles. 
burg 50 miles. 

Tucson 
Lords-

Elevations above sea level: 

San 8i mon 3611 ft. 
Hilltop Townsite 5840 ft. 
Rhem tunnel 6050 ft. 
Gray tunnel . 6450 ft. 
"}'. ' , .:,.!.' --... ,. ~ 7'""'!."J.... "'. 1 'i( .pJS<B::.~;;r;l1"';\;l~nc..Lr .an, :;~ iJ·t;jl. G:tL .por veL 
Bla~ksmith workings, west portal 
Apex above Blacksmith workings 
Highest point o~ property 

7200 ft. 
7130 ft. 
7300 ft. 
7550 ft • 

. 1liningDistrict: California. Forest Reserve: Coronado. 
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Roads: Paved highway to San Simon, Route #86. Tllence graded, dl ~ 
eravelled, road south 20 miles on slip;ht grade. Thence tQ a.~· 
6 miles westerly on r.lount2..in roc:..d with moderate to steep ~~ ~':"':/' 
grades to ca:!1p buildings at lov-er edge of property on §f ;::'I .. :.t 
tl.1G ElYlpre~s an~ Esp~r~ Clr:.ims. A::;ditional side roa~ about,Q'l 
f~ ve miles up \ihi te"ta~l Creek Canyon to upper work~ngs ~ 'J' : 

on Hill top and Hidden 'l'Ieasure Claims. !-..O \'<-7 
§&:... 

Post Office Address: Portal, Ari:~ona. Reached by RFD da.~ J 
mail deliveries to Hill top, .A.rizOl12... Former postOf~~f! 
at Hilltop could probably be reopened if desired. ~~~ 
'Telephone line to headqmu~ters house on propertie~~~ 
nearest present pnone serviee is about two miles~o~~0 

~~;$ 
Shipping ; ~?in~s: San S~!~lon! ~n the main ° line of th~~q>B<thern 

PaclJ.~c R. R., whe .... e tne ... e is an ex~sting lead~or a 
. loading ramp 3.!ld where local freight and expresi can be 

sent and received. San Simon is about 200 rrJ.les from 
the El Paso smelting works. 
Concentrate mill products and ore can be shipped by 
truck from the properties to a milli~~ plant at Lords­
burg,. New MexiCO, a distance of 50 miles, . of which 30 
miles is on main paved high1ilay. This is referred to 
later in this re-oort. 
Rodeo, Hid<-::.lgo County, New Mexico is also an al terna te 
shipping point, being the same distance from the mines 
and slightly nearer the smelter. 
Willcox, Arizona is an al te'.·nate shipping point for ores 
from westerly portals of the property, a distance of 
abou.t 40 miles. A loading ranlp there is available on 
rental if ever needed. 

Supply Points: . San Sir:',on, 26 miles for car-tip supplies. 
. 150 miles; £1 Paso 200 miles; Phoenix 265 miles. 

burg 50 miles. 

Tucson 
Lords-

Elevations above sea level: 

San Simon 3311 ft. 
Hilltop Townsite 5840 ft. 
Rhem tunnel 6050 ft. 
Gray tunnel 6450 ft. 
~t~JS'B:~'l:·m:itt.':nlie"1rking)~75.~S:J~ .portal 
Bl~~k~l>1J.° 1~'n 11'Or-1"'j nc~C' ""e~+: "Y)ortal ...... 0.;;.._ U.4 '" .. ~ - - ... -· .. o~, ;~ .;:)..., 1 ...... 

Apex above Blacksmith workings 
Highest point on property 

7200 ft. 
7130 ft • 
'1300 ft. 
7550 ft. 

·1"i i . DO • • t iN. n ng lS"GrlC· : California. Forest Reserve: Coronado. 
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FRANK R. WICKS 

Timber: Small ti~ber for car~~ 
No large timber. Nearest 
on the Arizona-New i.iexico 

fuel and ties on the ground. ~~ 
sn.~r mills at Duncan or nearby ~~ v 
line, northerly from Hilltop. L~O ~~ 

~cp~· 
Climatic Conditions: Pronerties can be 

from lower tunnels; upper workin.gs 
bound for short periods in ~inter. 

opera.ted all year ~~~~ff 
are frequently snow~ ~ & 

, ~ ~o <:)0 

cJ~.~ 
Power: Deisel and gasoline engines no~ in use; probabi~~ 

of obtaining government sin21e phase.power a~ an ~~~ 
date, as it is understood tnat a prnJ ected llone ~p:.~ 
crIss directly O-'1er the clair:1S. i ray and proba~~~6l 
be, converted to a three-phase p07icr line soon~~fter. 
Tr~~scontinental co~oressed gas line passes ~b~~ 10 
~iles of the properties. It is belieyed tb,~ ~~ for 
both power and furnace proces ses could be :~~ed , 
therefrom at prices that would ma:{s the ct.?~dere.tion 
of local smelting and 10c2.1 power development attractive.· 

Present Operations:' lim'; in operation with a. small crew on 
opening, sampling and repair of rr.::> ... in wOl'kings and on 
the ins:;tallation of equipment. No ore shipments or 
direct ore mining has yet been atten.:oted but prepal'a­
tions tOl' dOing so are nearing completion. 

Total Underground Development: These are annroximate but 
conservative esti~'1ates, showing the magnitude of the 
development and mining program that the properties 
have experienced: 

Main croGs-cut tunnels and a.dits, in excess of 
12,250 feet or about 21~ miles.' , 

Main drifts on ore zones and now accessible, in 
excess of 10,000 feet. 

liain drifts now not accessible, but most of w~ich 
can be reopened if de~ired, about 2500 feet. 

Stapes. raises and chutes ouen for use about 2000 feet. 
Stapes, r~dses and chutes closed by c~ving, about 

3000 feet. 
Sh5,fts, winzes and miscellaneous about 1,000 feet. 

Deepest underground penetr2:tion on Ol'e: ~50 feet below 
the outcrop on vert ical line, equf~ent to about 
1700 feet on the dip of the vein. , 

ITrom the above it \',i11 be r..oted that almost five 
miles of underground workings are now open for 
examination and use. i'le::uly f"ll crosscut workings 
str",nd and are in good condition without timber. 

Water: About 125 gallons of water per minute natural flow 
from the 101.ver, or Rehr1 tunnel, though this varies 
slightly from season to s·eE'~SQn. All the remainder 
of the mine is dry except for an underground spring 
on the main interoediate tunnel, the Kasper, where 
a small basin is provided for use on .that level. 
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FRANK R. WICKS 

Timber: Small ti~ber for ca~J 
No large timber. Nearest 
on the Arizona-New llexico 

fuel and ties on the ground. ~~ 
Stll.':T mills at Duncan or nearby ~~ U 
line, northerly from Hilltop. WO ~~ 

~ CJQ~· 
Climatic Conditions: Pronerties can be 

from lower tunnels; upper workin.gs 
bound for short periods in ~inter. 

operated all year ~~~ff 
are frequently snow~ ~-& 

, ~ ~o <:)0 

cJ~.~ 
Power: Deisel and gasoline engines no~ in use; probabi~~ 

of obtaining government single phase power at an ~~~ 
date, as it is understood that a proj ected line ~~.~ 
crls s directly o-"er the claims. ifay and proba~~lfil 
be, converted to a three-phase p07icr line soon~~fter. 
Tr~~scontinental co~oressed gas line passes ~b~~ 10 
~iles of the propert ies. It i:;. belieyed tb,~ ~~ for 
both power and furnace proces ses could be :~~ed 
therefrom at prices that vr ould ma:{e the ct?~dere.tion 
of local smelting and local power development attractive.-

Present Operations: - Nov; in operation with a small crew on 
opening, sampling and repair of rr"'? ... in workings and on 
the in~ta11ation of equipment. No ore shipments or 
direct ore mining has yet been attempted but prepal'a­
tions fOl" dOing so are nearing conlpletion. 

Total Underground Development: These are aunroximate but 
conservati vo esti~'1ates, showing the magnitude of the 
development and mining progra.m that the properties 
have experienced: 

Main croGs-cut tunnels and aciits, in excess of 
12,250 feet or about 2~~ miles.' 

Main drifts on ore zones and now accessible, in 
excess of 10,000 feet. 

Main drifts now not accessible, but most of w~ich 
can be reopened if de~ired, about 2500 feet. 

Stapes. raises and chutes open for use about 2000 feet. 
Stapes, r~dses snd chutes closed by c~ving, about 

3000 feet. 
Sh~fts, winzes and miscellaneous about 1,000 feet. 

Deepest under~round uenetrGtion on ore: 1?50 feet below 
the otltcrop on vert ical line, eq~ent to about 
1700 feet on the dip of the vein. . 

From the above it 'I,",i11 be noted that almost five 
miles of underground workings are now open fOl" 
examination and use. ITeRrly all crosscut workings 
st~~nd and are in good condition without timber. 

Water: About 125 gallons of water pel' minute natural flow 
from the lmvsr, or RehEl tunnel, though this varies 
sligh tly from season to s-eC'~srm. All the remainder 
of the mine is dry except for an underground spring 
on the main interoediate tunnel, the Kasper, where 
a. small basin is provided for use on that level. 
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Minin:; Equipoent: 3 to 4 miles of mine track underground and 
on mine dumps, installed and in use. 

About 20 mine cars) of which most areservicable. ' 
One Deisel driven air compressor on "'7heels. 
Air tools fOJ: two mining crews, drills, hose, tanks, steel 
a~d miscellaneous items. 
T7iO trucks) both late model and in good condition. 

, Electric lighting plant 15 k.w. gasoline portable type. 
'b .... l' t ? '1 _. ~. i' 
l1 OUII --2- 0 o.J r.n es OJ: wa1ier ana a~r :9 plng. 
~:iscellaneous stock of s:Tu':l.ll tools and pa:rts. 

Milling Equipment: One Universal semi portable crushing plant 
complete, with extra coarse crusher, extra Deisel drive 
for same, and with two two-compartment roughing jigs for 
[iaking bulk, rough concentrate, installed below lower 
mine workings. 

Sv.rfaceEquipment : 

There is one steel building, 4:0 x GO in a:rea, 20 feet high 
for power plant and shops, with heavy overhead crane. 
There are 29 additional buildings of frame construction, 
comprising a. 8-room headquarters hOllse and office, ware­
house, store, labora. tory, cabins, 1'cmging from two rooms 
to four rooms each. Nearly all are in usable condition 
and r.J.3..!1Y have recently been pal'tially overhauled. ~':a.ter 
system in tOl-mai te and.. lightinJ systeiJ~ to most of the 
buildings. , ~ ~<.<'-1 

"1-t-~ 1>~ 
General Description of the PropertieS: -0 1-; o~ 

These Hilltop properties talcen as a wh~f~l~m one of 
the largest all-tunnel develo::)r.1ent p1'ojec~(Jb~~izona. 

, ~~~1-J'~S 
The pl'incip21 clain:s, on ,~7hich the outcrops a~~ 
lie along a high xidge of the Chiricahua :~iountai~2-1~~~ 
and the bordering clain$ cover areas on both side~~~~ 
steep slopes of th~ Ra~ge. oJ;. T'fl:::~ :0 get from thecam~' "'(.tr, 
on tIle northeast sldellne vO e"ne Kasper portal, near tti~""a ~o 
southwest edge of the property lna:ms a climb of 1500 ~~~ C'v. ~C\... 
feet by road. or trail and a descent of gOO feet. /'J' Ip...,~~ . ..., 
To illustrate the m1nlng prableD and mineralization 
gr2-phically in terms underst2..nc1abls by persons not 
versed in n::ining terms, it is b·~st -to picture the 
section of the mountain under discussion ~vs a tent­
shaped structure, with a ridge oI the tent 1 along the 
outcrops of the vein, neaI'ly t":vo miles long, and the 
width 3/4 of a mile. ' ' 

2he mineral zone can l)e represented by a partition. 
roughly 100 feet thick exta!1c.ing from the ridge down­
ward through the workings for 1700 feet to the lowest 
of the three tunnels end probably far below. ,This 
parti tion-like ore zone leans or dil)3 so'uthwe'sterly , 
at about 15 degrees from the vertical in the upp~r 
sections but gra.dually fl~ttens to 18 or 20 degrees 
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!;1inin; Equipr.:lent: 3 to 4 miles of mine track underground and 
on mine dumps, installed and in use. 

About 20 mine cars, of which most areservicable. · 
One De isel driven air c01Yipressor on \:;heels. 
Air tools for two mining crews, drills, hose, tanks, steel 
a~d miscellaneous items. 
T~o trucks) both late model and in good condition • 

. Electric lighting plant 15 k.w. gasoline portable type. 
About l~- to 2 miles of water and air piping. 
~~iscelle.neous stock of s:Tl.:'lll tools and parts. 

Milling Equipment: One Universal semi portable crushing pla.nt 
complete, with extra coarse crusher, extra Deisel drive 
for same, and .... dth two two-compartment roughing jigs for 
Liaking bulk, rough concentra to, installed below lower 
mine workings. 

Si,lrfaceEquipment : 

There is one steel build.ing, 40 x GO in area, 20 feet high 
for power plant and shops, with heavy overhead crane. 
There are 29 additional buildings of frame construction, 
comprising a 8-room headquarters house and office, ware­
house t store, laboratoxy, cabins. rcmging from two rooms 
to foul' rooms each. Nearly all are in usable condition 
a.l1d many have reCently been pal'tially overhauled. ~'Jater 
system in townsite and lightinJ systei~ to most of the 
buildings. . 4,. 'Y~..., 

. "1+-<r Ip~ 
General Descri'Otion of the Pro-oerties: -0 4 01k 

These Hilltop properties talcan as a wl~f~l~m one of 
the largest all-tunnel devclor)f:1Bnt project(2'o~~izona. 

. ~~~1-,,~~ 
The princip21 clai!l;S, on which the outCI'OPS a~~..<' 
lie along a high ridge of the Chiricahua ;,:ountai~""'1. ~~ 
and the bordering clain~ cover areas on both side~~f~ 
steep slopes of the Range. l'hus~ to get from thecam~' "'1(-?, 
on the northeast sideline to the Kasper pOl'tal, nea.r t\:ri~--1c ~o . 
southwest edge of the property mea,TIS a climb of 1500 ~St. C(.,: ~..p~ 
feet by road or trail and a descent of 900 feet. '~S~--1~~ . .., 
To illustrate the mining problsn and mineralization 
graphically in ternm unders.tanc1abl~ by persons not 
versed in mining te:rms, it is b-3St -to picture tbe 
section of the mountain under discussion as a tent-
shaped structure, vii th a ridge of the tent) along the 
outcrops of the vein, neal'ly t":vo miles long, and the 
width 3/4 of a mile. . . 

2he minera.l zone can l)e represented by a partition. 
roughly 100 feet thick · extel1ding from the ridge down­
ward through the workings for 1700 feet to the lowest 
of the three tunnels end probably fA.X below • ... This 
parti tion-like ore zone leans or dil')3 soilthwe·sterly 
at about 15 degrees from the vertical in the upp~r 
sections but gradually fl~.ttens to 18 or 20 degrees 
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. on, in and immediately above the lowest vlorkings. 

To continue the illustration in sirdlar terms, the l!liner-
al zone, or partition, is ~~de up of a series of up-and-
'. b ,-.. ~'l t" . rrtl (1O\1';""n and.s, J.1.;{e ver (;lC2. s rlpes l.n an a7ffiJ.ng. lone 
whole of the zone is mineralized, but only certain bands 
mnt?~in enou;h mineral to be of cOl'r.mercial value. These 
are called ore shoots. They may be wide or narrow 
horizontally, and they may continue for long distances 
up or dO':"Vl1, or they !~ay be relatively short lenses. 

Extensive crosscuttinz was done in order to get at the 
oxe hDdies vrithout hoisting. In retrospect this seems 
to have been ill-ad.vised) but from the present stand­
'Point it is certainly 0:: nrima:cy imno:rtance for im­
!'nediate and future opexcttions. It makes fox very 10Ti­

cos~ ope:a.tio?-s as C?::lJa2·8Co. 7!it~l convcntiOnt;~~~~haft . 
rrdn" 'n rr mltn +,~'" r°,,>uJ.-r t 1,.,,,,f: l~.",cn 10=-:>1' rr:::.d ~s c~n ............ b ' • ... ~ .... - ""'OJ"" - .60.i. •• t.,-, .~ _ ... ,,~t_ b ..... ~ ;-"~ ~ ... 

be con "'l' "::"'Teu' co n:''1'''1''"'l' <ll th"'n ',T)"-uld o+hr-...,....,.l· s::>~·;~,.......,os~l·ble v 1...4'-'_ ,l •• ';'.h·_ V 1,...... .. ... l.,..... ..v \,I .......... .J.. ti.. b'\lj~Vi '.- • 

~o~ 
History: It is reported to !!:3 thEtt the oxigina,l di~~es 

of lead and silver in "the District trere l~ade nea%~.p~ 
pxcsent Blc.cks:-Ji th or u-;>per workings, on this proJ~~~ 

fin the yez-rs of 1880 to 1890. Some mining was done ~!~?o 
The m.a.in intcxest ap,ears to h8..ve been in the hi€~h gr~S}.., ~~ 
s~'l v"'r c:ul"'"''"' l' ,.::"" m1' no,"'" 1"'" '1'"".-;"""'0 a ... e m:;:...,y sh~ll"""'" sh':>f~~' '.S' ~. _ v U .!JJ. .. \.A._ .. \.'_ (..... ¢. .. <I. .. . ~........ ...._ t:.l.C:.. .. l ... ~... '*'.;( _ ... c~ 1j~~ ); ~~ 

x 

y 

and other, hand drilled open:lngs along the OU tc1'ops whexe\~/')~ ~'1( 
oxe was IDlned and sorted. "uc «' .. .p~ 

Subsequently, a discovery of cocper ore on what is now 
the Birthday Claim, crJ.,used the Kas-:Jer tunnel to be driven 
from ,7hat is now the 6outh7!estport~d. The Kaspcx was 
later driven 1800 feet to. the m2.in ere zone ana extensive 
illining was begun) VIi th almo.st t ~']o 1:lile13 of drift ing and 

. miscellaneous woxk. A further extension of the Kaspex . 
crosscut "':jas eventually e(1,de, 1500 feet beyond the ore 
zone, to. an o~")ening on the easterly side above the pxesent 
to"Vmsite. 

Two. long crasscuts below tbe Kasper were d:!'iven later 
and used fox :TI?.in h2.u1age ~ays for Kasper ore in addition 
to. serving fox ~ore limited mining opexations on those 
levels. 

The BlackSl":l;i. th property wi th its uppex tunnels and wo.rkings 
co!-nprising the Hilltop Claim and those immediately ad­
jOining, was under separate ovmership for rna.ny years. It 
was ina.ctive and did not become a part of the project until 
later yeaxs. Thus substantially all of the past production 
of ere came from the Kasper workings or immediately above 
and below the 6750 elevatien. . 

(5) 
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. on, in and im:nec1ia tely above the lowes t vlorkings .. 

To continue the illustration in silti..lar terms, the l!liner-
al zone, or partition, is ~ade up of a series of up-and­

dO'\1'.'"'{l bands, like vertical stripes in an a"lffiing. The 
whole of the zone is mineralized, but only certain bands 
mnt?~in enou;h miner?...1 to be of co:'r.mercial value. These 
are called are shoots. They may be wide or narrow 
horizontally, and they may continue for long distances 
up or do,:~nJ or they !~ay be relatively short lenses. 

Extensive crosscuttinz was done in order to get at the 
ore 1x.Ddies vrithout hoisting. In retrospect this seems 
to have been ill-advised, but irom the present stand­
Doint it is certainly 0:: nrimary inmorta.nce for irn­
!'!lediate and future operations. It makes for very lOT/­
cost operations as cO!'n:;Ja::!.·8d 7?i th convcntion~~~~haft . 
l11'; no' ; nrr ml' th +ho ro",u.L~'" t· ~1,",~.,J... '~'!l"Ch lo~~r 0'r~d :~:was c:::tn 
.4", _ b " .- " •• ~ "., " ..••.. ,.u ......... < "'- 0 -* " ~~~ .~ 

be considered cormn8rcial than -;liQuId otherwisb~~610sSible. 
~o~ 

History: It is reported to !:'3 th;:tt the origina.l di~~es 
of lead and silver in -;:;1:e District t'rere l~ade nea%~.p~ 
pres8?1t Blc.cks:-:J1th or u~per workings, on this proJ~t!~ 

i in the yez.rs of 1880 to 1890. Some mining was done ~!~?o 
The ma.in interest ap,ears to h2.ve been in the hi€~h gr9d~_ ~~ 
S nv""r c:ul",",~;ri"" ml"n0.,."'l"'· 'T'';-;", ... o a"l"e l'Vl:::ny sh~ll"\"'" sh'='f;~·J.r ~ . .k_ v . U !JJ. .. ..1o\.A._ ~ .. \.'_i.. .... ¢. ..<I. .. ............... ",._ t:.l.C:.... • .. ~... '-';( _ .. c~ 1j~~ )r;"-~ 

and other hand drilled open:lngs a.long the ou torops Where\~~ ~...,( 
ore was mined and sorted. C «' .p~ 

Subsequently, a discovery of cOt.:'::Jer ore on wh~t is now 
the Birthday Claim, crmsed the Kas:Jer tunnel to be driven 
from i.~hat is now the 6outh7!estport~~1. The Kasper was 
later driven 1800 feet to the m2.in ore zone a.nd extensive 
mining was begun) VIi th almost t~']o !:tileS of drift tng and 
miscellaneous work. A further ex.tension of the Kasper ' 
crosscut ":jas eventually r::1ade, 1500 feet beyond the ore 
zone, to an o~Jening on the easterly side above the present 
to'Vmsite. 

Two long crosscuts below tbe Kasper were driven later 
and used for m?.in haulage 'vays for Kasper ore in addition 
to serving for ~ore limited mining operations on those 
levels. 

The Blacksr:l;i th property wi th its upper tunnels and workings 
comprising the Hilltop Claim and those immediately ad­
joining, Via.S under separate ovmership for ma.ny years. It 
was inactive and did not becorJe a part of the project until 
later years. Thus substantially all of the past production 
of ore came from the Kasper workings or immediately above 
and below the 6750 elevation. . 
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The old company which owned the group, comprising 38 
claims at the time, in 1938, spent huge Sll.--ns on develop­
ment. That co~~any Bined only about 12,000 tons of ore. 
The production ,,::;'0 1i::1i ted r!l2..inl~T to hand sorted clean 
lC2.d sulphide and to oxidized lead-sil vex ores Ylhich had 
relatively high silver value and little of no lead. The 
rSili.'1inder of the OI'es cncoun-cerc~d dUI'ing that ";'Jork was 
not attractive to them bec.::use of the lack of processing 
equipment and because of very low metal prices. 

The average price of le~d bullion at i-Jew Y'ork, upon which 
smelter settlesents are based, during the 11 year period 
of 1928 to 1938, inclusive, ':;03,8 und.-::r five cents per pound. 
This is eQua.l to about ::; cents Del" iJcund at the smelters 
and not more jGha..'lJ. two cents for" con"'jeained lea.d in the' ore 
at the mines. Silver prices during the s~ period were 
appr.oximatel Y half of tile current price p~~~ti~nce. 'rhus 
t 'ni'" -'l<!'! oY>e ~~O""O ""~s·to' -'~"e ""'l-~ '''''' c~na.'''~';ons r~~<> ..... ,",",.t ... .I.J"'~ J... u .. .:... '"" ... .i!. ~ .... !,-, .i ... !;..",-J......., t..).. J... U ~ 2~ ~ i. J(;"'-

from the mining property itself determine ~ ;t.~,,;erence 
between success and failure, or deteiwine V1h~ ~~~if a 
property may be OpCI'i?v ted. 001>"<--"fA 

_.. ~'U~ T~ 

After the .OTiginal company abandonee. the propert~;'>~~~ 
were numerous se..mpling and eXD.:.Jination prozrams byJ'~ ~. 
?ne con.'Plc ~e. survey ~l1d ~al:;)ling proj~ct is reporte . ~0'1J' %-~ 
ncwe cost ;$lLl,OOO. ,!:zcG.Llsnt maps anu assay records :(~~ ~ 
'this 1'!oxk are nOtJ aV2.il3.o1e to U8 s.nd have proven quite 00 ~ ""'1( 

accura to. Heports were generally unfavorable as to the ('tv. «'"1.1'~ 
shipment lor cru.de o:re bu.t Ia:vo:rable P.s to mill processing ~-V00v.°~ . 
even in the facs of t!uch lO:7er metal prices than are now Jj- 'er. 0~ 
in· effect. . 0;. 

T 'l·~ ~~~n" +h~t 1"+ is ~~c~~~~~y ~o re ·c~~t ~~~ ca'cu'nt·ions 1.- .J...~ ... _.cct. ~ u ... _t: , ~ , W _ _.1. ...... · __ .::: f_ .. ~ _ ' V J ....... u , "''''' • ....., _ ... c;.;, ... 

..,~ to 0"'1" """c; · 1 v~'u·'" !""If' "'C"-'~,;""'i .')' ore e b"'·,-.·"":'; on cur""L'lnt 0.0::> c .. " .. 8 __ 'J. ,-- . t;:...,~ ~..., .. .n_~u_Eo 0, 0..:> .... ,... _ .Le; 

prices for metals a,nd CUI'reEt ope:ra ting and 8upply costs. 
In doing so, it is rec~lizGd t!l2.- t the huge amount of prior 
development which W2.S t~:e::::,etofo!'e urr;;rofi table, is now of 
'Very g:re ,s.t irlportance £"rO::1 t:18 standpoint of beth time and 
productlbn costse 

Metallurgic3.1 Discussion: Ji:!.'st it is well to know that the 
Hilltop IEinss are c2:::'Tie3 but li 'Gtle gold; no p8..y qua.nti ties 
~·"I'8 • r se~"1t '1","'1 ... ,. _no,,'''' -; ~'l'-n -c.·UoI< ""01 ' n"o 0 0 c",..;I!n ots c__ p e _. _.!.~ ~_1e be~- ..... - ~_~ .l........ J \oJ <:::, _(l ~ e... C......... oJ. sp 
in cO!l..nection tri~~h co-;;psz o:res. I hc:.,ve the in:pression that 
there is a definite tendency fo:r increase in gold content 
with depth but data are too limited as yet to be definite. 
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The old company which o~ned the group, comprising 38 
claims 2.'C the time, in 1938, spent huge s~'ns · on develop­
ment. That company r1ined only about 12,000 tons of ore. 
The production ,,:::'3 1i::1i ted r:J.2..inly to hand sorted clean 
lead sulphide and to oxidized l82.d-silvel" ores which had 
relatively high silver value and little of no lead. The 
re::r. .. 1.inder of the or'as cncoun-cal'ed dUI'ing that ";'Jork was 
not attractive to them because of the lack of processing 
equipment and b ecause of very low metal prices. 

The a.verage price of le::;.d bullion at r~ew Y'ork, upon which 
smelter settlements are based, during the 11 year periOd 
of 1928 to 1938, inclusive) '.";'3.S une.9r fiVe cents per pound. 
This is ec!ual to aoout 3 cents per pound at the s melters 
and not more tha:.'1 tl70 cents for conta inadlead in the ore 
a t the mines. Sil vel' prices during the s~ period were 
approximately half of tile cu:rrent price p~~~nce. 'f'nus 
this is one more ins t2.l1ce ';'There condi tions <nP:t~ anart 
from the mining :pr~p~r~y it.self determ~n0 ~~...fe~~nce 
oetween success aUG !3.11u.:re, or dete:r..'wlne Vl!l~ ~~~ 13: a .. 
property may be opere.ted. . 00;'~~~,?~. 
After the original compc.ny abandoned the propert:r}~ ifj 
were nuuerous s2..mpling and e3:a~ination programs byJ'0 ~. 
One CO ll.'Ple 1;.' e survey and sar:r:.:,ling project is reporte .. ~~J' %-~ . 
ne"ve cost '~:1Ll, 000 • . j~zcellent ms,ps and assay records :(~~ ~ 

. this 1!!o:ck are n017 aV2.ilable to us and h~ve proven quite 'b ~...,( 
accurate. Heporte were generally unfavorable as to the 0~«'''1...p~ 
shipment iof cru.de are bu.t fav6:rab:!.e 2.S to mill processing ~<0 00~O~ . 
~vcn .. ;n ~he face of ITuch 101.7Gr metal prices than are no\'V 'V~ ~"1. 0~ 
1n e :u: e c '"C • 0;. 

Thi$ means tl~at it is Ilecessa.ry to recast the calculations 
"c! to cO""I"e-"'c'" ~ 1 V~,,~ <> .~ f' 1''''' ''' ' <) .; ni r ) . 0 oc bro. , ... . ":l. .'::; o· .,. nt 0...;:, '.".1 _ ___ _ __ .... t; v~ _'-' ,H_~ J. _no rl:;;O, v..Jw'-" n curJ.e 
prices for metals a.nd cu:rreI"!t operating and 81.lpply costs. 
In doing so, it is rec~lize d. t}-l2..t the huge amount of prior 
develonment which );'2.5 t~:e :retofo:re uIl:Jrofi table, is noty; of 
V6:ry gi-ea.t irlporta~nce i":-02:1 the standpoint of beth time and 
production costs~ 

lletallurgical Discussion: :?i!'s t it is \';-811 to know that the 
Hill top lanss are C2.:-r'i83 but 1i ~tjtle gold; no pe.y quanti ties 
C.re present in tlle gener2.1 run Qut gold does occm:" in spots 
in cO!'l..nection TTi th co~;peI' ores. I h~:..ve the in:press ion that 
there is a definite tendency for increase in gold content 
wi th depth but data are too linl i ted as yet to be definite. 
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The Dain mineralization is in le~d, as galena, the sul­
phide form and as cerxusite or sand carbonate, with a 
lesser p:roportion of f.:...'rlslesite, th.e 8ulpnate of lec.d. 
Ti:€: t'.70 latter lnineI'als C2.n of cou::..~se be considered 
as results of secondary alteration in place or as second-

. ; ' '''1 ~, .. t . . ~ 1 axy re-pr~c19_~Bu' on aI~er a~ era~~on o~ ga ena. 

After some months of ezpericnce with these ores, I have 
deve loped the theory that the mineralization of the Hill­
top st~ucture had best be considered as representing three 
sepa.rate phases, or pe:rhaps separate :9sriods of minexal­
izing influences. in such D2.rmex <:I. S 'GO ure:::cnt for con-
81'der,,-'-1'o'1 r'" le~""'" .t·1"""ep l':" '~ '~n ';"y-~e ''''' 0"'- 0"'''· 0, CJ 1 {,'l. U .. _0 V V_J.J.. .,.J ... < ...... 1. U . IJ"~ ..&. ... t,; • 

1. Banded ' or ribbon like agglomerations of !!lixed sul­
phide minerals, repl'esent ing priEl2.!'y unal t~~ ores 
shown in the 10-;;e1' 1c'1018, principe .. lly in 7;~$"-iiehr!1 
~unnel 7.~orkin~q. .In this o;::e, ~(jhe .l~2.d <:3sa~ .... ~i18 
:r:rom lq';;;; to 10';:' lead, some'.'i~1at .Less ::!.n z:!.ncp..<'fJW~ 
1 to 2ja copper and a sil ~.::er content of a.l~li.04<, ~~o 

• ... '" ~ .:) - .,. J , ld <; ounce per un 1. \.f OJ. .Leau.. lTI -':; ,ns O:'C ~.tle go cooo 
seems. sli2;htly hiEher them e ls2whc!'8. 1;,~ ~:~ 
.... ~-) 1 ... I ~~. t .., - . . ~ ~~~o>Vr 
~. .tlep acemel1/J -~ypes or .Len :!.CU.!.fll' C.CpOSl1;S OJ: m.t.A~ ~ 0-<, 
sulphides, v.rhe:;.~e in the illil1el':-:.ls are relatively coars@'~"1J" ~ 
crystalline, where the OI'G is }J2.rtly oxidized through..t<.}" /'0 ~ 

ou -ii, Fwd where ~7e find ore of this tY"jJe .in silicified . <'.00 ~ J1( 

11' ',",c'stone bor1a.Hnr~ ~r:- "'7",,"1 ""0 ';n o~-. ;':: '~lo'l'\G' t"''''''''sverse r. «' 11 ...... ,1........, ~ v \,4 _ -0 c..;,.J \II v..t.. - "--' .... ~ .o;;;-~ .... """- c... ~.;.~ - C~".&. '-(... -r. '(~ 

lines of weakne~s near cross dil;:e-fr~ul ts. In these ~" 00 o(/, 
~ f . d 1 1" • 1 t d t" . " v. ;I.. 0::e8 ve ~n SU_D1l1QC JIi lne:ra_s a· an near i,e sur- '''''.., '1> • 

face and in the outc:rops, but tIe 2.1so find oxlda tion . .) ~7C 
prod.ucts Bore tl-'la.n a thous[~nd feet oelo1't' the surf2.ce~ 

3. ~assive or nearly solid oxidized mixed minerals 
o:f lead c~",rbon;;,te, lead 8ulph;=:.ts c.n6. :>:inc carbonate 
which appear' to be xe:place u'::i1t lCY!3e.:J and shoots of 
gl'ea t size and length. ~'ferein i':C lind oxid.e. tion e:-:­
tcnd.i::.1g il'om the su:rfaJo8 do ~.-1!n to as deeD 2.S -ore sent 
wo:r~.d~fi~ ext~nd.. These _ ar'(~ in silioeou~ gangue ~:r 
sillCl.Iled lu;:;st;one :::nc: occur as Daxf).l.!.cl deDosl.ts 

1 t ' ,- , . l' , : , ,~ -. a ong ne same oeaalng p_anes as ~ne oenaaa prlmary 
ores. 

In the ranlacement tyne lenses of th ~ #2 cless the 
silver co~tent is ext~c~ely high i~ spots but averages 
10-.:1. In the 7;;·3 claGG t::e silver is sor.:e7:hat less than· 
the priD~xy ores~ averaging perhaps half that in the 
banded type. 

All the ore seems to contain a more or less constant 
iron perc5nta,~e of 8 ;~ to 10:,0. The g~nbue minerals 
in the ores are varied. Free silica prediminates i~ 
ores along the contact zones. CalCite, kaolinfte, 
barite and f10uxite are noted in decreasing propor.t 
in the order named. 

(7) 

". ,. 

FRANK R. WICKS 

The t:.1ain mineralization is in lc2.c., as galena, tile sul­
phide form and as cerrusite or sBnd carbonate, with a 
lesser proportion of anslesite, the eUlpnate of les.d. 
Tl:e t~o latter minerals can of course be considered 
as results of secondary alteration in pl2.ce or as second­
ary re-px~cipitation after alteration 0: galena. 

After some months of 8::Iperience v:i th these ores, I have 
developed the theory that the mineralization of the Hill­
top st~ucture had best be considered as representing three 
sepa.rate phases, or pel'haps separate periods of minexal­
izing influences: in such t:1armel' as ·Co p1'8:::811 t for con- . 
sideration at least three r::a.in types of o:re: 

1. Banded' or ribbon like agglome:"atibns of !nixed sul­
phide minerals, repl'csent ing p:rim:::.:ry unal t1.~ ores 
shown in the lO';7er levels, p1"incipally in 1..~¢<"-iteh!!l 
tunnel i!01'kingq. In this 01'8, the le2.d a3sa1j}~~ us 
-.I."'''''om .l.."' 0(':·, +'0 1 £'-;(k, l""=ld ""O·11c'~'~",~·l-.L- (:'. C:O,", -l.,... "';ncQ",~ ~ ... ..I"" .... -"""," '-'G, &.;J" •• "" •• .-L-... ~'" VO,.;l ........ ,,~-,I. 'A- ... · :::'-1 
1 to 2jo copper and a silver content of al~:':.04<, ~~<:J 

• , .~ ~ " - .,. J' Id <-ounce per nnl1; or .Leau. .lTI "'C,ns o!'c (;.LlC go 0000 
seems. slie!;htly hiEher thE~l e lsG~;;hc!'e. ~~ ~:~ 
"J .") 1 .... I ~ - t .., - . . - ;~~o~ 
~. j;lep acemen~ '~ypE:S or 1.81'1 ~CU.!.fJ.r c.epos~ 1;S 01 m ....... ~ ~ 0-<, 
sulphides, r.rhc:i.'ein the mi1181':-:.18 are relatively coars@'~ "1J'~ 
crystalline, where the o:1:'e is partly oxidized through....?%,,)'o ~ 

ou·t, c.i11d where ~7e find ore of this type "in silicified ".00 ~"1( 
limestone bedding as t"?ell e.s in m"'lei along transverse <:(,«'-1...p~ 

I 
I 
i 
! , 
I 
~. 

l ' ~ . .,,' . - ~ ... I.J-· /f 1"\ 0 lnGS ox weateue,ss Ileal' cross (:a~\:e-:z[!.1.2.!. vS. n vnese ~~'-1..0 0: 
~ f' d 1 l' - • 1 t ~ . .,. " V. 1-0::e8 "Ve lU SU_DnlCie J211ner'C1-_S a· ana. near 1;l.Le sur- '/A,... '/fJ 

•. . ~ .,. ~ ., ~, '1 face ana lU tne outcrops, but ue elsa IlnQ QXldatlon 0 
products 1110re ti:lan a thOUS[l,l1d feet 'oelo'.~ the surf2.oe~ 

3. ~assive or nearly solid oxidized mixed minerals 
o:f: lead c:?' .. rbonate, lez~cl 8ulph;=:.te c.r:.6 ~inc c2_rbonate 
which appe2.1' to be :csplaceiii"::nt 18Y!8GS and shoots of 
great size and length. aerein we find oxidation ex­
tendi:ng fl'om the sU:I'face down to as deeD 2.S nresent 
i'Jorkings extend. These are in siliceous gangue or 
silicified li~estone and occur as parallel deposits 
along the sal"]8 bGddL'lg :o12.:o.e8 as the banded primary 
ores. 

In the replacement type le:o.ses of th ~ #2 class the 
silver content is ext!!cr::ely high 1-:1 spots but averages 
loolJ. In the ;:"3 class t:~e 8il V8r is sor.:e-r,·ha t less than 
the prin~ry ores~ averaging perhaps half that in the 
banded t~-pe. 

All the ore seems to contain a n:ore or less constant 
iron percentage of S;L to l07~. The g::tnbue minerals 
in the ores are va1'ied. Free silica prediminates i~ } 
ores along the contact zones. CalCite, kaolinite, 
barite and flouxite are noted in decreasing propor.t 
in the order named. 
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FRANK R. WICKS 

In l'eccnt nonths, I1~inly be cause of intensi va investi­
Ga.tions ~'l('.de by Dr. "i'{stson, it he.s been shoml that the 
pr imary ore3 carry substan t.i:::.l ?.mounts of tun:-;sten, 

'"1 . . 1 ....,.. , ~ . . I ~ t' • 
UOE~ Y nSDcn8e_l~e out 2~SO as WO_Iram1~e. nlorn~ lon 
or: this subject is not ~:et ??::;plete, .b~t .th~ ~un{;st:n ~ 
Dlnerala app~a2 to be dlreCt!y aSSOCla~ea w1tn tne oanned 
ores as a Dart of the ori~ inal mineralization and also 
occur E ep2z:ately in )l2.ce~ quite <:'p2.!'t I:-O!:l the sulphide 
~o:r.es. Eo cefini te perccntC".ges C:i.n be st:.J.ted as yet, but 
.Iclle v'licle cistJ.'ibutio~tl o:f tl"lese E"iiuc:ca.ls in the lo:"rer 
and second tu."1nels indicc~te tha.t tungsten tIe.y be a very 
irn-oo,,{·t·'nt DI""~cl"c+ ';''1 rrd11 nrO""':l""~';""'i"'" ...... - 1,. .. • _Iwl ~ U ____ ........... _ _- \"" ...... _c.J...J.-u • 

~, ~uc', o·f +~;e "I'~Yl M~"'t:>7''4'" -1 -'- t, r e· ,::; oj, ;". '.) ''';1.",,~·t:> ",,, 1 .'. I. _ " ... ~ ......... c ,.l~ .. ,-,~ .... J. _n ".-e ()_ .., _s .l;,.rj,",~ e, "n ... C.1 
. bl" - . , , . ~ " .J ~ 18 a !'l c 'C '.7 ~ nc "'1"~ [t ' I r q3 'C'1 G"l F'~ "y 1 Yl ':" ''''''''(1) or;., " ~ or ........... ...,_. j."J\. -.:.-' -_....... ' _.. ',J 'l.. ~_ ...... - C,.'l lJoJ.... . ~~ .... ) 
~ 'f' ,., ""ui •. ,~, ~ "'e ~ '" 1 i' ,.. -. i . . 1..'; 0", 0 "~.' + ~ .~ .. "'f: ~... _':' .I. ... 0.. '" "'lJ •• .I.U. .l-n .:-0 __ 0. ..:>1.1_ U v _ .010. h. .J..l :;,l "ce.. (,L'!:_~ J, 0..1. 

"1- -rt-!~ 1 '-~.;'i {"! ., n·(1~ :'1~ : 1 .... -: o .. ,.~ ~ ".0:"':' 'I, ....... ~ '7:_ tLe no_ ... tl_ ~.J..~c ..,U~'p._l"C· 1 u)I..<.:,J.c_.I.t", l~, .. lOvCURi ?rl,l.-; 
p .... l·l~1::-r'T o"e~. 'T'1··,{::.7'tc·i ~ no (~e l" iTl-1 +e T'e i "l7:~ """1c ""'~ to - .. ----J - ~ ... -•. ",,-- _ .......... ........ - ..................... _ ........ ""_v ........... ""(1".,. 
proportions of le2~cl p,;:d zi nc ::·,ineI'c:.1s. It is s~~:p~nnt 
to no +e ho""''''V'''"(' 1'-",,:,+ J-1 .., .c. ..... n· ... T, ' 4 ..... ,.,.r·.,1,., C..,~,..i' ve:n7'~~lO . :..,; ., ....... '-'_, I-~\.' ''' Y vJ....lo •. .J. £J..!. .. 'oJ .:. _ l ~ !l \ ..... _c: .. .. "'): -:._ ..... ,.1.... ..L-Cl) ...., 

if any of the silver or ?;old. 'D:e 8il vel' se ems to:f1~ :;;>-

a8socia ted. p .. lmost entil'cly pi t il 113::::.<2 r; inel'als. 1-1?",""~ ~ 
. u '0 

0 .... ~ 0.(' 
T/'-" m tOni c-. '-:·l;",··,,,,,~"iu '~'i ~~C> l fl'; f:' " ""r.!~'-i .~ ~ • ,- t·~·l-J. ( ', 6 cot:-. .. .." +h~"" - A .... 0. _i;I H._ v,~..1. ..... r:;;._c~ _ ... uc=~ .. ,_vn, 11J • • 1_ "'" ...,~e,,"1 .. "4<:YJS:;',J' .~ . 

. mill p:cocessing, :fo::: the SCI)2,!'::: tion 0'£ the SE;vCI'::l usefUl-<- ~.~ 
".'1; "e""c", 1 s oj" .-',n -(';-: ·1:10"~nt. '1,( 0 r"'Vc-:.nu"". "['711 c...,t " ","~ ·C'·-", c~ '") br=> ,....~~..I.~ l' ~~ ~,"1/ ~ _ ..... - ~...... -- ..,t-' ....... --- ~ ~ . ,., - '\.( --'- V I :I ..... . ~ "''' II.......,. ~~ .. - - _ ... .. - ~JV·~ ~ .. 
I~'I' "Ill e l' .1o-}10 '". .,. -j.,., c or tu~10'~ +: ro'D '1·f ,"'>\~ '" ~ CO" 01- .., l' ni 'l'1r·' ~~t1 '" S e ('I «' 1>", - v . \,.t ~~_ 4J _J. J. "'-'-.:.1,,;;1 ..... \"" J. -..... \J_............. ~ l .. u : .. ", _J. .... t'JI ..., l __ (,.~ "'1. ~\C 

me tals arc shipped to le8.d smelters even tc.ol1.gh they may ~ (\(\~o~ 
and probably do :represent at least half of the theoretical ~ ~ q. 
assay v&lue • . Like17is8, lead s. '.lleltel·s a.nd processers do . . 0;.-' 
not like to handle 11i,;::;1::. zinc c::rude ore at all, and apply 
direct or indirect penalties accordingly. Hand sorting 
Of' c"'U(~P o""e '='u·ch <:'<=1 ,,"p.~ 1"'O"'l'r ·'~rl'r -l~ ",~·i,orl 1·'''' ..... o·'r ""01."0 0-_ "'" '-"_ ..:..» t....J .... t;. ............ v, ~ ... ...... .." . ..t.. .......... J ...... ..t.._"""'"', ...,,6 .. y , 1:.';' ¥ ~ 

less out of the question because of high labor costs for 
80 doing. 

Milling liI'ogram: In order to t2.ke care of this problem, and 
to ITl:::;,ke it possible to get into 62..rly production, a plan 
has be~m v:orked out; for at leas t temporary operB.t ion, 
whereby crude ore can be 2: i ven a pl'climinaxy or l'OU,3h 

.l.. ~ • J...&. .. I .. t' . t .., ..... concen.,ra "Clon cUi t,;D.e "OT.o;Jert 1 '~8; r~e p:taGuc ' resu.J.. iJ1nrr 
·i' .... ,~,":1 <··h·l C' I'OU""'!"; '1"0' on:'-r'·",,~. i on . ,.-j 11 ·r,-i."", '0"" .... .,...,llc1~er1 ~'O ;; --""" ... u ... _.J....J 0 .. "J...L ;;:) l"" .... ·-\ .... v- \; '. _-_ v .. ,.),_ ... J. ~~. l.I_ -J,.~ ~ v c.:.. 

flotation, concentration plant ~t Lordsburg wh8re sep­
are. te prod.ucts of lefld, zinc 2..n.d tun.~;:s ten minerals will 
b ·~ ""ad,'" J:"o.,. c-~.,~ >"" ''1+13 "'0 SU1' .:..",')" ~ ';:- i~ ' .. , ' • N 1 .... t'" ";::; ,'''- '-' .J. ...... UJ.}J.ile..... y \ (, '7~r....l.~ ... _ .11:;,~11no p (..n .;, .. 

SODe of the highly oxidized ' ores C[~n ~nd will no doubt 
be shipped direct because of hig·hsili.i8r cont2J1t, but 
these must in most cases be mined at the sarne ti r116 that 
'the mill ores are tal~en out, so th2~t for the most part 
the whole prograr.l hiI1ges on mill pJCCessing. 
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In recent nonths, m~inly because of intensive investi­
Gations :;·12.o.e by Dr. ;,'Iatson) it h8.8 been 2hown that the 
pr imary ore3 cr:.rry suDsta.n tic:.l a D;ounts of tun~;sten, 
1.:08 tly as · :Jchfeli te but 2.1so as wolir2m.ite. I nfo:r.-n:.st ion 
Ot; this subject is not ~et ??:~)lete, .b~t th~ ~un{~st?n _ 
Dlnerala appaa2 to be dlreCt~y assocla~ed wltn tae oanced 
ores as a p~rt of the original mineralization and also 
occur sep2.!'ately in plac8s quite';.p2..rt f:;"O!:l the sulphide 
• .., .. OT'.t=',-... 1··~O c.'~.p.:·'1i+e Y\c>,..,..,,,,n+,,,r·'es ""'n ~ .~ s~·-ted """ yoJ· ~'"\llt 

.... _ii;I ..... :..,.. \,J_:- ... _ I,J. !""''C;_ '::_ .!. 6.,W\ -, ::.j 10.. ':"' .. . . ~ i);: U~, ~ .. <1>:. .. " " .... 1I, t.J 

trre ·.7lCle c..J.str2butlo~r.L Ol tr:.GSC Ei:LnZ!,3 . .LS in "Gr!C lO~ '!e:r 
and. second tu.'1r.els indicate that tungsten m2.Y be a. very 
.~ rr;-'"'C"'+"'Il7: T'"('''c."'' c+ ~" m~ l..l..~ n"I·\ '''''''<'''~ ~~.L"'" _ •• "j:I .;. wt,,_ y ~_l...,; w;.. iJ .. _ .. ____ ..... .. _ "-i v ..... _0 ~J. U. 

?'.:uch of tile zi!!c niner2.1 in the .ore s is l(;arr:n"~' tEl, ~';,hich 
is a bl~ck '7~nc ""li ' ''' :bi r1 e 7:; t'l-l V"-'y;rl~~ '"'I""'~.JrJV~""~"J' <:' of ~ - .;...J_. ...,\ _;,J __ '-- ' _.. ',J1.. • ..1. ..... -0 j:J..L. ~ . .J.._~ ,-) 

':>"'on r-uj--,~,':(le ~n "'ol~'" .... "iU·'-iOy , • '';~'i+l:1 _~,J. c'~ .1.... • '" ..... l~ •• .1...... J... .;, _.1.\ ... ,:,v_ '-'_ .~. 11 ..... .J..';,_ t.\.~c.. ,1,. ·~.~'I J. 

the norma .. l zinc su.lphide, 8}J.113.1eri te is no te 0.(') 1 ?d}e 
P"'l' lU::""" o"'e~. '1"'1-',;::'"('I')'i C! \"10 (: ."'·?i 1'i "J.~ +e rei a~~ :l'1~'fY" ""~ to - .. --- J - - ---y- - _I.J..... ....... '--'- .... -..... _ _ .... __ .. , .... ",L:!.. ""~~ 

,...·,.op· ort-1o~l~ Ol~ lc.~(' ,,",,"1 '7'i nc · -.'l·-"" ·"""'·~""" T .... J ro s~~~~'"'n'" ):'- .' . ...... .1..- ,,""'''''';., 1.. (" ..... l.. _ • .1 ,J j-~ JJ.'-'.J..c .... . . 'J. _ i.J J..D ~~1~.w.-.(..;, t" 

to no ·te hO~lever, th.2.t the. zi.nc miner,,"..ls C2.rry ve:Ab~~le 
...... '-"ny of' t'n' r- ",-11 ~ <=>"1" ........ r:'ol - ,~" r.> co ~ 1 ~. ',... t ~ ... ~~ 1 ... '"'". _ • c >:>_-';"'_ v.:.. ,', C. 1.: ...... "'.:.. •• ver SG '.:-li1~ 0 r~~.)-
a cosoc.;",-I-p';: Q..l..~1' ''"'~t pn~·-1'l·r.>I-y. "'~t" lr-><::(l ,.. ~ iYlp"="lQ ;.-Ir'>.-r~~-~ ~ _CA.-\J_\".,;" ( .... • '.1\..1_ 'tJ .. _v __ ..... _ t:: .L J.~ .... ~ ....... L -. -.;'J._.J.._ ... J..... ,'"- '';;-? 

\J 0 0.-v 0-<, 
Fl'om this met2.11ur;:;ical diGG~G::~icn, it r:ill be seen th~ "1..r ~ 

. mill processing, :~or the Ge:;2.r~'?. tion 0'£ t~~e 2evcr~.l u3efU-l--<,.)-o~~ 
minerals iSl-it!.ramOlL'Ylt. } ro l'O"',J>311Ue whatev8r C2.11 be rGa.liz~ ~ ~<'. 
fl'om ei ther zinc or tu:'l[~sten if ores conte.inirlr; these ~.~"1.1>«'i 
me tals are shipped to lead smel tors even thol1.£;h they may ~ C'Q ~~ 
and probably do :represent at le2.st half of the theoretical ~,,~ q:. 
assay vc:.lue. Likewise, lead smelters <?.nd processors do . C) ... ·· 
not like to handle . high zinc crude are at all, and apply 
direct or indirect penal ties accor(1ir~gl:l. Eand sorting 
O -f c""u,q ~ o"'e ""U' ch -:a t:l .f"'" ~ 1"'Oi"r"'~rl'r i~>J.·'l.· "" (~ 4.",.., o~,' ""oro 0 ... -- .... -_ -:.. l) ~ ..,J.. ........ _ '1_ .. .- .... .. - - ........ J ..... _ ..... ,...I..-.J.I.... 1..:.. ¥ 

less out of the question becf.use of hi~;h labor costs for 
so doing. 

Milling Program: In order to t2ke c~re of this problem, and 
t a rr!::~ke it poss iole to get into 68,1'ly prod.uct ion, a plan 
has been -r-:orked out, for at 2eas t te!!rporary operB.t ion, 
whereby crude 01'8 can be given £. preliminary or rou.~:h 
COl1ccntra. tion at the propert i:;;;s; the proG.uc ·t resulting 
from this roughing Or)~l>2.tion .. .-ill then co;? trucked to a. 
flotation, concentl'ation plant ~t Lordsburg where sep­
arate prod.ucts of lefld, zinc 2.n.d tun.::::;:; ten minerals will 
be ,!rJ:1.de for shi})!'nents to sui t2.ble finishing plants. 

Sane of the highly oxidized ' ores CE:Yl 2.nd. will no doubt 
be shipped direct because of highsillrer cont:mt, but 
these must in most cases be mined at the sa!YJ.6 time that 
·!· l'.., P. mill ore"" """'0 t ... , 'l"en out '" 0 0/..1.., '" t ""0"(' t'~.::. ',."',r-. s t "'"'~.,..t lJ *_ 1. _ _ .:J (' ..... .,l.. 'V . . ..:.,. ~ . , U \1 .... (..... ..L ._ J.J.\"I """ 1..Jc..-

the whole progra~ hinges on mill p:messing. 
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The Lordsburg milling plant, is 50 miles from the Hilltop 
• • -. • J'" t' T..' 1 1 J ., , J; • t proper neG, and :1.8 not a p2.r c orne .. -l~~_ ~op nO~(;'.J..ngs ou 

is' under lease by V:r:tson &. Could as a ceparnte property. 
This pl<:n~G is a very ir.:po::'t;taIlt facto::' in the proposed 

~ ,..,... .... - " . ':..L.. T"' - ..... · O ''t'" r~+ ·C" ·;-·c,.. r"'''~n'' "'~~--r'f:'II ~C! ~ "'l'o·C"l'''O'1.-(' DI 0·. ): ' -" !'" ... I, .d·~v 0 'Je (_ ,-,,; a. -'- ,_ "c •• y ., <;; cL_ u c • .;> c;. J: t. ! '" .),c._ "" ... 1, _ .., -+ 

concent:rG.toI': end. :;;i11 need 801::e renodeling for fdec~uEte 
selective flotaticn of oized sulphide ores. It is now 

-~ ~ d -1+ h or ~~e~ ~ h~" N'l' +. b ~te~4 c c~ e<;u.J.p}Je,- v, v4. P. U.).i '_, '-" .,{ __ ....... J. _, ",\",0 av ...... e..., .l 

-fl ... ..,..... .n-.LJ.~ '" .~..., .... " ... "",11 "'n .... ~,"'0~\r 1"'n':" .... ·'d nu'""""'-"OUS _ Ol<u,l<lon c<;:; ." <.-< ... C~,I,..;", __ ,-, •• ", 0,""';:'<'_.:; P_CM_4V, 0..... ,1,-... __ 
~ tel"[.G of Gc.uipment neCCi..~C2.17 in connection, including 
electric power. It is alongside of the railroad on a 

.. . ,,, . t' - . . 1 . -- 1 t -. I-separa.-ve sJ.c.,:),.ng, Wl n .Lo(lc:.:l.ng J1US :tor C2.r 0 srnpmen·.,s. 
I Ul1o.erstand. the:. t r~ddi tio:r.::l ground LaG been acqui:ced 
for tailing stoxa[,s. 

Shoi,7ings in. 
r.hile mrmy 
mined, the 
of the ore 
Pl'iC0S and 

the Hilltop l,:ines: :r. t !LUS t be unde:rs tooeJ. the. t 
"'c"'cer.: il' tll!" <-'··.'''e 1 ·;;·oi·i.~~J.·nr,'<":! l·· ~\~r'" ' .... r:.p.:in e-;-+e'Y1LsJ.·vely 1JooIoo... _ _.... ... ... _ .......... .1... . , ... - or_ ..... oa...i ... ,.:.' 'J...... U-..I /) .. I. "'" ... 

+0·1-, , 1 +""'",,,,("1":::' ..... ·7 O-("~ -(,""" "'0' 1-E"''1 l' n bu:I.'<'" -f'-."'''.: c.;.~· on \I ",,,,,,-,_ ""'V..l. ... ,1.\_ ... t:;. 0..:;. V _ _ _ _ ..... ~1... J .. ~ i.':) -~ ~~ __ "J, v 

in "'l" '"'i"t S"l(' .-".,.,.-,~ 1 ..,.1",1r.> :) .... .,.,e" on cu"T''v'''';w':k r:·-", ·t?1 .. :) :.'..t.~ ' . . ~~. ir.~vc.._";"'("'''''' ... _\j '\4<1ro."J U.;. _~i""~", .... '_ . ~ ....... 
f"',..,.,.., " J_.-, __ + -v'-;"l +"i'~cJ. y ~ • .:.. ''''"11 b "\J'..,,~lL;~~ 1 a.,.::.uL1Hg v~ .... :;.u 1.,.:....:. ... ",_,:.:..t..,.enls ,·.1 ~-<'~6~"'c~O e. 

. ~ -e:...~ 
The most notable featuJ."c m:lY be described as a S~1.'"',4~~~,pre 
S '~oot ",i-i"h L' '''Y :oc. -"'01' ':"""'e'> "1",,,,,,,,./1 .L.'l..."" ("u.~""·:.ce OlO"""'l\.~r~·h L..I. Ii.' .... V. .J. ... ~,;.. v J. ' ...Lv •. ' -',..1 _ .... v&-.. v.:.. ... ....; ,~~..I..(-:.. ,- td! lJIt.; .. ~~-~ 

t1.1e, workin2is 9f er;.cll of t~~e aain levels fOl~ a total~~ 1--/-~ 
o.J. -'1":"''''''o'''' o·r ::> ;-r,~or.o··- ~;.. ono " "'e+ O~, 1'1--, ,,.. ~"eo::'~-r> '(>ly, ..,·,_,1.-0 o~).. 19t~;;;..v,,-.;.:;I""".y.L.". v .......... _ ..... ...,'" li-..l, _ __ V .... "" .. "'_ . ~ , .. . 1\, ...... _ ............... "" ...:.. ..... i--. uzf.S;?II", ' 

sl"oct '''nd ~'ld C" U':JP' '''a'r'f"' +() be "·icle-r s~:ron r,·""""","~'"l +1-1tei1.ro....:o .... .. ,(.- ....... -"".,.1 "' .. -- v ~' ... -) \J "'~,)"""''''' ,_.1._"-.. iJ ... ~~t:::].k~ ...... ? 

~ ttl,," 1 O'7D. Q t k"'O"':l ~~('\~',., -~ tt"l"'l'l 4;:-. ,~O"1'\ri"',.·'3 ab~'rr.> 'r1'l'S /'. '7" ~ \:0.'># ... "" _ • ~1iItJ ......... J:-I""'_4 ... .., ...... 1(. .... .;. -"" ... . _ .... _"";..<,;...) _ .. _. .... "), u "~ 

8hoot 'l;hich is :7011 oVer 100 feet in y,idth and ~50 foet <8-" /:.0 -~~ ,...... . ~ I 

i 

I 
t 

I 

~ -n -;-rl'lc;:-nr-:.r"YC! -in . ~. r~·i 0(; ;'1'''1: :lh,'""I·rc> +.1,,;::. )"=',,,h ill OJ..'" lo",.r'~t <)0 ~ -1/ ...... J. OJ.;. _ .-.. _y_ ...... -..- _'"_"'" ~\..'"-",_ \ .o.I l.,'ow ........ ., ................ ~~--.. .,,-,_ "y 'Ii. 

tunnel, VIas eztensi vely l::ir1.8cl frati! t?:lC Kasper level to i:(}'"1, -P~ i 

near the zu!.'iace cud iX'ot:: these,me level dowm~;C':.rd for /f{~ 0Q. o(/. ! 
about 100 feet. It ';[&3 sc!.:,e",7n::::."C less mined from the 
intsrmediate Gray1evel but has only baen tapped by the 
"P e"" fUt ~vo.l.-·k 'i l' ~.,.<:- ~,+ 1·). ~.~ n r .. ~ ~ 1: -,c.>" ' .... 1' ~ }"1-::-, 'r-"r b''''- nc~ na.~ O-"Co ... ...1J \( ;1 ---.00 . ~.:. iJ v ..... ..l. v S;'" v _ .. J. v v . ,~ ,_. ):I-.J .. .. .l ... ;.."~_,;; , ,_..... "."- .J., ""' 

is over 20 feet thick ["i '~U a fe;'; feet [-,-cove thel'C is a 
parallel -deposit of 8 to 9 feet of oxidized are such 
as ')-~"'v,;o"<'ly r'·'" !:.·c"'~ ""'C' '1"\.0,1 <:' c'1"O-:T~ "1'" -j c. --;-l: t 11° 11~""d J J. 10.1 ... \.4":'> ......... _ ..... .J..,ljC;:, ..... • .1..1. __ i~ u_ ..... '"'-". '.:,) _ ... 1 G...., - ~ *~c... 

01 a raise 178 feet a()ove tile l~.'~l-:!] tun.:rlcl.. Fllxther ez-­
tens;ion of t:16 r.13.in adit -::;i11 al~~lost oe:::.'tai:'11y shm'7 this 
"'''''''16 O~-lU'{'''' r:l,)- +he "-t'""nc1 1-'V·".L~ "hu+ i -'- ...... "'''' no'" ye+ b.-:>°n t.:)('"vio.... ... ""t:.: \....;;,.u u.... (.J J.l .... ___ c; ~ , ...., v -v ... J.· .. .-,t;,,) U V _ •. , 

O~~~~d D~ ~h~t no·~~ ,t)CJ.:.t; co. V ....... \:':'!.. ;..1 J...:. .. \,I. 

Ftouzrll~r pal"c:llelii.1g trlis r:.us~e :>rloct, ~l.nfl ap~)~·1.1-'e11.tly 2.1-
El0~t adjo:'Lnii1g it at t!:.3 10::8= level, is a. 3ird12~!' but 
~·~l"'l"'J..e-'" S"1-0 ... · r~-·4-r:>·i"'il·~ ..... (" h ..... ~·;" "''''-y.:::: "CO"o"" ;"ne'~e "''''in .....,1.CL_ .. .£.\J.., • .!,.;..IJi..U ......... o"..;., J.-e; ..JvV ... l. IrJ'I. .... It,..; ""'-_ h. ",,1 0. . ~ .. )i. 

snol:'inGs throu;::;hout the t1i-n8, 2nd ~arti 01..112.1'ly Oil the 
Kasuer level there a~e TX'.;.ny ore shoots on "';yD.ich extensive 
"11';n~ nc" ""r:;;"; done Q'U'Y'i nc.o P;". ·'-· ' It O"I"'''':-:1t~ on~ bu"\. VO"'y .I." J.' t+le l..O. ~ __ b '1",vC;Jl· ... '" J._ ... 0 _ ...... _-.1 J;-c .... " ...... ..L '" 0 E.t \"..o.J,. .... 

ore wa.s taken below the X2.sper, leaving sOtle 900 to 1,000 
feet of O1'e on the rake of the shoots that is ODen and 
rea.dy to mine. . -
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The Lordsburg milling plant, is 50 miles from the Hilltop 
properties, and i8 not a p2.rt of the Hilltop holuing~ but 
is' under lease by \';~"tcon &. ODuld as a separate prope:rty. 
This plc:n~;' is 2. very ir.;Jo:'tt.E.nt ractoI' in the proposed 
prosr~s; it ~S8 opereted for many years es a fluorsper 
coneen t:r:'a tor, and. :;:i11 need SOi;;Q rer'1odeling for fl,~) equE te 
selective flotation of cized sulphide ores. It is now 
equipped with a crusher, u bell Dill, t~o batteries of 
floto.tion cells, an e:(ccllcnt ass2..Y plant, and numerous 
i t(;l!";S 0: ec.uipment neec [~caI7 in connection, including 
electric power. It is alongside of the railroad on a 
~epa~ate.si0~ng, Wi~~.l?ading bins .for carlot Bhi~ments. 
I unQers~ana that fiaQ2~lOnal grouna hes been acqulred 
fox tailing stoX2.Ce. 

showings in 
v.-hile mrillY 
l'!lincd, the 
of the ore 
p:riC0S and 

ftouctll~r pal"~11eli11g tl1iz f.:.uge :;l·lOC t, :-l.nrl ::~;pp:·1.re 11 tl y 2.1-
1!10Eit adjo:l.ning it 2.t tl~3 lo:ve!' level, is a. 8ir(li12~:r but 
smaller sh~ot. Extending both ways from these m~in 
sho1.'inGs throughout the [;1inG, 2nd ;)arti C1..11l::',1'1y Oll the 
Kasuer level there a.re rnny \'):r8 shoots on which extensive 
mining 7Ja3 done during e22'ly oper'3.tions but very 1i ttle 
ore was taken belm'! the X2,sper, leaving sOY:le geO to 1,000 
feet of OI'eon the rake of the shoots that is open and 
ready to mine. 

(9)' , 
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A t the tir:!.c of my ori:;in:-..... l eX:?,"1inc.tion, it "!as ffly guess 
., .... . l' ~. . . t 1 ''''00 ,'. '"' J ' ~ . 1; .. '\3." ·,'!e 7TOU a Ilnc. a?p:ro7.!.n12.'? Y .,~ . ,\.Jut -con:?> OI OTe 
O J,> 0'/'\0 1<; 11d 01' "'nO+"f·)(·'r l' 'Y' ' '' '''''T'11'; f"-" ,,"t )r)V"'" .:..1,,,, 'R""'r',,, 1.::. vel ' .... ... .. . _.; _",,-. ~...... 1I _.... . ... .. :J"../_ ...... " , ,;0 1..'": . '..... I",.; l, .~-\v .:. .~~.l.. , ~ ! ..... ~ 

of 17:hicn !);~rl1r.>.ps I}·O to::> ~S O) 000 tl):;S ';7()uld he repres€>.:1ted 
b 'T ~r'o~~n 0- 0 s~o_o ~1"1 a'1~ "oy T)~~an~ ~I-.Llg~s r-ronl the ,... __ i,.J ; .. __ ..:._~ v ~.J,,-_.J.,, __ (.M .. I~.J.",. -~:_::)";I..i_ ... !J.!. _'-' .. ..s.. _ •• 

larT!:ler oner~tl.ons. .t S~;'8 n01:fL!.ng In SLlc·scquent ex­
plor:::.tion 01 ol~ 7"oj~ki:1S3 to ::)ub3t':-1.ntitclly dln.nze th~.t 
orisin~l e8tim~te. I w~s )articul~rly plc~sed, ho~evcr, 
to be able to oosc:,ve c11.ri TJ.7 lW mos t recc::~nt tri'O to the 
"' .... o.,-- ,.",',. .... iec- "'h,,+ -t'(1 Co n-r-'1m"""'~-': o:"r-,,=, ""'C-T':::' "'0 l''''~CI1 -1"" e'!1'J.· NOnce l·JJ.. 1,; ....... - \,.1 .. _ ~, V.l ... ~: .(. .., .. ,... ';"_' __ •••. .--. J .... oJ 1...J , .. " _ t:.. ..:) ~.\.'" ~.. ..... V u .... 

in 1017er 7.'or1~inGS heretof':)re in~cce8sible ror 8'X2..1nination. 

On the Kasuer tunnel level there are at least 20 places 
-·'h"'re -.... e' "'-.... .;~"" .. "" "~ll "''''·')''n·!.~ o-t '0"'" """'r. ht"> t;1'~f')-n ~n('~ \' ': .1 \::; oJ • .i.e·,. VJ.. 'J ,.,J.Y .. ~ul·_.. ( ... ~ .H ~ ..... U ..::.. _ _ ~ .. "" •.. _.:. ... '_" (' • .:..~,_, ~ ~ 

frOTii this l3vel 11.:)';7':'.1'd8 to the ]lac:':sf!li th pro~:;9rty it 
aeems e~ident t~nt a l~r~e ~~ount of ore is in place 
th2.t is 7'811 3:"o~m by "dde v ,:;in in th8 g+~G:·:s'~1i til e2..st 
~"-.l.·n'7e 'i .... U· ""'1~i,"'h l-. ",,,, ',"<':'ItT"'r 1-. ,,,.,,:..., f'o'l'''~'o,.;) .,..; ......... "(; ·'-?..,~or.1 t"i18 ., ~ ... ~ J U ,, ~ ... _v .. .l ii :.. ,y...J _. :.,., '-J .... j .. -' , ~.;.J. -. _~_\.l " v:J. ::"""i' .L!"t~. . ~.~. .... • 

1 1 ' ,. .fo. I ." -I(·:l3-:)er e~Te. i~nc'::l of tn,CS8 S1100ts can re~:3. (Cl .-n?.~)l'T be ... '.~., -r.5 01 

expected to continue do,;'m into u,;'1d throug·a" ~~,lm'ler 
'~'o'T'1"1nO'''' ... ~ .... 0,.,.'''' ~1'- n'''~ 'rno~ "' .... c- ;''1-''''t';.C'l.·>.",':<ic .<'\f.--1 ,-\. t v _ l\.._ uo, ~u :::l . !. ,i.., .... c .. _ t:: .. \.J ~ " .• ~ "1./ ( ... ... .. .:. ._'" ~ .. t,;..-;::;J. .l....!.. :~." ~-!(..~.1.I~ 

O ... ;..~.,.C" -0..,.,."" i.f- "'loro ",·""~t"'r.Q'; '1[0 .~n ~''''i ·o n'p'r.+ I~~o"" CB~~' ~ l.JJ."_",,",~ C ... ' 1 r .. o. '" ~ ~. ",o J '-',.1-' .. " ....... . .. J.. ' __ ' · ~'+I'"(J ,.·_ .... n·!,-', .. ;,.J _ !i1 c:; v .• f'. 
• , ,'<' "',-' 

/1,,<"<1., ~ 
t~ ,." d- #1 ti..,... ~ • ." ,-, • T1 i" !:{' 11 .... ,, _. _,. ,.~.,..s. oj 'I.. c;.p . ~ 'X,' L'le COt •. ~en <.';L:. ... _ 06.I:,~'". ,:L.. ,,~l_,_ v 'v) IL 0) '" ,. v ... es d:1Ve uT:s~ '>1> 

m.c:.'l''; + lit c",...·(''''nt ''''Y''; "'Cr:' r,·,"~1 ''''1' + A l·o~C'O'1"~)')l <0 ev:"';" /'0 0 .. .. _ ..r.v. r:. u ___ • ... ~l. · .J_ .. !"V "'~~"'; ~" • . ~ .... ___ " ~ '-1 ..... 1,. ...... .1. ... ; _ .. , .. f . ...... _ ' .... , ...... ~ "-

e'n~ . t"... '" -'-'0.... 0 ""I"; ~''''1''',. ..... .,~" rl 'f'.., ""11'; t~ '" <::' -:: -rof'.;t""'-.':-- ~ "'A P • ,-.J. .. l ... e.;:, -'-.L. . "l J. .FL_~_'U ,_ ..... .... ···. ·. v_, .~ .. ~~~, ,~:p., ...... . lD)..c 7J' ':'l; 
Y'lroJ·",,..,t ..... "n '')0 d"'''f1',,,,l o~,"(" in ~ -f.~"P' " 'lr\r')'}-'rlC< Q oY~e "''''''",,'''!:- ,," '1/,. ,..... ",-,'\..I vc""'!. ... ~ •. J I.V'J __ ...• \.J ..... " _.I., ,: .... _ ,..,., .1 ~ .. \~J..._\J ' <4;. ;...,/ ... d t~) .. a~_~"", 0 <~ ... ; 
'";..hi'"" r n .... ("'f -9'. , t":) "?'o, ~ ' ~ ,'"'-:" ; ,~ o .. ,.~o t~d· . ht":l r('o~ t" "',-<':-/ \ ).. I~.~ ; 
. ""J. lJill'Jn...,o::; ,,-,)'l' r~ve.t.l" ,,,_~ ,J, __ _ '.J'''O·~ In 1j .. ~ _" ", , ~n Ime.,;;.; ":< \ • 
The ul t i:r ... "1 te },)roCS1'.qm and tIle oVGr::>.ll -y!'oduction can nof<"(*-'I1 1~~ .. 
b .., . .... "'~ i,... ... oQ ); .. \ .... ,..,·1 ' 'T" ""C' 'd 11 do"'''''~'''~;"""o ·hi to ;t '0 vO 

. ' J 'PJ."u ... l.I"L • • ,,8v ..• p_1C,-"" 1 .. __ .vVv_'.I_J. ..... v -s a ·z<, Q. (>~ 

considerable e3tent r.md of cou:rse, the r::;en(':l1'al trend "'''i.} '-:}' 1'(.;-
on C'l h ...... C o 1°!'=: ~n~l '0'''8 "";::.0'l1 ":')'<;'., .... a· -Po" s'01"1e rna.., .... ';.,... . "1.c..,-s-~ .l~ C1_ p.l. J. <.8 '-' c.. '- '.C.·_ '.J,,'~._ --'l' ",: ...... '" -, '" .l. -- t" .... .;,. r 

, . 

The mineral co~t3nt ~nd chnracteristics of ores below the 
nr> "!",,..,"'" "01"1:-1'1")(';'''' ?l"ll,"1 ;::"O ~ -n il""' ('''-:~Q'''' i'tiT1 "' . . 0 +~l l--e"",_.l.o (I __ ~ "-o"r 1 _ -. "~.-' .... v .... ... "lP .... ~ I,; ",n", __ • __ u~nce n " .. e 
fu tUTe product j.on, !Z":.nd thr::> ff".2,in £(~ s .... tu:res of this phase 
Ie ad to most opt0m~tS ti C~ corwlurd.oYls. 

Ta.ke!! as a TI1:101e, I strongly l'ccom'Ylend the Hilltop and 
the p!'oject as now outlined. In m3.king these Tocomruenda­
tione, I R~ fully a~a1'8 t~~t there 2!'e cert~in metal­
lurgical probls::2s to 1:~~ met e:n.d th:?~ t mine-la.bor costs 
ar e e~tremely high, but th9se ar9 conditions th~t can 
be 8uccessft'~11y :;1et. I recomr'lend the ~cQuisition of 
cert'1.in outlying 01 "':. i ms ~nd Pl'C'9'2 :rt ie8, p2rti cul~rly 
on thr-; east'8rly s:Lde of the Hillt·~p holdings, not only 
as sources of additional orGS but for conv~nience in 
providinr:; space 1'01' "."Io.ste dispos~J. and tO~~8i te ().reas. . -
l'he,se things ha1Te been 1Tcrbally diecusseiJj{ n d?r· ;J 

Respectfully SU]x1fit;;dj~t Uv //' #' . . 

(10) 
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~,vnsu_ ng :'hln ng l!.nglneer. 

Registered engineer #2370, Calif • . 

-j; 

I 
t 
I 

I 

I 
I 
i 
I 

f 
t 

J 
! 

I , 

FRANK ,R, WICKS 

A t the tir:lC of my ' orL;in:::.l e:C::\"liy)2.tion, it ","as ffJY guess 
+',., ..... " ..",. ' lrl':;-' .!.>'" -o..,.'n''''t'''l'· :;00 ·-'n.].:.. ~ .0:> 0 ..... .,. . V-'''uV , .. e ",au ',. ~lnc. ,v,,;P.l. ",. 2. L"-' _ ./ "" ,VL· von::> OJ. ... .., 

..p .. 0 1· d '''~)(.~ -'Y' ... ,. ,..,.lri ,~.'" ........ . ' ..:.10 vRc:-.)'r 1.::. el ' 0.... on_ Klll 01" ?nO'CL .. 1' '1. .. ,, 'J_ , ... f , . ,o c:.oove (' ,1" ",~~~ , :1 . ~ V = 
of ~hich p2rh~ps 40 to 50,000 t0~S ~ould be rapreBe~ted 
b~r -;"'1"0',,,,, o .... p s-l·o"" T'l'11 <>, ~1'0 !:'l"'C!'" i ':~l'!'>" f'"l"om the ~ ~ " .. ~n .:.. .. ~ II D,~..... __ (.".1,_:. ,Y-'P:.~"·~ c. P .!...L_,-,.I S -, • 
lo'!"me:r one:r2.t:tons. .t. 8":8 n01:rtJ.n..g In 8uDscquent ex-
plor:::.tion 01 ol~ 7"oj~ki:l r:~3 to 8ubst':--ll1. ti:::.lly d'1n.nze th~,t 
orisin~l e8tim~te. I w~s )articul~rly plc~sed, however, 
to be a.ble to oosc:,ve CUri'1'7 Li1( mos t rec·:)nt tri'O to the 

.,.., ... O"" ,.",·,. .... iec- "-hr'l+ ·t'11"'o n'r"'1 m"""'~-': o:"r-,,,=, ""'O-T'::' r:,Q l'''' ~C11 '1"'" e'!1'J.'rt""nce 1 /J.. l,;....,_u.- -.J, V.l .. ~: .(..., .. ..... .;,.-' -_ •• •. __ . J ... ..,>1,..,J ~, _t:O' . ..:;: ~.\."'.,I .. .a.. V u ..... 

in lO7,"er -:7or::ines herctof':)re in~cce8sible ror eX2..1nination. 

, , 

The mineral cont3nt ~nd characteristics of ores below the 
present worl::ings 't'lill l1:-:.ve e..n 5.mportant influence on tile 
iu tUl'e product L:m, p:.nd 'Chr:; ff".ain £(~ s".tu:res of this phn.se 
1c ad to most optomts t i,~ COTlclurd.oYls. 

Ta.ken a.s a TI'hole, I strongly l'ccoYn"Ylend the Hilltou and 
t~e p!'oj e ct '::S _ ?OW outlined.. In m~king these 1'ccomruenda­
tlons, I R~ IUl~y a~arG t~~t there ~re cert~in metal­
lurgical proDls:;:::; to 1:('~ illet e:n.d th:~ t mine-la.ber costs 
are e~tremely high, but th9se ar9 conditions th~t can 
be successft'~lly :;18t. I reco}"nr'lend tte ~cQu.isition of 
cert'lin outlying cl~i ms ~nd Pl'0-P'2!'t ie8, p2rti cule.rly 
on thr-: east'8rly side of the Hillt ·?p holdings, not only 
as 80UZ-COS of additional orGS but for conv~nience in 
providi nc space i'or ~'!o,f:te d.is'Pos~J. and tO~~8 i te (i.reas. 
The!,e things have been verbally diocussed/1 n d?r. j) 

Respectfully su "'ittedj~t &;:'if p' . 
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v7 Dr. E. Vi. Watson, 
Hill top lanes, 
Portal, Arizona. 

Dear Dr. Watson: 

, FRANK R. WICKS 

CONSULTING MINING AND INDUSTRIAL ENGINEER 

315 WEST FIFTH ST., LOS ANGELES 13. CALIF • 

January 20, 1949. 

(Progress ~eport.) 

Since the completion of my rather lengthy report, 
dated Nove1Jiber 3, 1948, in which the main features of the 
Hilltop it:ines \Vere discussed, it has been suggested by you 
that periodical progress reports should be submitted from 
time to time as a matter of record. Accordingly, I was at 
the properties and in the mines during the period of Jan. , 10th 
to Jan. 13th. This report covers briefly the matters, of main 
in terest \':hich have developed during the six weeks interval 
since the pr~vious examination •. 

During the last few days of December and the first 
part of January, exceptionally severe vreather forced an a,l­
most complete suspension of activities. In due time, when 
equipr:1ent is placed under cover and propel~ preparations for 
winter conditions have been possible, delays of this kind are 
no t likely to . be eX}')erienced • 

. ""~" 

Early in November, bad air preVented adequate access 
to the outlying portions of the Rello, or lower level, and the 
Gray or f.:2 level, so a fully sa.tisfactory study of the workinGS 
could not then be made. Since then, the fresh air circulation 
in the mine workings has been substantially irnproved, so that 
essentially all of the Rehm workings and all but the southerly 
drift ",'orking of the Gray are now accessible. This was ac­
complished by clearing ore, waste and debris from the main 
vertical raise connecting these levels that Was formerly used 
as an ore-tra.nsfer chu te from upper levels to the main haulage 
facili ties on the Rehm. This r8.ise is v.ell onened but has not 
yet been retimbered or reconei tionecl for mam'l8.y use. It can, 
however, be used as an emergency exit if necessary until better 
ar:r~ngements are made and is of very ;;rreat importance in the 
control of mine ventilation. 

The opening of this ma.in raise was an exceedingly 
difficult undertaking, requiring some three months during which 
some/700 mine carloads of material '\'Jas removed, and 'while this 
~ork was in progress very little other constructive work could 
be done. T'ne useful resul ts accomplished are worthy of special 
cornmen t. ' 

On January 13th the work of laying' 3,000 feet of 4 11 

pipe in the Rehm tunnel had been cornpleted, or nea:rly so. An 
additmonal 3,000 feet of 3" pipe h~d been delivered to the 
po:rt~.l of this tunnel and made ready for dis tri bu tion in the 
workings. These two sizes of pipe are to be use~ for cdmpressed 
air lines to 'mine workings for operating drills and mine equ1pm~nt .. , 

,.; . 

I 
1 

I 
I 
i 
f 

. ·. 1,,'·· 
,! 1., • 

. ::- .. { 

,__ _ '1" • ."n:S. OFI'ICE. MUTUAL 4830 
# • "I - RES •• L.AFAV£TT£ 8276 

~/! Dr. E. Vi. Y;atson, 
Hill top ?!dnes, 
Portal, Arizona. 

Dear Dr. W?t son: 

!'-.-

.. FRANK R, WICKS 

CONSUL.TING MINING AND INDUSTRIAL. ENGINEER 

315 WEST FIFTH ST •• LOS ANGELES 13. CALIF. 

January 20, 1949. 

(Progress 'Re'oert.) 

Since the cOl~letion of my rather lengthy report, 
dated NoveJi1ber 3, 1948, in which the main features of the 
Hilltop Mines were discussed, it has been suggested by you 
that periodical progress reports should be submitted from 
time to time as a matter of record. Accordingly, I was at 
the properties and in the mines during the period of Jan. 10th 
to Jan. 13th. This report covers briefly the matters, of main 
interest '\-:hich h?..ve developed during the six weeks interval 
since the pr~vious examination. , 

During the last few days of December and the first 
pa.rt of January, exceptionally severe v:eather forced an al­
most complete suspension of activities. In due time, when 
equipment is placed under cover and propel~ preparations for 
winter conditions have been possible, delays of this kind are 
not likely to . be experienced • 

. Early in November, bad air prevented adequate access 
to the outlying pOJ~·tions of the Rehll, or lower level, and the 
Gray or ii2 level, so a fully satisfactory study of the workinGS 
could not then be made. Since then, the fresh air circulation 
in the mine workings has been substantially irnproved, so that 
essentially all of the Rehm workings and all but the southerly 
drift \~Torking of the Gray are noW' accessible. This was ac­
complished by clearing ore, waste and debris from the main 
vertical raise connecting these levels that Was formerly used 
as em ore-transfer chu te from upper levels to the main haulage 
faci11 tie s on the Hehra. This ra.ise is v.ell onened but has not 
yet b e en retimbered 01' recondi tionecl for manw8,y use. It can, 
howevel', be used as an emergency e7.1 t if neces sary unt 11 better 
arrClngements are made and is of very br:reat importa.nce in the 
control of mine ventilation. 

The opening of this m.-3.in raise was an exceedingly 
difficult undertaking, requiring 8o~e three months during which 
80:11e/700 mine carloads of material 'l7as removed, and while this 
~ork was in progress very little other constructive worle could 
be done. T'ne useful results accomplished are worthy of special 
co TrJ11 en t. 

On January 13th the work of laying' 3,000 feet of 4\1 ,-· 
pipe in the Rehm tunnel had been con~leted, or neaxly so. An 
addit~onal 3,000 feet of 3" pipe h~d been delivered to the 
poxt~.l of this tunnel and made ready for dis tri bu tion in the 
workings. These two sizes of pipe are to be use<& for crlmpressed '0, .. 

air lines to -mine workings for operating drills and mine equ1p!':1~nt. ,. 
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In addition, about 2500 feet of l~,tI new gal van 1zed 
pipe had been laid in the Bellm tunnel for a v;ater -line, leading 
from clean underground springs to the tov.rnsi te water sys tem. 
In this manner good dor::estic 'Wa.ter for camp use and fire protection 
is being provided. Storage tanks needed for this system have been 
purchased and are at the freight station for delivery to the mines 
as soon as roads conditions permit. 

During the disturbed condition of ~ater supply while 
the clearing of the raises ?as in progress and while the Rehm ' 
tunnel was being reconditioned for use, it was not possible to 
supply steady flow of clee.n water for the milling plant, and cold 
weather also made it impossible to operate the , :pl~.mt staisfactorily, 
so no serious c.ttempt WES m?,de in the product ion of jig concen-
tra te from ei ther dump ore or mine ore from the rrain r('1.i8 e. 

'1'11e diesel driven air co mpressor ~Nhich had been pre­
voiusly used at the upper or Bl2.cks 1ili th wOl'kings h;~s been brought 
down off the mountain and reset at the RehEl portal. This is to 
be used to furnish compressed 2.ir for l:linin~; until delivery has 
been obtai :1ed on a large lO-drill compressor recer:tl y purchased 
:from a nearby property. The present cO'~1pressor -gill serve very 
well for a month OJ: two lL."1t 11 th.e larger one is reG.dy for use. 

A 300 h.p. Fairbanks ;,'.or8e vert iea1 diesel and electric 
generating plant has also been p;]rchased for, installation in the 
main power plant building F:.t the townsi teo It will IH::ely re­
quire three rr~nths for uoving and setting this power unit, and 
perhaps seme'lrhat longer to get transloI"Ders that are · needed in 
connect ion, but eventually this nill provide ar:1ple and economical 
power for sizable mine and mill ol')eratlons. A sm~dler power unit 
for lighting purposes and numerous other items of equipment have 

. been purchased but can not nO'.7 be listed in detail. 

During my ftlOst recent trip, it Vi as possible to study 
the condi tions in the Rehm and Gray levels in greater det~,il than 
h<:!.s heretofore been pos3ible 7 c.nd to plan a more or less definite 
i n;2reuiate a.nd long range prog-ram for r:line operation. After con­
sider2.ble discussion r:rith you and your 8upe:r:intendent, it was 
determined that mining could be begun in the No.1 and No.2 
ore raises from the Rellln level soon after the large compressor is 
in use, but in the meantime it seems best to concentrate mainly 
on an access ra.ise starting near point ~';115 in the '~vesterly Rehm 
workings. This ra.ise will be he,:~ded a bout N-<i,O.!!W on an angle 
of about 57 degiees of slope, to connect with the Gray workings 
and subsequently to continue in more or less the same line to the 
Kasper and Blacksmith workings. 

This planned raise ~ill start in ore, will continue in 
or near ore in one of the best developed and best known ore zones, 
and will con:e up under known ore of good grade . on the Gray lev8l. 
The' :::lost important feature, ho';.;·ever, will oetba.t it will serve 
as a transfer chute from the upper .levels to the main haulage 
';Joint on the Rehm and will avoid immediate installation of ex­
tensive tra,ckage and air piping, etc. on the upper levelS, such as 
would be ne~ded if we attempted to use the old transfer chutes. 

',~ . 

FRANK R. WICKS . 

In addition, about 2500 feet of l~'!' new gal van 1zed 
pipe had been lClid in the Heh:n tunnel for a ~;7ater · line, leading 
from clean underground springs to the tovmsi te water sys tem. 
In this manner good dor::estic w::l.ter for camp use and fire protection 
is being provided. Storage tanks needed for this system have been 
purchased and are at the freight station for delivery to the mines 
as soon as roads conditions permit. 

During the disturbed condition of ;~ a.ter supply while 
the clearing of the raises -;','as in progress and while the Rehm . 
tunnel was being reconditioned for use, it w~s not possible to 
supply steady flow of cler::.n wa. tel' for the milling pla."Tl t, cnd cold 
weather also made it ir1"908siole to operate the .ple.nt staisfactorily, 
so no serious attempt WES m~, de in the product ion of jig conccn-
tTa te from ei ther dump are or mine ore from the main raise. 

The diesel driven air CO!;loressor ~Hhicn had been pre­
voiusly used at the upper or Bl2..cks;,li th v!orlcings has been brought 
down off the mountain and reset at the HehE1 portc.l. This is to 
be used to furnish compressed 2.ir for ::lining until delivery has 
been obtai:"ed on a large la-drill compressor rece''1tly purchased 
from a nearby property. The present co,~lpressor will serve very 
well for a. month OJ:' two until tf.·, e larger one is ready for use. 

A ' 300 h.p. Fa.i:rb£-mks Z.',orse vertical diesel and electric 
generating pla-nt has also been p<lrchased for, installation in the 
main power plant building f:.t the townsi te. It will li1(ely re­
quire three rrcnths for moving and setting this power unit, and 
perhaps some'lJhat longer to get tranSIOI"r:Jers th2..t are · needed in 
connect ion, but eventually this TIill provide ar;-,ple 2..nd economical 
power for sizable ;nine and mill ol")erat ions. .A smaller power unit 
for lighting purposes and numerous ot"her i terns of equipment ha.ve 

. been purcha.sed but can not nc)'.7 be lis ted. in detail. 

During my n::ost recent trip, it 't: (').s possible to study 
the conai tions in the Rehm and Gra,y levels in greater det~,il than 
ha.s hel'etofore been possible, and to plan a more or less definite 
in;meuiate a.nd lon.g range progra.m for Eline opera.tion. After con­
sider:::.ble discussion TIith you and your ~.::uperintendent, it "Was 
de terl.'lrlned that mining could be begun in the No.1 and lio. 2 
ore raises from the Be!lm level soon after the large cOi:.rpressor is 
in use, bt.:'.t in the rnecmtir::8 it se e:YlS bes t to concentrate mainly 
on an access ra.ise starting ne2.J:' point ~~:115 in the '~vesterly Rehm 
workings. This ra,ise 'Will be hec:.ded about N-(:O~W on an angle 
of about 57 degtees of slope, to connect with the Gray workings 
and subsequently to continue in more or less the same line to the 
Kasper and Blacks!"1i th workings. 

This planned raise 'I;'; ill stC',rt in ore, will cant inue in 
or near ore in one of the best developed and best known ore zones, 
and will come ul; under known ore of good grade . on the Gray lev·2l. 
Tr~e ~00t important feature, ho'.vever, will oetha.t it will serve 
as a transfer chute from the upper .levels to the main haulage 
point on the Rehm and will avoid immediate installation of ex­
tensive tra.ckage and air piping, etc. on the upper levelS, such as 
would be ne~ded if we attempted to use the old transfer chutes. 

.... . ~ . .. 
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I strongly recom~end that this n~~ acceas raise be 
begun as soon as possible and driven with 2.11 reasonable speed 
wi thout side stoping therefrom unt il it is connected vd th the 
Gray ·;,'orkings, a distance of about 4£10 feet. Hoy:ever, in con­
nect ion 1tii th this work, it will likely be advisable to run an 
a.uxi1iary r-9,ise about 50 feet to the W8St or thereabouts, on 
ore. This auxilary raise need not be kept straight but can 
.ro11ow the o:re body, and by mE'~king cr08S connections at inter­
vals, it will serve for safety and ventilation purposes as well 
a.s being a source of are. 'I'his· secondary program may require 
some alteration as the wo:rk progresses. 

We also discussed a general but limited program for 
fu:rther extention of the main Rehru ~orkings to get under and into 
other kno'!JU ore bodies th(,l.t 'were mined on the upper levels but 
not yet encountered in the Behm. f....:; ;: inclined to recommend that 
this development work be defel'l'ed for a tilLe, at least until my 
next exanination trip. 'l'he work dei'ini tely planned will fully 
en~loy all facilities nOTI available. 

I am much pleased by the acco:nplishments in recent 
weeks. 

Yours ver'J~ 

erA' ~ 
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FRANK R. WICKS 

I strongly recom~~end that this n:? 7: acce.:.!s r3.ise be 
bei;lln as soon as possible and driven with 2.11 reasonable speed 
without side stoping therefrom until it is connected with the 
Gray -;,'orlcings, a distance of about 440 feet. Hoy:ever, in con­
nection with this work, it 'l7ill likely be advisable to run an 
auxiliary raise about 50 feet to the west or thereabouts, on 
are. This auxilary raise need not be kept straight but can 
1'0110<,'1 the o:re body, and by mf~king cross connections <J.t inter­
vals, it will serve for safety and ventilation purposes as well 
a.s being a source of ore. This-secondary program may require 
some alteration as the Vlork progresses. 

We also discussed a general but limited program for 
further extention of the main Rchm TIorkings to get under and into 
other knovm ore bodies thci.t tlere mined on the upper leiTels but 
no t yet encountered in the Rehm. Aj~ inclined to recommend that 
this dev'elopment work be deferr'ed fo!: a tLr.e ~ at least unt 11 my 

... . t . ... - ''I' ,. -- - . -I 1 1 d' 11 .l:' • 1 nex" exarillna ~on ur~p. .l.ne wo!, ,( C8! ln~.;e y p_anne Wl ~U.l. Y 
en~loy all facilities nOTI available. 

I am much pleased by the acco:nplishments in recent 
weeks. 

Yours vel'y 
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Hilltop 1'in2s, 
Portal, Ari20n3.. 

Dear Dr. Watson: 

Durin2 the naIied of ~~rch 
~- "-

Hilltop pro:perties Qna reut'i:"t:s: t:;:-ip 
at the properties that ~as discussed 
20th, 1949, representing an interval 

V,arch 18, 1849. 

(Progress Report ~2.) 

7th to 11th, I was at the 
to follow 11'0 n~e ".1:"or::::: 
in cy report of J2_l1Ual'Y 
of sorr;e two ii10nths. 

Exceptionally severe '!;iintcr ':leather condi tionsduring 
F'ebrue~ry in terf ered s,sI'iously '7.'i th all eu t;:;ide 1701'1: for a t il;,e, 
even to the extent of block ins i::2.in 1::.ii.;h:Jays in -!::he valley 2.1'eaS 
e.nd along the ra,ilror-tds F..t both San Simon cnd Rodeo. T!1<'!.t this 
si tuation was eY::ceptional is evidey!t by the I?.Ct that the tot?.l 
precipitation, ~s rain and snow, is said to h~ve exceeded that 
of the previous fi va years combined. Re?.scna.bly good wca tl1er 
has prevailed in rarch to date. 

Since the previous report, essentially all of the 
existinc.; workings of the lower, or Ueh!1 tunnel hews n0":'! been 
oleared, dl'ained and m-".de ready for inspection and fo!' use. 
~dnor caving had ' oocurred at SO"::8 pOints during the 20 years 
since serious i'i;Jrk 11<>..0. been done, but only 12 o:r 15 timb;?r 
tu~nel.sets w~~e require~ ~o recond~~ion_and safeguar~ l} ~il~s, 
~h1ch 18 a rataer re~arkably good 81tuatlon. Inepectlon or t ae 
tvo vertical 1'~i8eS nee,? t he im1e::..' end of the Reh!:l, which ex­
tend li.p into the No. 3 Ol'e zone, ::110":'78 th~l.t tl-i.8Se ':V()rking:s a re 
in ~'Jod con411 tioD except .1'01' mlter cO::'ltrol and can soon be n:,'~d.e 
rec:.d.y fOl'" use. 

The ~ork of l~fin~ 3,000 feet of 4" ni~e for co uoressed ... '.. ... ~ -
air 'i'las nearly co;:~--:leted t ",i'O ~,lol1t218 ago but GO me of it hQd. to be 
re'7rorl:ed because of.' havin~; deV810l) c ,:;:, ('~i:r leake. It is nO~7 in 
,...... ., ..... ,o:::l . C ~ . ":"' (":t"'~"; .. ' ... :, -( c::"'" "'Z () ...... r ... ";" ~~ ~ ., r,P. r.l'H l' • .,....\.-:'\ h ~w 1· "='e'" ::::.000. 6H" p. " n ,~ ", ~ .... v ... Oi1(~.L V,\.I~J ... ~~G .,I 0 p1.1,,-, as no ., 0 ......... 

le.id c:::t -2ndin2.: out to t 118 ~:J() . 1 o:rc r#3.. i~ c ::J.Tld out nes.r 1x~rl:in,~ 
.... "":lCi"'~· 't'- t'h'ffl'~0t .,.,. n'" ..:.." "':"'":'!I -:a D.-..'I,,, ,'Y\ " ":T '- OW '.,.-. ("'.,...... '!::) ,.~r'·· t "":.."c. ~ 1·,,-,,-.. '0 ln LI.e nor •• "vu C ...... 10J. ... .. <.:' H ;: .. ',,';" '.,.vr,\.1nc,·::>. ~'r ,~ .. ; :: ~Sc 

po i~tlt s :3 U lines viiIl 1)8· 'l18e.d 8,3 n ?; Gcled., 7!h ich '{~7ill cons is t of 
so r:-,e old pipe that is 21r22.dy in plG.ce c.nd 400 to 500 f eet of 
nar; pipo Dnirll has just b::-;en !)U?Ch3,sed. 8.nd delive::,'ed. 

'1'':." '11.11 , '1 . '" 1 ; on '" .f' .,. ..1 '''''''' -::- t ~ ... ,"" ". , ",.. n , , "" _ ~.C _'->. p_pt;; __ .. l~ ... 0 ... ,,,0"',,0 .;....., V'~,. vcr 10_ c,~mp u~e 

h.::.s hf~en pIc.ced in service; some of the surface lin'3s !'equired 
=enewal but no~ appear to be in qtiite good condition. The water 
for this sYEtem is taken from unCe~Ground springs in e nOB-mineral 
a.rea ~nc. is not cont~mina.ted in o.r'.,y way by the v:ater f'lo'?;ing from 
tJle !~1rti~ 1ivorkinr;s. 

'o j ' ',.' 
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CONSULTING MINING AND INDUSTRIAL ENGINEER 

315 WEST FIFTH ST •• LOS A.NGELES 13. CA.LIF. 

Dr. E. W. ~2tson, 
Pl''''C1 \···o ·'''' ''' ',:1n""0 L"c _ ...... .L , ~! .:.t.l.I ... .. ... _C) J.J.., 

Hilltop Uin2s, 
Portal, Ari:-Z:0Us.. 

De8.r Dr. Viatson: 

During the period of ~~rch 
Hillto7.> ~:ro'oBrties on 'a rou"t'i-rrz t:.;:·i"-o 
at the · prop·erties ti.12.t VTas discussed 
20th, 1949, representing an interv.9.l 

1~arch 18, 19<::9. 

(Progress Report #2.) 

7 ·, t 1 - +, ' - t +' ~n .0 ~~~n, 1 was a ~ne 

'to iollm'J '1..1.'0 tne ~ori:: 
in r::.y l'eport of J2.1'lUar'y 
of some two ii:onths. 

Exceptionally SEvere uintcr TIeather conditions during 
F'ebru,;.ry interfered s,sI'iouslY7.'i t1; all outside -r.ol'k f01' a tili,e, 
even to the extent of block ins La. in 1:.ii.;'117J2.Y8 in the valley c:reas 
cnd. along the l'e.ilrortds <'l.t both San Simon cnd Rodeo. 'fn<lt this 
81 tua tioD was e:'{ceptional is evider~t by the :fact that the total 
precipitation,Es rain and snow, is said to h~ve exceeded t hat 
of the previous f1 ire years combined. ReA.scna.bly good weather 
has prevailed in rarch to date. 

Since the previous report, essentially all of the 
exis tine; workings of the lower, or HerEJ tunnel hewe n'J'7! been 
cleared, drained and !!"..::"~de rea.dy fof inspection and for use. 
':":inor caving had ' occurred at SO'":te poin t:3 during the 20 yeaxs 
S ;nc·,=> roe'l"~ous 7-"""k ',pri 1)"''''' ..... 0..)0 1'9 , .... ,,+ on",· 1'::; 0"" 1~ ""; r:' '"'o'\'' ..... ....... .::J _J.. dVJ,. J. ....... ... \..:. '-"\ .... 1. ). _ ... , iJ '..4.V .... .J.y _~o. _ *-" V_.U~_I:_ ' ''' 

tunnel sets were required to recondi tiO?l D.ueT safegua.rd l.~ i:l iles, 
~'lhich is a rn.tcer r·e ::lf:.rkf.:.bly :;;ood 8i tuation. Inspectio:C1 of tl""e 
t'7JO vert ical l':1.izes nee.? the im1e1' end of the Reh .. ~l, which ex­
tend D.p into the 1110. 3 Olae ZOile, 8110"":78 trl:tt t~l.er:::e ~()l"ltinf:~s c·re 
in ::pod condition ezcept for W:::ter cO:;"J.trol Cone. can soon -08 111:.a.e 
l'ec:.dy fo).:- use. 

111'1'" ••..• ,1"- 0'" 1 ~'!'ir~ '?"l~.- ';: 11(';0 ';~~'<o>~ • . ..,.;:- L,-if "",~,~t;> ... +'(';_'7" CO·,i.el.". ~'I"'~~ed .L~ v ~'V"'~ ...lo, .I.. .~ ... -. ..... -==\ _, \....- ..., ..-\; .; \.:. v ....,J_ ... .,:..'.J..1:'0...#''''' ..,. __ _ 

air was nearly co:~leted two mont~8 ago but 00 me of it had to be 
re70rked because of having dev810ped nir leaks. It is now in 
r ," ' ':.-,..... e .\ . - ..... :: r~ ..; J ... :' ....... , ~ 0,.- f.... ';".~ ,... .1 ,.,.co ~ If .,. • ..,....,~ ,... 'T. 0 boaa. I3H .~p. ",n <',. .. ~ . .L v ... on,~..L v, \J;.)-'; ... ':- '" G ' ... .1.;) 911)";' nas no'.",' oc:cn 
laid o~tcndinB out to the No. 1 orc r a ise ~nd out near ~~rkin~ 
facos in the northwest aT~ of t~s R2hrn ~orkinga. Frau t hese 
pOints 2 u lines vIilJ.. !)e. llse.d as n0c::le ~5. , 74Thich vlill consist of 
so r:le old pipe tha.t is 2;.lrG2.dy in pl<,).ce t:nd 4CO -Co 500 f eet of 
neT7 pipe whim ha.s just b2en !)u?cl?'3.,sed 8,nd delivered. 

The l-±II piDe line for dO:·::Gstic v.'s.tcr for canTO use 
' .--.. ~ .. or. .,L .. h.?s been placed ~n serv~co; so me c:r: tne 8urrace lines I'equ~red 

.,..-~--~l "0"'" no-' ----e~'r .!.o b'" l··"· ~u·,·t·· ~ ..... . -.. 1'">' "·iJ-' m"~ '. t- ..... ..... ~a..!.t:::~wC;! • ..z.. ' · \.A.U _ ' ; .; C':'1.J1J ( ' J ln, ..... J,.;;" ~.~ ..... e oOvu. \"':·OTIu .. ",lon. ~n~ VTf .. ' t:. 

for this sy~tem is taken from un/.~e ::'~G:L'cm:"1d 8prings in e. non-mineral 
area r:,nc. is not cont2.minated in ar'.Y way by the vri?. tel' f'lo>::ing from · 
the l~lrii~ 1i\;orkinr;s. 
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Generally the flow of water from the Rehm tunnel is 
on the incl'cace, partly bec'-·use of better dra.innge broUfsht about 
by thE: r'orl\. that has been done 2nd partly bectlJ~se of the heRvy 
pl'ecipitation during recent months. \'iatel~ in ar.:ple qU2_!1tity 
is now aV;:1.il[~ble for the opel'ation of the jig plant that has 
been placed at the foot of the Rehm dump. 

Elec'iil'lclilotol:e have 'bsen p:rovided rOT the d.riving of 
t}-:-:: t,,:o j ir;s Ct!ld accessory appaTC',tu6 at this mi.Ll.ing pl?nt and 
the::; e vrel'e being ins -Galled during my vis it. To drive these 
motors and to fUr'nish powe:r 1'01' lighting and for shop n,=:eds, 
a 25 k.w. diesel electric generating unit has been purchased 
and installed in the main pc~c:r house buildin~. This i8 every 
good unit; it ~ill be :ready to run in a few days, as soon as 
the wire lines CB.n be run iron the pi1"> in buildinG to t\'l8 nill. 

Considcl';1.bleore of V21'ious kinds and grades has been 
ac::u;vulated. at tile Rehra duml'J 2.he,:'!.ct of this tlilling plant which 
can noW be. run throu.gh foI' )i\8t2.11ur~;;i 011 test ing and for pro­
duction of co~rse jig concentrate, which will likely be of direct 
shipping grade a.s a rousher concsntra te. liJhc~t degree of sep­
ar~tion betw'een le·F'..d and zinc 1'liner2.ls can be accomplishecl in 
this jigging pla.nt remains to be seen, e"S we do not yet have 
sufficient data upon which to 'o28e an E'stimc.te of results. 

Weather condit ions prevE:-clte5 the moving- of the large 
air compressor and the 300 h.p. electric generatin6 pla~t that 
was purchased a cou}Jle of man t;ts 2_:;;0; hOWever ~ 2.rranzements for 
this "ork are nov! being made. :··.n ~.:1(Ji tj.on=:l truck of the 4-wh,:el 
panel body tY:06 was purchased :::;d placed in use at the properties 
during the I)ast month .. 

The old pODde? house ne2T the Rehm portal h~s now been 
recondi tionecl nncl bl'OU,")lt into Teqn:i.:ced, st2.ndc_rd use for storf'_ge 
of explosives and nUDsrous other 8uriac~ jobs have been co~)lated. 
TheSe jobs) in 2.dd i ttOl1 to the lilyj.ng ?nd rel2:.ying or rebuilding 
of much Lline -era.ck in tl-!'2 v'O:c}:i:1gS h2.ve a7Jounted to 2,n cnorn:ous 
~Fllount of c.etail ;:Tork, neC22Si}.I'j "out tl'Gubl~so::: e because of the 
time and attention involved. 

Du:ring this recent inspect ion tOlU',· it W.?,.S pas 8ible 
to give closer attention to the n;ining p:ro f, rH!i, on and above the 
exis t ing Rehu v:orkings and the Lls thods l'cc.uired to reach the 
ores in the levels above. It licd not been possible to begin the 
work recommended in my l2st :report, for raiSing from near point 
·/;Ll15 as shovm on the r::a.in maps ~ to conne ct 151 i th the Gray level 
in the Ho •. I ore zone~ but piping ::.nd preliminary work has been 
COfnpleted to this end. As an alternative to this, consideration 
':fe.S and is beirlg g:i.ven to a. proposed r2, i~.e from a point known 
as liD") some'nhat farther in on the northwest a 1'1:"1 of the lPorkings 
T,"lhere ore is in sight for ,~ dist2.nce. of some 100 feet along the 
drift and \.~heI'e it is thought pO~-lsibly a. quicker connect ion to 
the Gray level might be acconmlished. ~h ile I prefer the original 
plan, it seemed best to do SOine p:reliminary work a.t point "DII 
to break into known ore and see what the exact situation is. 
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Generally the flow of water from the Rehm tunnel is 
on the incl'ease, pe.rtly bec'-·u.se of better dra.in~ge broufsht about 
by thE: \'iork that has been done 2nd pa.rtly bec\1i:E.se of the heavy 
precipitEttion durintS recent months. \~rate:r in ar:1ple QU2_ntity 
is no Vi avail[~ble for the opera ti on 01' the jig plant 'chat has 
been placed at the foot of the Rehm dump. 

Eleci;r:i.cnloto:cs have "bEen p::covicled for the driving of 
t1:~ t~:;o j ip;s C',nd 2:..ccessory appr::.J'ptu8 at this mLLl.ing plcmt and 
the:-.;e V7E;I'e 1jeinf~ installed eluxing my visit. To drive these 
motors and to furnish powex fox lighting and for shop needs, 
a 25 k.w. diesel electric generating unit has been purch&sed 
and installed in the main pc~cr house buildin~. This i8 a very 
good unit; it ~ill be ready to run in a few days, as soon as 
the wire lines can be run fron the p~ in building to the nill. 

Considel'ar)le are of val'ious kinds and graC.l.es nas been 
ac; :u;flulated. at the Rehm dump 2~he,~d of this ;-:1i111ng pla!1t which 
can noW be. run thl'ough for li1et2.11urgio),1 testing cmcl for pro­
duction of co~rse jig concentr&te, which will likely be of direct 
shipping grade as a rougher concentrate. What degree of sep­
arc.tion between le2.o. and zinc P1iner2,ls can be accomplisi.1scl in 
this jigging pla.nt remains ':GO be seen, 8.,8 we do not yet have 
sufficient data upon . which to bE:se a.n es ti!ll2.te of results. 

Weather conditions prevented the moving of the large 
air compressor ,;na. the 300 h.p. electric gener2.t1ng pla:'1t "'Ghat 
was purchased a couple of mon~hs 2~O; however~ arranzements for 
this -r:ork are nov, being made. :··.n 8.jrJitj.on:::l trucl: of the 4-'!',rLl,:el 
panel body ty:.)e was purchased :.l~d pl:,:wed in use at the properties 
durinf! the r)as'~ month. 

'-' -
The old ponda::::' iLOUS8 ne2.1' t"h.e Rehm Dortal h~s nOVI been 

reconditioned ancl orou:,;ht into ret1u~.:("ed, st2nd~rd use lor storF~ge 
of explosives and nUf:12.TOUS other 8ur:f8.cc jobs ha.ve been cO :Tc)lated. 
TheSe jobs, in ad.di tj.on to -ehe In.ytng <::mel rel2.ying or rebuilding 
01' rrl"_lch uine -crnck in tl-!8 v'O:.c}:L1SS h2ve ar;:ounted to c;,ncnorn;ous 
amount of deta il work, nec22sary but traubl~60 :: e because of the 
tiEie .and ~~ttention involved. 

During this recent inspection tour, it W;::s possible 
to give closer attention to the mining program on and above the 
existing Rehu ~orkings and the ne thods xe~uired to reach the 
ores in the levels above. It h2cl not been po~sible to begin the 
'i!oJ.~k xecommended in my If:.s t xep:n"t, 1'01' rais i ng from near point 
·//115 as shovm on the t:.ain maps, to connect with the Gray level 
in the Ho. lore zone, but piping 2nd. pI'eliminary work has been 
COl"flpleted to this end. As an 2lternative to this, consideration 
W2.S a.nd is being gj.ven to a proposed rc;, ise from a point known 
as liD", some'f'hat farther in on the nortlri'Yest arm of t he workings 
V"lhere ore is in sight for (~ dist2.DCe of some 100 feet along the 
drift and '1!Jncre it is thought possibly a quicker connection to 
the Gray level might be accomolished. ~hile I prefer the original 
plan, it seem.ed best to do some p::celiminary work a.t point liD II 
to break into known ore and see what the exact situation is. 
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In this connection, it is well to bear in mind that 
all existing faces and walls of the Reh~ workings have been 
exposed for 20 to 23 year's and pcLrtly under water B.t t im8s • 

. Thus it is difficult to distinguish are zones) fOl't:12.tions or 
t ypicc,l :.cock s trllctures without considerable t h:ie and "!iork 
to fresben up ole: faces. The i2 being gradually ~!o;cked out. 

The far haadille; o:? 'she :1ortl1"?!t~st arm of the Rehm 
n ",,,,-(" -'-'1'1;',-,;- lI',i'ti 'n~~, C' ;P"'1t 'oe",,:n c1p::>"10"; all"" l'n ""'lC'h ""'''''nn.o- +h"'';' .V ,_,_ ,l,v-.... ;..,J -;.I __ .... :,,_ t,j"-'"-_ .......... _ . .,.i ... . , ............ ...,i. v .. iJ •. O\... -i£. 1.'1; ... -oj J. VI.. c../,.v 

ti.1.>3 OI'e zone G t the.. t point could be e:canined and sar:lpled. The 
sho7'rinS is f~1.li te i~ood; do no t ha.ve Ci.2say :cesul ts a.s yet; after 
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would l'ecommend the extens ion of these 17o:rl:ings from co-ordina tee 
25-43 to 2&"42, south':,6sterly c:t'cut 100 feet but follo;Jin:3: ore . 

. Th is will furnish some nro(~uc tion and. 'I'."i11 be iL:uol't2..nt in 
certain Beolosical anal~sis work. • 

There are three jobs t£lR.t are of pfl.rar:10unt t~:lp()rtcmce 
in the vicini ty of the Eo. 3 o:-::'e zone at the Gnd of the main 
Rehm crosscut adit. These can be carried on sil~ltaneously if 
men are available: . 

1. The Elain heading should be extended streight ahead for 8. dis­
tance of about 400 feet, or until the o'\.Terlying blanket ore­
str'..lctul~e is exposed and cut through to the hanging wall. L~inor 
cross faulting may bring this ore into the !TIs,in adit so:~!e':"Il:l?_t 
less than 400 feet from the present fc-vce. This is very iLij-)ortant 

•. 1- • "11 1" kol- -~ ""·f ,'1 - '1' ~ ~ - •.•. 'Y'kr' - M ' .... ... .....!:' 1 0"8 ""1 -as ~u VJ ~ ~_ ... y Co.L._OIC. Co •• J.c".l.!J. :, O ... _.~11o l_Olll ... .l.or arb sc,c~ e 
and economical mining in the near future. 

2. Ore raise No.1 needs minor ~ork, ladder repair and some means 
of o.i verting ground we. tel' to keep it 2.7ray :from ladders e.nd out 
of the ore bin sect ion of the raise. l'er;lpOl'arily, this r:?i:-~e 
will serve as an accees to good mill ore, but eventu~lly should 
~e used only ~o~ selentpd lll' ~~ OrQ~e u .. _ J.. _ t..,.; _ _0':""" .;:;) _,_", . ; 

3. Ore r2_i8e Po. 2 Elso needs laddd.e:r:' l'epair, "'72. ter diversion 
and a li ttle timber work. r:hen this is completed, teen the 
southerly face of the d~ift at the head of this l'<3.isesnould be 
extended southerly or southe3.sterly to a connection v-:i th the . 
existing workings in Ho. 1 1'8.ise. This is necess?ry for safety, 
for ventilation and as a means for getting at exposed ores at 
this paint. Until this connection is established, it will not 
be safe to begin actual stoping in either No.1 or No.2 raises. 
Approximately 60 feet of driving i2 necessary at this point. 
~08t of it, and probably all will be on ore. 

The whole situation in these mines hRS now reached the 
point where definite and careful consideration must be given to 
the ihstallation of a con~lete milling plant on the properties • . 
The YJork accol:lplisned dux'ing the past few months he,S quite de­
fini tely proven the former estim:::::,tes of 200~ 000 tons of avail­
able ore is conserva.tive and well founded. It will be possible 
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In this connection, it is well to bear in mind that 
all existing faces and walls of the Reh~ workings have been 
exposed for 20 to 23 yeaI's and partly under nater a.t t im8s. 
Thus it is difficult to distinguish Ore zones, fOl't12.tions or 
t voict'.l :L'ock s tructurco ~li thcut considerable t lr:ie and ~jo!'k to" f:cesnen up olel faces. The is being gr'aclually ::r:orked out. 

The far heading of th·:; :lortb::"est arm of the Rehm 
Tl r> ,""._" "",('\;"',+ W,i' ti "n;~C' ;,·qt 'oec,Y) cl PlOI,.,O':; on./.. ~n C"'lC'h r>'l<>nn"r ';"h.,+ __ _ l;I..,..:-J.._V _:J _ ....... _ t.J(.J. .~ ..... __ _ ._ . .... , ... _\.J__ ..... v .J.. • . O\,.. ~" .. ~Lt: .. '1"7.::. v! c-..:..v 

ti1e OI'e zone 2. t -ell.2- t '!Joint could be e:canined and sar:1'oled. The 
showin: is Quite sood1 do not have assay results as ~ct; after 
sO "~p ,vo,..'r .,.lo""'c· +1-;e '7onC'o .f'-rOiVl l"o;·"'t Ilt311 H')iI to 1I'q'if "'hen I ~h...... } " _"..... 0._ J,.J.t..J '1.,1 .. _ _ ... '-, ,.!",. _ 1" .. : 1 _,!.J,. J., J- !..:J, u! .! 

would recomil~nd the extension of these ~orkings from co-ordinates 
25-43 to 2~42, south~7esterly cltcut 100 feet but i'ollo;rin::, ore . 

. Th is Y-!ill flJ.I'nish some nroc:uc cion ani rrill be irr:nol'tant in 
certain Beolosical anal~sis ~ork. ~ 

There are three jobs that 2.:re of pe.raElount i~:lp()rtc..nce 
in the vicini ty of the No. 3 0::'02 zone at the end of the main ' 
Rehm crosscut adit. These can be carried on sil~ltaneously if 
men are available: . 

1. The r:la,in heading should be extended streight ahead for a. dis­
tance of about 400 feet, or until the overlying blanket ore­
str'J.cture is ex-posed and cut tnrous;h to the hanging wall. !;~inor 
cross raul ting may bring this ore into the ruB.in adi t so!~!e,:vlf? t 
less than 400 feet from the prGsent fc-vce. This is very imj-)oI'tant 
as i't will likely 'affol'a Co m.a.in ::~'orking point for large scale ' 
and economical mining in the near future. 

2. Ore raise No.1 needs minor work, ledder reuair and sorne means 
of 6i verting ground ii'ia tel~ to keep i t 2~~7ay fron; ladders c.nd out 
of the orc bin sect ion of the r2,i8e. 'l'er:1pora:rily, this !'2.ize 
will serve as an access to good nlill ore, but eventu?,lly should 
be used only for selected high 'Grade. 

3. Ore rEdse P'o. :3 also needs laddo.ex· I'spair, "72. tel' ai version 
and a. li ttle timber work. r;hen this is completed, t'h.en the 
southerly face of the drift at the head of this raise shoul:::, be 
extended southerly or southe3.sterly to a connection 1"'.'1 th the . 
exist.ing workings in Ho. 1 rcdse. This is necess8,ry for safety, 
for ventilation and as a means for getting at exposed ores at 
this pOint. Until this connection is established, it will not 
be safe to begin actual stoping in either No. 1 or No.2 raises. 
Approximately 60 feet of driving i2 necessary at this point. 
~08t of it, and probably all will be on ore. 

The whole situation in these mines hRS now reached the 
point where definite and ce.reful consideration must be given to 
the ihstallation of a con~lete milling plant on the properties. , 
The YJork accQl'!lplisned during the past few m.onths he.s quite de­
fini tely proven the former estim:::.tes of 800, 000 tons of avail­
able ore is conservative and well founded. It will be possible 
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and quite advisable to shi-p a few OD.rs of crude ore' direct to 
s;,,(;lters in the n8C',l" futul'e, but it L':LWt be fully rer':.lized that 

J crude 01'8 shinH:ents v,'ill ns';; les8 than half of the profit that 
C 1 ~).'" or'l-'~o..J b-.T ""i'11 -(' o<:! i~"'" 0-1..' J··h" .,.,""~o '-e L"1r~~'t'C' ou ... c. 0", r',C,_~I.,.t..;. .J HI _ p_oc' . ...,S_Ub .L t ••• '" v , .••• ~ 02. l .. E.,,~.)e, 

it is UYl8c0TJ.onicp,,1 to ;~:Gt8 171lJt to extr2.ct specia.lly selected, 
hi?;ller C1'8J::C ores for direct shiprJ,ent unless and until the mill":' 
gr<:6,8 al'e C2.n be t~J·:en <-1 t the SaGe ti r',e fI'O!ll the sa.me locnt ions. 

Ml'~" -~""""'"'~'lt -··'·-l.·TI'7' D-l.-'~.L. "'-':-L' -~~ve --e""" -'ell .00 1' a iJ.~ }J..f.. ,,:, ~G.l. J .l..r~:.:.. 10 ... ..-~_l V· .. .' J.. .. .J.... tj'C J. V J. Y I:~' _ J. 

bri '::i ti:::e, but thip. plant will not C'.nd C~Jl not be expected to 
rn,;,.~<:t; a rti~:~ll E:xtYc}.,ction o:c a. 2?.tis:[actor~r senFtrF:.. tion of f(linerals. 
L ;ir . ,,~"'" -'- ,::v" no.j. -'- '"' C'ur-' +'1<>t +1--- 0' "",.."'ti n -f' ~'he Lorr'lC'b r~' __ \.e !·. l .. _e, 1 (, ..... ~ ..... v IJD,,-, 10._' .. t .... u.!.._. ·.. v ~ .:.c .P'--... _ .. ..t. _0 0 ... ,I .... '- .. ;, U >,.':".; 

mill fer <1 :fi:~lishing separcd;ion plant rill prove to be pro:fi ta.ble, 
. - 1 ' h " t /-' 1" th " . 1" or vrl.L_ snOi7 enouL; lfflprove men, over '"no "7TOl',: or , e J lf~-roug 11l1g 

plnnt to jURtify the expense of retreating nt Lordsbur~.It will 
of courr;e sc-;rve i ts ol'i?;~n2.1 pUl.'pOSO of Tor1:in;;: out n:et2.1Iurr:;ical 
probl03!::S cH',:5. furnish SOE',e COl'!llTlcrcial product for a t:i.:~'lC, but it 
will. not r~p12.ce o:r. ?bYi2.te the necef:lsit~ of' h,::wing ~ com?le~e 
plan~ on tne propert1es. At least that 16 my present ena~y81s 
of tl;.c subj Gct un til IWJ'e data are <?vo.ilable. 

In the me8.n't~::'e, 80 'i:6 prelimina.ry flotation concentra.tion 
te sts :'iacle in the 'l\}l'ry lanoxa tory h?ve sho7m quite well Jlihat we 
can crCect all excellent X8COV8XY of all e.ul'Ohide !:1inerals and . . ,~ 

a \!f;l~y in.il' separation into sever21 products, but the pork ('),lso 
8110''';8 a_ :re(:1sona~ly Good.extra~tion OJ." the ,lead .?2.rbonf'~te p;nc!. . 
lead sU~Dhate mlnerals !ound ~n 5052 conslderable uroDortlon 
in thE: principal ore zones. This ';,:c.r]c shoul d be cont'inued on 
a systemc,tic bo.sis, as B,n "ei d tc. ul t imate ); ', i11 (lesl,;;D ~,lthou~~h 
I do not anticioatG any 1'89.1 se:~iOU3 iy;et2,11ur ;:~':ic8.1 di:i:'i'icul ties. 

. '- -

.'I'2..ken as a ~bole, I am v2ry f[:uch impre 2.sec. with the 
progress tha.t h;:w been r:.;::,c1e in the p ork durj,r.g the past four 
winter months, accom~') lished undeI' diLficult conditions c;.nd Pet 
a very conSiderable personal risk to y6urself and your men. 
That these rosul ts h2 ve been acco!'!l:;lished "';; i ti10U t injury to 

anyone is Forth;- of speOi::u::,,::::a :':::.;·~~~'i .. ,:, ... '1~· · (J;/~~( 
,,---- -", Y I ~' I 
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and cui te advisable to ehi-:> a few C2.1'8 of crude ore' direct to 
8 :<1<::1 tere in the n8c,T ~utuI'e) but it i:1..18 t 1)e fully re 1":..1 1 zed that ' 

. ;~ crud8 01'8 shinments will ns'c les8 th:-:.n half of the UI'ofi'c that 
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it is nnec()!"J.onicp"l to attempt to extr2.ct specially selected, 
hi:;:;ller STacc ores for direct shiprJ;ent unless and until the mill":' 
g:r<:6,8 ,::;r'c C2.n be t~~ken f1. t the S3f;',e ti:::e iI'OlLl tbe so,me locnt ions. 

The pre sent j iCCing pl~;.nt ,,:,rill serve very 'V\~ell for a 
bl>i(~f ti ::K~, but this plant will not C',nd CD,;'} not be expected to 
rn,~~e a :t~i=::ll 8xt!"cl.,ction o~r: a. 2a.tis:t'actory Sepf.lrF~ tion of r;1iner2.1s. 
Like':7ise, I E,:-:l not too sure tlL-'.t t::e ope r::J.tion of the Lordsbur;-:: 
mill fer a fin.ishing separation plant rill prove to be profitable, 

·-1 ' h . t ' 1 ~ h" •. ' or \".'11._ snOi7 enou~-; Hfl'prov8:Y:en, over tDe ~ior,: or t e J lf~-rouglllng 
plant to ju~tify the expense of retreating nt Lordsbur;. It will 
of cou:r:-r:e serve its ol'ir;in2.1 plU'pOSC of 'Tor1:ins out n:et2.llul'f;ical 
probl03!::S "_n6 fu:rnish sor,le cOlYlmercial product for a t:i.~~'l8, but it 
will not rep12.ce or obvi2.te the necessity of h.:lving a complete 
plant on the, p1'opertie s • At l2Ci.st th8, t is my present e.nCl.1Y8is 
of tb,e subjGct untIl more data nre e.vailable. 

In the meanti:~ :e, 80':-:9 nrelimino>I'v flotation concentra,tion 
tests ::iaoe in the '1'8r·1'Y laboratory h2.ve sho7m quite well that we 
can eXfect aa excellent recov8xy of all e,ulph1de r:1inerals and 
a vcry i3,il' separation into sever?l products, but the ;'701'1:: ('),lso 
S110,\;8 a rc(-':tsonably r~ood extraction oj:' the lead cC1,rbonf~te 2nd ' 
lead sulphate minerals found in SO~2 considerable proportion 
in the principal aTe zones. This , ;c.r1c should. be continued on 
a systemc.tic be,sis, <'l.S C.n c:. id to ultim2.tc T: :il1 (ie~:d'i;n t:.lthou~~h 
I do not al'lticipate any rc.:::.l ze::-iOU3 1:.et2,llurgic8.1 di:i:'ficul ties. 

,'fake:- as a 1.7hole ~ ~ am, vpry ::;uch ~mpre ssec. ~,"'i th the 
progress that n;:::,s been ~>,8, c1c ln tne por l;: dUTJrcg the p2.st four 
winter months, accom;)lished un6er cli~~·.ficult conditions 2.nd ftt 

a very considerable personal risk to y6urself and your men. 
That these rC2ul ts h2 VB been ~l.CCO!!l:ili shed "';; i t110u t injury to 
anyone is Forthy of specia.l cO:lm:endation., . .,) 

Your3 very t:~:,tRI cr cffwC4 
tZSUl t ins ;,~ining 2ngineer. 
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FRANK R. WICKS 

CONSUl.TING MINING AND INDUSTRIAl. ENGINEER 

315 WEST FIFTH ST., LOS ANGELES 13. CALIF. 

April 20, 1949. 

Dr. , E. \',;. Y:atson, 
Piedmont Mines Inc., 
Hilltop ~,;1ines, 
Portal, Arizona. 

(Progress Report #3.) 

Dear Dr. Watson: 

For record purposes, this letter is suomi tted as a 
review of my observations and our mutual discussions during 
my most recent visit with you at the Hilltop properties, 
during the period of April 11th to the morning of April 14th. 

'rhere are as yet no new dev,,;lopm.ents tha.lG would tend 
in any \".[o.y to modify the various suggestions and recommendations 
embodied in my previous progress reports, and thus it is not 
necessary to review these. 

Essentially all piping for cOl'npressed air supply in 
the Hehm workings is nOD in pl2.ce to the headings where immediate 
work is conternplated, except that which will ul t ima tely serve 
the No. 1 main raise ane. the rr.a.in adi t heading. This port ion is 
partly in place but not yet connected for use. 

lJo actual mininG h2.s been done during the interval 
since my previous visit, because the original air cornpressor 
ava.ile,ble for this pur~cose took fire and :oart ially burned when 
placed in service. Im:nedia tely ;;!-fter this occurrance, a sub- ' 
stitute air compressor was located, b:rought in and installed 
in the ~4in shop building, and this was about ready for use 
last week. This unit is an old type straight line Diesel driven, 
pla. tG valve sir,-gle cylinder corrrpressor capable of furnishing air 
for about four ti.1achine drills, and when adjusted properly, it 
should serve for all necessary purposes until the larger unit 
can be set up. Old type con~re8sors like this one may not be 
quite so economical on fuel, but they are much less trouble 
to maintain because of relatively slow speed and hec.vy build. 

Substan tia,lly all of the parts have now be en delivered ' 
to the property for the large t7!O cyl inder air compre ::J SOl' and the 
300 h.p. DieSel electric plant refel'red to in my previous reports. 
These u..Ylits were so he2.vy as to require dismantling for trans­
portation. It will take at least two months to place foundations 
and reassemble the equipment for use. In the meanti~eJ mining 
work can proceed without delay. 

, It was decided to i:10Ve the 25 k . w. semiportab1e 
Diesel electric generating unit, mentioned in the previous 
report, over to the jig-milling plant for greater operating 
convenience while, mill tests are underway J and this has been done. , 

The jig-mill a.nd C,i,ccessory equipment has been in 
operation intermittantly. .C:g.:q.~:rs;es in jig speeds, screens and 
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Dr., E. W. V:atson, 
Piedmont Mines Inc., 
fUll top !;fines, 
Portal, Arizona. 

(Progress Report #3.) 

Dear Dr. Watson: 

For record purposes, this letter is suomi tted as a 
review of my observations and OUI' mutual discussions during 
my most recent visit 'with you at the Hilltop properties, 
during the period of April 11th to the morning of April 14th. 

There are as yet no ne"''V clev,:~lopm.en ts tha.lG would tend 
in any \vay to modify the various suggestions and recommendations 
embodied in my previous p!'ogress reports, and thus it is not 
necessary to review these. 

Essentially all piping for co n~ressed air supply in 
the Hehm workings is nOl-J in place to the hee_dings where immedia.te 
work is contemplated, except that which 'N ill ul t imately serve 
the No. 1 main raise anG. the rr'.ain adi t heading. 'I'his port ion is 
partly in place but not yet connected for use. 

No actual l''.i1inil1E; h ::I. s been done dUl'ing the interval 
since my nreviouG visi -1;, bec(~u8e the ol'io;in0.l ail' cOnJuressor 
a va.ilable ~ for this purpose took fil'e and~ pal't ially burned when 
placed in service. I m:nediately after this occurrance, a sub- · 
sti tute air compressor !'TaS located, bl'ought in and installed 
in the wain shop building, and this was about ready for use 
last week. This unit is an old type straight line Diesel driven, 
plate valve sip.gle cylinder co rnpressor capable of furnishing air 
for about four fll8,chine drillS, and ';:ihen adjusted properly, it 
should serve for all necessary purposes until the larger unit 
can be set up. Old type co~~re8sors like this one m~y not be 
qui te so economical on fuel, but t'n.ey are much less trouble 
to m<=dntain because of relatively slow speed and heE.vy build. 

Substantially all of the parts have now been delivered 
to the property for t he large t7l0 cylinder air compre:!)sor and the 
300 h.p. Diesel electric plant referred to in my previous reports. 
These u..Ylits were so hea.v"Y as to require dismantling for trans­
portation. It will take at least two months to place foundations 
and reassemble the equipment for use. In the meant ime J mining 
work can proceed without delay. 

. It was decided to l:Ctove the 25 k . w. semiportable 
Diesel elect:ric generating unit, !2:entioned in the previous 
report, over to the jig-milling plant for greater operating 
convenience while mill tests are underway, a.nd this has been done • . 

The jig-mill a.nd a,ccessory equipment has been in 
operation intermi ttantly. .C4l:Q..~;es in jig, speeds, screens and 
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the like were necessary as night be expected during test n-ork. -
Samples of products from the mill h2.ve been- submi tted for anal­
ysis~ This plant is now ready to run. I suggest that the first 
shipments be made direct to the smelter without further mill 
treatment, at least one or two carloads in order to,definitely 
determine what net returns can be obt2..ined in that manner, be­
fore expending any considerable amount of n:oney for regrind and 
flotation finish concentration. 

In co~~ection with the latter problem, it might be 
well to look into the possibility of running some flotation 
tests on both ore and jig plant concentrate at a custom mill 
t h t . t . t T ' . t r,· -- m' t 1 .... la 18 now opera lng a omos one, ~rlzona. lna p an~ 1S 
now treating lead-zinc ores and is equipped for selective 
flotation, as well as being able to receive and grind crude 
ore. Tests there would h3.ve to be made in lots of not less 
than 150 tons and would reQuire complete clelmout of tanks 
and bins before and after test r-uns and would require a truck 
haul of some 70 miles from Hilltop to the mill, but even so, 
it might be worth considering in lieu of pr-eparing the Lords­
burg plant, as originally pr-oposed. T11is Tombstone plant has 
been equipped for some t:.1onths but has not heretofore been 
available for such test work. 

Also, I suggest that investigation be made as to the 
proposed custom milling plant which I unce:rstand is to be in­
stalled at or near Deming, New Mexico, by the A.S.&R.Co., on 
which work is expected to start shor-tly. If the preliminary, 
information is correct, this might obviate the necessity of 
any milling at Hilltop. I was unable to get any information 
as to type of eqUipment pr-oposed for that plant or the terms 
upon which custom ores would be taken. A:n a.dvised that all 
such information will be llictde a.vaila.ble soon and may then be 
obtained either at the smelter plant at El Paso or at the Ore 
Purchasing office at Tucson. 

Before this information came to me, I made a study 
during this last trip, concerning a plan for lo<!ating a mill­
ing plant on avery suitable site on the Hilltop properties, 
in a canyon immediately northwest of the por-tal of the Rehm 
workings. If a large andper~~nent plant is found to be re­
quired on the property, then this proposed location seems 
best for many reasons, even though it would involve the driving 
of a 350 ft. tunnel through the hill, fr-om a point near the 
present Rehm ore bin to the new mill site. 

This suggested plan would place the new plant entirely 
out of the way of waste du!~ storage at the Rehm portal; it would 
make possible the continued opcratiam of the temporary jig mill 
for dur.ap ores; it would facili ta te ta.iling disposal and water 
recovery if such should be needed, with many other advantages. 
It would add about 500 feet to the ore haulage distance, as · 
com'pared with a site near the portal of the Rehm tunnel, but this 
is not a serious matter as compared with the distances otherwise 
involved. Careful consideration of the plan is recommended. 
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the like were necessary as night be expected during test ITork. -
Samples of products from the mill h2.ve been -submi tted for anal­
ysis~ This plant is now ready to run. I suggest that the first 
shipments be made direct to the smelter without further mill 
treatment, at least one or two carloads in order to , definitely 
determine what net returns . can be obt2..ined in that manner, be­
fore expending any considerable amount of n:oney for regrind and 
flotation finish concentration. 

In cor~~ection with the latter problem, it might be 
well to look into the possibility of running some flotation 
tests on both ore and jig plant concentrate at a custom mill 
t h t . t . t T ' . .J.. Ii. · -- m' t 1 .... la lS now opera lng a omos~o ~ e, ~rlzona. lna p an~ 1S 
now treating lead-zinc ores and is equipped for selective 
flotation, as well as being able to receive a.nd grind crude 
ore. Tests there would n3.ve to be made in lots of not less 
than 150 tons and would reQuire complete cleImout of tanks 
and bins before and after test runs and would reauire a truck 
haul of some 70 miles from Hilltop to the mill, ~ut even so, 
it might be worth considering in lieu of preparing the Lords­
burg plant, as originally proposed. This Tombstone plant has 
been equipped for some rJonths but has not heretofore been 
available for such test work • . 

Also, I suggest that investigation be made as to the 
proposed custom milling plant which I unce:rstand is to be in­
stalled at or near Deming, New hexico, by the A.S.&R.Co., on 
which work is expected to s tart shortly. If the preliminary, 
information is correct, this might obviate the necessity of 
any milling at Hilltop. I was unable to get any information 
as to type of eqUipment proposed for that plant or the terms 
upon which custom ores would be taken. A:n a.dvised that all 
such informa.tion will be mctde a.va ila.ble soon and may then be 
obtained either at the smelter plant at El Paso or at the Ore 
Purchasing office at Tucson. 

Before this information came to me, I made a study 
during this last trip, concerning a plan for locating a mill­
ing plant on avery suitable site on the Hilltop properties, 
in a canyon immediately northwest of the portal of the Rehm 
workings. If a large andper~4nent plant is found to be re­
quired on the property, then this proposed location seems 
best for many reasons, even though it vould involve the driving 
of a 350 ft. tunnel through the hill, from a point nea.r the 
present Rehm ore bin to the new mill site. 

This suggested plan would place the new plant entirely 
out of the way of waste du!~ storage at the Rehm portal; it would 
make possible the continued opcratiam of the temporary jig mill 
for durnp ores; it would facili ta te ta.iling disposal and water -' 
recovexy if such should be needed, with many other advantages • • 
It would add about 500 feet to the ore haulage distance, as · 
com'pared with a site near the portal of the Rehm tunnel, but this 
is not a serious matter as comoared with the distances otherwise 
involved. Careful consideration of the plan is recommended. ; . 

(2) 
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Co incident \"li th the study of the tunnel work rec;uired 
to reach the proposed mill site, some data on surface geology 
became available for future use in the study of region::tl fault 
Ino~elilents which will be of great iD1pol'tance in due time. The 
proposed ore-haulage tunnel may quite likely cut through an ore 
zone that is related to the ,zones knm7n in the upper workings 
on the Hilltop property, but upon which very little work has 
as yet been done at lower horizons comparable to the elevation 
of the Rehm tunnel. The s trike of this pos 3i 'ole' ore becvring 
structure places it entirelynorth of the ground penetrated by 
any of the Rehm Vlorkings, a.nd while the immediate ,problem is not 
one of developing additional ores or ore zones, this situation 
is well worth serious consideration on a long range basis. 

In connection i'l i th this general investigation, we had 
intended to further explore ore showings in the northwesterly 
portions of the Grey tum1el, but found t hat a s[;l2.ll cave-in had 
closed the Grey at a point about 1400 ft. fro m the portal, where 
three sets of old timbers had fallen. This is not too serious 
as the timbers can be replaced when convenient. 

A small cave e.lso occurred at the east portal of the 
Blacksmith tunnel) similar to the one that came do~vn quring the 
previous winter and which lvas only partially cleared at that time. 
However, the new cave has exposed a sizable ai'r:ount of good ore 
at the surface that is noW' in view and adjacent to very old work­
ings about which very little is now known. This is not of great 
importance at this time, but will be of use eventually after the 
proposed raises underground reach the upper workings. 

The whole property is non at the crucial stage, at 
the beginning of production when the i mmediate problems be­
come those of are processing and ITl.arketing. The long pxogram 
of underground preparation and underground equipment and mine 
planning has been accomplished and fox the most part completed. 
The beneficial results of this work Shl' , Id soon be" come quite 
apparent to all. . . ,t : .~ 

YOU,rs '"!.!:, r'i~%., ly, , ' ,~//,/' -=J .. ' ,f . 
( / r; ~ ' i / //~ / 

/"" , ' . {/ / / . 
" ~/ '-t;;ft ' ~ ~~ ~:-CCl6;'sfIkJ<£ minlllg engineor. 
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Coincident with the study of the tunnel work re::;uired 
to reach the proposed mill site, some data on surface geology 
becawe available for future use in the study of region~l fault 
mo~ements which will be of great impol'tance in due time. The 
proposed ore-haulage tunnel may quite likely cut through an ore 
zone tha t is related to the zone s kno':Jll in the upper rJOrldngs 
on the Hilltop property, but upon which very little work has 
as yet been done at lower horizons comparable to the elevation 
of the Rehm tunnel. The s txike of this pos 3i ble' ore bectring 
structure places it entirelynorth of the ground penetrated by 
any of the Rehm Vlorkings, and YThile the immediate .problem is not 
one of developing additional ores or are zones, this situation 
is well worth serious consideration on a long range basis. 

In connection vTi th this general investigation, "ie had 
intended to further explore ore shOwings in the northwesterly 
po rt ions of the Grey tum"lel, but found that a s n1?.ll cave-in had 
closed the Grey at a point about 1400 ft. from the portal, where 
three sets of old timbers had fa.llen. This is not too serious 
as the timbers can be replaced when convenient. 

A small cave elso occurred at the east portal of the 
Blacksmith tunnel) similar to the one that came d01\Tn qurin-f; the 
previous winter and which lvas only part;ially cleared at that time. 
However, the new cave has exposed a sizable a~ount of good are 
at the surface that is now in view and ad.jacent to very old work­
ings about which very Ii ttle is nO".'J know-n. This is not of great 
importance at this time, but will be of use eventually after the 
proposed raises und.erground reach the upper workings. 

The whole property is no~ at the crucial stage, at 
the beginning of production when the i mmediate problems be­
come those of ore processing and market ing. The long pl"ogram 
of' underground preparat ion and unde:rground equipment and mine 
planning has been accomplished and for the roost part completed. 
The beneficial results of this ~ork S.ht, , ld soon b .. e. come quite 
apparent to all. . /; • 

You.rs !!:r~ .. (~ ~=: 1y, .. ·.,/1 -; I 
(~/~{/~~U -.· J(,ns~,; mlnmg engineer. 

- ~ . . . \ . 
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To: 

From: 
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, 

Septe~be~ 27, 1950 

The .American Z:.nc, L.aZocl, sD.d S;nolting Compa.YlY 
Paul Ero!m Buil(linG 
St. Louis, ;.iissouri 

Harrison Schmitt 

Subject: Appraisal of "the Hilltop mino,!) 1li11top~ Ariz~na 
Pb, Zn, f.g 

I ~1i1l~J D!;CT !':Jr~ 

I nsrawith submit th:; 1'8sultsof my exaoi..'1ation of the Hilltop Irtine, 

Arizona made dm'ing tho peri cd of August 10 to Septe:nber 27. Uy instructions 

essentially r.el~e to apprai sa the :::1ne. This required 0 :r.pl1!lsis partic-..tlurly 

on theun.derg:rour~d geology, the J.istribution of, arJount of, and cause for 

the localization of the ore fornerly mined; the gl"sde anj Guuntity of 

tn-eore in place, and the colloction of data portinent to the prospects 

for and search for n0~ ore. 

TriG field work 'lltS.s done dm"ing the period of .Auguot 10 to Septembe%" 9, 

1950. A surface trs.nsit survey "S~s run for the control of a surface 

reconnaissance. The geology of several wiles of undergrourd workings 

ViaS mapped.. Seven un.dergrcund sC2.sples ~-:ere cut in ord.er to check saaples 

taken by F. H. Lerchen. '1111033 hed. been obtaiced far the Eagle Pitcher 

Compe.ny. The period S8ptsr.:lb;:;r 11 to 23 ~'ms spent in drawing ~ps and 

'to,., t" .,..,.., .,.t 'C.'rJ. . J.~l.g nlS .. ",po.. • 

~'::>ov-.f'lT.lh~'" \.k .. . . ::. ..... ~ • . """ J • 

The Rill top mine is locatod in the Chiricahua ~ountains about 23. 5 

miles west of Rodeo; !ler, Z2exico on the South~rn Pa cific railroad and 

about 27 ::lileSBouth of' san Shon, Arizona ..-:bich is on !mother bra.nch of 
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To: 

FrOrE: 

I"~ '. ( .. . . 
. :" . 

Septe~be~ 27, 1950 

The .Americsn Z:'nc, L-cacl, snd S;nolting Gonpa.YlY 
Pau.l Bro-rm iluil(ling 
St. Louis, :~iis~>o~i 

Harrison Schmitt. 

Subject: Appra.isal of the Hilltop min~» Hilltop:? Ariz:::>na 
Ph, Zn, l.g 

I nerewith submit the l'2sults of' lJ.y 6xunination of tbe Hilltop mine, 

Arizona. made d.1ll-ing tho pericQ of Augu.st 10 to September 27. ~:r instructions 

essentially v.ere to apprai se the !:dne. This required e y,ph!lsis pal."tic .... l~arly 

on the undergrour.d geology, the ;liztribution of, amount of, a:'".c caune for 

the localization of the or6 foroerly mined; the gl"sde an:: quantity of 

theo!'e in place, and t1:e collection of data. pertinent to the prospects 

for and search for n0~ are. 

The field work 'l>7US dO!lC du::ing t.ho period of August 10 to September 9, 

1950. A surface tr&nsit SU1~cy ~as run for the control of a surface 

reconnaissance. '.?he geology of several miles of' undergroun1 workings 

Vias mapped. Seven underground sanples ,":ere cut in ord.er to check. s::u:.ples 

taken by F. H. LC1·cben. 'l'nes3 hnd. been cbtait:ed fot' the Eagle Pitcher 

Compeny it The period Septsr:lD-Cr li to 23 t',as spent in drawing ~ps and 

Caoe:,r-2tTIhy. 

The Hill top :nine is locatod in the Chiricahua !!lountains about 23. 5 

miles west of Rodeo~ Hew i::exico on the Southol"n Pacific railroad and 

about. 27 r.lilesBouth of: san Shon, Arizona "lbich is on ru:lother branch of 
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, the Souther~ Pacific. The olair::s co: ',',pr:i!3ing the property lie across a 

majol- northwest trandi:!fT lincstonc ,,',ountain rid r)'0 t:hich has a relief' - ' ~ . 

of about 2000 ft. The ro!ids from the nine on t~G n'Jrtbeast side to the 

railroads are dOml-gl .... ..?de tJ.r.d aTe usually in gO'Jd shape except for periods 

of a fev: days or hours during the nUtt':ter and 'winter rainy seasons.. In 

tha vic:l.nitY ,of the mine tbc altitude v:::',ries frC);:-; t:.'bout 5600 ft. to 7300 ft. 

ab-:>ve sea level. The principal mir;.e b12ildin;:;s arc located near the 

northeest base of the ;::ountuin ridge at an elevation or around 6000 ft.. 

A fine climate is feund at such altitudes and at similar latitudes 

in the Southwest. The mean annual ralr.fall is around IS inches. The 

vegetation on the lower slopes is lal'gcly benI' grass, oak, pinon, juniper,. 

ced.s.r" s:ld oountain :r.ahogany.. On the higher slopen pcu(!crosa. pine is 

prominont. Thera is fine r2.l".ge o·acs at mo::)t altitudes. This all adds up 

,. to an attractive co~~trs. 

CrenereI Desert'otien. 

The mine is developed by one !:linor ar:.d three principa.l suits. There 

are l'l!) important shafts. The upper principal adit, the Kasper, was 

driven from the southwest side of the mountain !L."11 was the first important 

dev~lopm.ent of the mine. This was finally pushed. tr...rough to the northeast 

side. The early ca..'1lp TSas on the southwest side. Later the Gray and the 

Reh."n edits wore driven fror.l the northeast side and all thre:J r ... ere connected 

by a through-going raise or ore pass. The elevation of the Rehm is 6055.5 

ft., the Gray 6L~65.1, the Kasper northea.st p0rtal 6757.5 ft. The Black-

smith adit is at 722.0 ft. At present the only ,:ay to get to tho upper 

workings en the northeast side is by foot o!' horseb:1.ck. The southwest 

Kasper adit en.trance rrm.y be ranched by a. 26 mile good road around the 

mountain ridge via Para.dise and PinsY' ca,nyon. A seven mile short-cut on 

the northwest is at present passable by jeep only. The main plant, just 
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. the Souther~ Pacific. The olaims co:·:.pr:ising -the property lie across a 

majol.' northwest trandi:!g linestonc mountain ridGe tihich has a relief' 

of about 2000 ft. The r02cls from the nine on t~G northeast side to the 

railroads are dOml-gl .... ..?d8 tJ.r.d aTC usually in gODd shape except tor periods 

of a. few days or hours during the nUl:"l':1er and y,'inter rainy seasons.. In 

tha vic:l.nitY ,of the mine tbc altitude vG.ries frC);:-; c::.bout 5600 ft. to 7300 ft. 

above ses level. The principal mir.e b12ildin.:;s are located near the 

northce..st base of the ;::ountuin ridge at &1:1 elevation or around. 6000 ft.. 

A fine climate is found at such altitudes and at similar latitudes 

in the Southwest. The mean annual rair.fall is around IS inc~es. The 

vegetation on the lower slopes is lal'gcly benr grass, oak, pinon, juniper,. 

cedt.U', s:ld oountain :r.ahogany.. On the higher slope;:; PCU(!C1"osa. pine is 

prominent. There is fine r~l".ge o·acs at mo::>t altitudes. This all adds u.p 

to an attractive co~~try. 

General Descr'i'otion. 

The mine is developed by one !:linor ar:d three prinCipal suits. There 

ara ll!> important shafts. The upper principal adit, the Kasper, was 

driven from the sDuthvfest side of' the mountain !L."ld. was the first important 

dev~lopm.ent of the mine. This was finally pushed tru-ough to the northeast 

side. The early ca.'TIp '.vas on the south-Hast side. Later the Gray and the 

Rehm a1its wore driven frol:l the northeast side and all thre:J were connocted 

by a. throllgh-going raise or ore pass. 'fhe elevation of the Rehm is 6055.5 

ft., the Gray 6465.1, the Kasper northeast p~:rt2.l 6757.5 ft. The Black-

smith suit is at 7220 ft. At present the only !:ay to get to tho upper 

workings on the . northeast side is by foot or horseb:.ck. The southwest 

Kasper adit entrance muy be reached by a 26 mile good road around the 

mountain ridge via Para.dise and Pins:.\" capyon. A seven mile short-cut on 

the northwest is at present passable by jeep only. The main plant, just 
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below the Reho adit, includes a number of d''1el1ings, a larga power house~ 

and a ~nager's quarters ar.d of rice. 

The p:::,operty at present is supposed to be controlled by a. company 

c.:!lle:.l Piecztol:t ranoe Incorpol .. t"ted. The clains (S:1o.p D) sa.id to be beld 

by the·~: in.::lude th.e i\)llo'.ving list sub~itt.ed by I,.. :'C. Diffenderfer, the 

present eO-nager. 

IlThe followb.g (m-e the) described 1."~patent.ed mining clair:;s" situated 

in the California cn_mng District, in Cochise CO'J.nty, Sta.te of Arizona: 

Nsme of Claim Record of Mines 
fumk Pn.;.:e 

"" . ~l:lpl.re 30 593 
Enrpra~s .30 t:q:-: 

.i~'/ 

Imperial .30 594 
E...flto:'prise 31 330 
Portla.nd 31 328 
\1. G·. 39 le8 
Galena ~'Ueen 39 114 
Spar 49 595 
Rill Top 39 113 
Hidden Treasuro 39 209 
~""'lorenCEl 45 241 
Birthday 52 1"12 
Hard Luck 14 324 
Surpr.ise 39 112 
Tunnel 49 597 
Ou.tlook 39 106 
Four Point 49 599 
Victor 39 110 
P...och-y F'ord 49 598 
Long _Dump 18 194 "It 

"Right to obtai."1 title to the following unpatented minir~g claims 

not yet couveyed to the corporation: 

N!L"lB of' Clai.:n Book, ~ 

. Alice 'S. Iro. 1 75 331 
u 11 2 75 382 
It n :3 75 :383 
qt " 4 75 384 
n tt 5 75 385 
u- n 6 75 3-36 

Hilltop Lead No. 1 75 287 
tv 'It 2 75 288 
11 • :3 75 289 

- :3 
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below the Rcho edit, includes a numbe!" of dWellings, a. lurge power hoU:se~ 

and a ~nager's quarters ar.d of rico. 

'rhe p::operty at present is supposed to be controlled by a. company 

C.:!l1e:1 Pied::or;;t !;:il1ce Incorpol"'tcted. 'Ihe clabs (l'f.ap D) said to be held 

by thcf~: include the f()llowing list s'v.b:nitt,ed by I,,,i{ .. Diffenderfer, the 

uTte followi::g (nre the) described tmpatent.ed mining clail':is" situated 

in the California enning District, in Cochise CC'..lnty" State of Arizona: 

,,-
.dSE1e of ·Claim Hecora. of ~Rine5 

BOC'ik pr;2"C 

.,.,. . 

.l'.l':lp:Lre 30 593 
En:prass 30 595 
Imperial 30 594 
Rntorprise 31 330 
Portland 31 328 
.::"0 G. 39 lCS H. 

Galena t;;lleen 39 114 
Spar 49 595 
H-il1 Top 39 113 
Hidden Trearmre 39 109 
~"1.orence 45 241 
Birthday 52 1"12 
Bard Luck 14 324 
Surprise 39 112 
Tunnel 49 597 
Ou.tleok 39 106 
Four Point 49 599 
Victor 39 110 
RocL.-'Y 'Ford 49 598 
Long ,Dump 18 194 to 

aRight to obtai."1 title to the following unpatented mining claims 

not yet conveyed to the corporation: 

!q'!.t~~e of Clalm fu?Qk Pao:e 

·llice M. :flo.., 1 75 331 
u 12 2 75 382 
It u :3 75 )83 
• " 4 75 384 
n tt 5 75 385 
.... n 6 75 3-36 

Hilltop Lead !~o. 1 75 287 
ft 'It 2 75 .288 
11 • :3 75 289 
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Na~e of Claim 

Hilltop Lead. No.1; 

" Q 5 
~ IS 6 
a tt 7 
9 il 8 
ti i: 9 
n n 10 
w I? II 
~~ 'Il 12 
~ " 1.3 
1? n 14 
:; 'it 15 
It l!: 16 
It u 17 
\l u 1~ _ .... 

. ((: ~: ~' 
""":(. ,,; 

Book 

75 
75 
75 
'15 
75 
75 
75 
75 
?5 
75 
75 
75 
75 
75 
75 

Pary;e 

290 
291 
292 
293 
2!N+ 
295 
296 
305 
306 
307 
312 
313 
331 
332 
333 It 

The first group of clai::s t'iber. plotted see:n to adequ.ately covel· the 

ir:l'Oortant arod cz-itic<?l arotin:l (Se6 tz:ap D). . -. 
FO~9.r Shi~.~Bnts of Ore o 

Records of ore ship::.ents S11'~:::la:~izod by 

Year T\'ins till. El ell 1 ':1 :3 

1924 4377 5.5 24i>O .,25 27 .. 0 
1925 4105 5.0 23,,0 .. 40 32.0 
1926 2890 4.5 20.0 u;5 32.0 -11372 

1';' .... 

fr 

'I~ .. " 

12 .. 5 
lOGO 
12.0 

t:~rch9n are as follows: 

eGo ~~n ('t) ~!1'1 

4 .. 0 7.0 3.0 
2.5 9.5 2.5 
4.0 8.0 1.0 

These are s~pposed to be ne~~ly the total shipments. All the ore 

was oxidized. !1y -ceasurement of theaccossible stopes give a oinimlllil 

of 9000 tons., 

Ecr:l.ipr'lent on th-e Crou.nd. 

;, ~- $.l ,",' ..:! .... t' . , .... r Id d .... J,-'l4 "'.., ~. ~ v.1S l\en:l &...2.1,; nercl.S a. we ...... Gr 0 C an new equl.pmen .... , l .ne .u ... .......g 

a 300 HP diesel electric plant said to be in. fair condition, a battery 

loco:notive, an tmdcrgrcund loader, cOl::pressors$ raiscella..1'l0ous electrical 

eq'...dpment, dt'il1i.."lg ntlchines, etc.etc. i:\n invent.ory may show sc:r.e useful 

material, but ~~ch of it has been badly used. 

t"\lc~ n ...... ~ ,hy"" !] <,1.'1""· ~ ~ Jft~a n.u~~IU ~. 

Dat,a presently available on th~ mine include: A cor::ponite plan of 

the entire mine nearly up to dote and appal-ently accurate but with no' 

4-
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!'~a~e of Claim Book Parte 

Hilltop Lead. No. l, 75 290 
fi R 5 75 291 
w 41 6 75 292 
ti It 7 '15 293 
t1 it 8 75 29/", 
ti ~ 9 75 295 
1'0 n 10 75 296 
~ ~ 11 75 305 
~~ ~ 12 "'l5 306 
~ « -.., 

..l....J 75 307 
1? ~ 11, 75 312 
Q ,., 15 75 313 
Il ~ 16 75 331 
ft u 17 75 332 
ft u 18 75 333 

The first gl'-oup of clai::s when plotted seem to adequ,ately covel· the 

ir::porUlnt and cl"itical groun·:! (Seo nap D). 

Year T~jns .1', r" 
~ £ eu r";1 S ',,' ~ GGO ~r;n ('t ) [;tl1 

1924 4377 5.5 24 .. 0 .. 25 27.,0 12 ct 5 4 .. 0 7.0 3.0 
' . 1925 4lC5 5 .. 0 23 0 0 .. 40 J2~O 10.,0 2.5 9.5 2.5 

1926 2890 4.5 20.0 .55 32.0 12.0 4.0 8.0 1.0 -11372 

Tnese are SllPPOSed to 00 nec.rly the total shipments. ,All the ore 

VIas 'Oxidized. !f.y 'Ceasur-ement of the accossible stopes give a mininrillIl 

of 9000 tons .. 

At t:'''!13 Rehm adit there is a \1e1 t3l"" of cld and rlew equipmen~, !.ncluding 

a JeO HP diesel electric plant said to be in fair condition, a battery 

· loco::1otivoe, an 1mdcrgrcund loader, cOl::pressors, raiscella.'l00us electrical 

eq ... .:.ipment, ,h·illi.'1g nltlchines, etc.etc. t\n inventory rea,,! show so:-::;e useful 

material, bu.t !lfJ.cn of it has been badly used. 

Qld Data A'.r3_il$.hle. 

Data presently availa.ble on th~ mine include: A cowponite plan of 

the entire mir.a nearly up to date and appal-ently accurate but with no' 
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aceo::npanying suy'V'ey notes,s.a;:;ple loc.a:'ions and assays by the Eagle 

Pitcher Compnny$ a geological reFo:-t of go~,d qu~li:ty by [;r. Charles B. /I ~. 

~i'U'~J2). 

sketches by Ira Do Joralemon, surf~ce topoZ"t'aphic and claim maps and a 

;4"~ 
:.,/ 

~~ -

Barkey with several scattered mups belonzing to it, various notes and 

map of thG now ea:ved Blacksmith ~dit ~"orkings by Charles A. Rasor. t;iy 

offico files contain r..otes taken in 19L,4 on the Blacks:idtb workings. 

G'EOLJGY 

The purpose of this repo:r-t dOGS z:.ot appear to require an extended 

disC"Q.ssion of the general geology.. l~y oCs2):\.4Tc.tio!1s, Ijmited on the 

SUl'fac$~ but extensivG undergro~ld, largely cor£irm Pr. Berkey's eon-

elusions as to the age a'1d cnaract0l' of tho rocks and their broad structure. 

Ssdj.7:ent.?..r~t anfl ~}eta~:ct"nhic Roc3cs. 

The rocks of Hill top m01.mt3.in arc largely lil'lCstone a."ld shaly 1il:116";' 

stones with a stratigz-aphic thic1se3S of al"ound 5000 ft.. They may vary 

from lowsr 1:1ississippian or even D<:!'lJcn-J !:i3 on. the northeast side of the 

mountaL'I'l to upper Pennsylvanian or even Per-oian on the southwest sido. 

The first beds vtrith conspicuous iusult!>". coree in about 200 ft. northeast 

of the G~ay adit. This point~ then, could be near the base of the Lo~er 

Pennsylvanian since these forns are not fOlli~d lor.er than uppe~ I!.ississippian, 

although l"ocks of this age may ba prosent locally. A Permian (1) brachiopod 

13 pror:1inent at the top of !:lC>unt2.in ridge in the nUlssive li@6stone with 

accompa~.;.l'.lZ pink chert just above the Hilltop quartzite. Limestone con-

glomez-atcs can be observed on the southWest slope. The general character 

of the upper beds 7:ith their thin sandstone and quartzite members and lime-

stonchconglomc:r-ates resembles ths uppal" Pennsylvanian or rttagdslena limestone 

in southwestern H8f: ;,:exico • 

The Hilltop quartzite is around 65 ft.. thick. In general it is a hard 

dense quartzite, but in places is limy. The lower half, when.not greatly 
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acco:npanyinz sU:l.'veJ~ notes,sa.<:iple loca.:'ions and assays by the Eagle 

Pitcher COillIX;),ny$ a geological repo::-t ot go()d qU:llity by 1.;-r. Charles B. 

sketches by Ira Do .Jora1emon~ SlJ.:!'i'sce bpo,t-.c3.phic and claim mups and a 

~ap of th3 now caved Blacbm':ith ~dit '.':orkings by Charles A. Rasor. t~y 

office files co~tain r.otes taken in 19L). on the Blacks:;d tb 'Workings. 

GEOLJGY 

the purpose of this report docs n0t appear to require an extended 

discrassion of the general geoloZYe ~y obs0rv~tions, limited on the 

surface, but extcnsiva Ul'lder-gZ'C:l.'1d, 12.l"gely ccr.fil-m Dr. Berkey's eon-

elusions as to the age a.'1d character of the rocks and their broad structure. 

The rocks of' Hill top mou!lt~in are 'largely lil~estone a..'1d sbaly lir:}o-

stones with a stratigzoaphic thic1mass of around 5000 ft.. They :cay va..7 

from lows!" l:1ississippian. or even Devon~eu en. the northeast side of: the 

mountain to upper Pennsylvani~"1 or even P(,,!"nian on the southwest side. 

The first beds \'tiith conspicuous fusuJ."1r. '1. coree in about 200 ft. northeast 

o£ the Gray adit. This POintl1 then, CQuld be near the be.se of the Lo~'.(er 

Pennsylvanian since these forms are not fOlli~d lower than uppe~ 15ississippian, 

although l"ocks of t!1is age may be prosent locally. A Permian (?) brachiopod 

is proninen~t at tho top of lliOuntain ridge in the rr..assive lbestone with 

accompanr...ng pir:.1: chert just above ths Hilltop quartzite" Li.mestone con-

glcmerates can be observed. on the southWest slope. The genersl character 

or the upper beds ~ith their thin candstone and quartzite members and lim~ 

stono: cong1omerates resembles "tne u.ppar Pennsylvanian or Magdalena limastone 

The Hilltop quartzite is around 65 ft. U1ick. In general it is a hard 

dense quartzite, but in pla.ces is limy. The lower hall', when .not greatly 
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metanorpboaed, 1.8 a. sandy li!:lGstona wi '.:.1: rec1.:ii::;h and greenish phases. Just 

nbovo the quartzite is the wc:.s s1:.;e fl.--::;':'-' cl':8!'ty lij,:cstor.e.. Just below the 

quartzite :5.9 a soft oarly phase a"bcut 6D ft" thick an:! below this occU!"s 

"Clas~!ve to ~edim'2 Jr.f:lded gray ~ ~ . 
J..l.nas-cor~e. In the ·lm7o::::- pc!'t of the section 

from about eoo ft.. inside tho t30utheust porttll of the Kasper udit to the 

massive ms.rbJes at t.he entrance to t!~e G-:;~ay adit, a stratigraphlc distance 

of around 1400 ft~1 there are thick massive porcellunites (hornfelses or 

hornstoties). Porcellanite is per-haps the preferred tG2"n. These pres~blY' 

are baked sne.Ies and shaly limestones.. Thick coarse l:!.nrbles are prominent 

from the Gray adit entrance on to-;,ard the northeast .. 

Irne:111~ Pocks. 

In the mine \vorkings soce.ll e:q.;osu!',;'s of' igneous rocks «.1"e seen in the 

fOl~m. of' dikes and possibly sills.. The cos!)conest type has been c2.11ed 

locolJy "bll'dr,ey~\1 porphyry.. This m~y be a quC'.rtz monzoni:'c·G porpbyry or a 

granodiorite POl."P!:>.y-.cy. !;ortl1cast of tho Rehn e~it a lilrge mass of siz::ilsr 

pcrpD..V17 outcrops.. Tn ths Rllra. It:.ck clai!J az."03 a large dika ot fine grained, 

de!'..sIS~ nearly t1hite rock is e~posed in the wo~·k'!ngs.. This appesr5 to be a 

rhyolite (felsite) .. It may be or ::;l8.y have b(;isn largely composed of glass 

IJo anj i.e doubtless related. to the late volc~ic rocks pro!:linent just south~est 

of the area. 

Geo1.o,'·ic Struct.ure" 

The fossil and lithologic evidence indicates that the oldest part of 

the sed5ment.8.l"".{ section is on the northoCtst.. Sinc3 on the lower northeast 

slo:oes the beds dip northeast t.hev a1"e O1:rerturnede itt and near tho bottom ... .-..-..-- - -;;..::~-.:;.;:;..=~=:;;. 

of tho valley stU! fa..-th'i:!r northeast there is a raass of birdseye porphyry 

at least 1800 ft. "d.ue in the nort.heast direction. . The intrusion or this 

pot"phyry may have been responsible for the crowding and overturning of the 

tlodimentary·beds that occur toward the southwest. 

,,',:. 6-
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metano!"phosed, :15 a sandy li!:1Gstone wi ~h r-ed:1i::;h and greenish pha.ses. Juzt 

Just below the 

qu.artzite is a soft narly phase about 60 ft" thick an:! below this occu=a 

In the ·107:0:;:' PIl!"t of the section 

frOll aOOt!t 800 ft" insi(10 th.o sQuthecst p~rtnl of the 1\~spol:" lldit to the 

massive l.1l!l.rbJes at t.he entrence to t!~e Gl~ay edit, e. st.ratigraphlc distance 

of around 1400 ft., there are thick massive porcellnnites (hornfelses or 

hornstor,es). Porcellanite is perhaps the preferred tGl"C. These presUZ!ably 

are baked shales and shaly limestones" T:'1ick coarse 1:!.arbles a:-e prominent 

from the Gray adit entrance on to""ard the northeast .. 

Irne:11:u~ Pocks. 

In t.he mine workings 8lT.:ell exposu:'2S of igneous rocks ~re seen in the 

form of' dikes and possibly sills.. The cos.!J;.onest type has been called 

granodiorite: pOl.~!:>J".!J". !hrt11east of' tho TIehu. ea.it a large ~ass of sir.:iler 

porp~vry outcrops. In the Hard 1>::.ck clai!J 8!"03 a large dika of fina grained, 

densa~ noarly nhite rock is m~posed in the workings" This a.ppears to be a 

rhyolite (felsitt'.:).. It may be or :itly h!lve basn largely composed of glass 

'" and j.s doubtless related to the late volcanic rocks prominent just SQuth'&"0st 

of the area. 

The fossil and lithologic evidence indic[;.tes that the oldest part of 

the sed:5mentary section is on the northoCtst.. Since on the low~n' northeast 

:;lopes the beds dip northeast t.hev ~ Q?~rtu2"ned.. At and. near tho bottom 

or the valley still fa..-ther northe.ast. there is a raass of birdseye porphyry 

at least 1800 ft. liide in the northeast direction. . The il'ltrusion or this 

pot'phyry may have been responsible :::'01" the crowding and overturning of tho 

~cdi:::lentary'beds that occur toward the southwost. 
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On the Rcbm adit level tbe~e is rr.uc!'l evidence~ s1.wh as folds rmd flat 

faults (12:lp r), of an active o'V6:!.':dding ti..!'ust f::OVC!:l(')nt i'1'o:'. the north-

'nort,heast. Indeed)} it is p1"o~:,ble th"t tLis sa::e general th:-uzt h.ss resulted 

in tr~0 Black~hlitz:' fault fo!" the latter sl:cws a predominance of horizodal 

striations anj t:1C no:-tbt1ost riall nr1.s !!:~:nrcd ~olltr~v/ :::3t sbo'ut 600 ft. The 

stril~Q of this .r;;:t·~ t. is S751V end tl"ls (111) (l.t"Oili:"~j "10'0 ~~:)'l1the&nte r;i'l the Bellm 

adit ttere is eVl.dence that it nergss tlith a fl£"~t thrust fflult. It is 

apps!"cntly \7hully prc-ol""c in age o Thc~c is little j1 a~y evidonce of ~ost-

ore che.l~e.ctor ~ It aD·~'·cn.r~ to bc' . ~ ~ l"lt:'~ l .... ~_ Pl~:l,z:cipal t1inel"'alizing channel tlS 

will be discussed late~. 

The bedding) as disclosed on tIle surface erlQ ll."ldel'ag!\'")und., (.lips Gouth-

westward fro:::. e. point abo'lt 30G ft. inside fZOUl the portal ot the Gray edit. 

From this point to the soutt17est side of the L'lount/;\in tho dip iz: alw<?7s 

s.outlrtrest 'with incl"oasing r1.attQning· ~outh1:-yest~;ard. t.s one pl·ocec{l::; ir. this 

direction. in the l1er...rl'l edit the fh~ t tE-.ning reaches zero ar.d even sno..:-s a few 

degrees of l'E:.-'Vcrsal (tifap I). For this reason the IIUltop quartzite dces not 

reach the level in thls area.. It irll::> C1..'1..t by a 136 ft. raise and a 144 ft. 

i tl d .. +' ...,,~ ~ • r (". I) ra SCI nellr ::e en 01. ... ne ~ ... enm ac.::.:l:. ',;;ap ;0 

Just northeast of the orfi bearing ar'':::.::.s ('IhCG.Vjl"if higb:-e..'1g1c faults that 

bear parallel to the mO":;L"1tai..'l range a1'o seen .. They ~ut the adit~ nearly at 

right angles. -their .. , . ~' . ,. ~ 

s:!.g"!lJ..l ~CCL.!.ce ~s OOSCll:'e at this tko, but they ~ust 

have naJ. an ir~1portru1t effect; on the rcgior~l str"r..lCtt1re~ 

Be:iding-plane f!llu:ting' is cru.ll-'act,uristicQ ~'an~r small faults that 

lo.::a1izGI oro cut t!'is quartzite. ?hey do not appear alweys to c~~ss into the 

lil:Gstono beds but !nny curlea.:!1d join the bedding faults a:t thn qua7tzite 

contacts. The quartzite see~s to have been faulted, b~ken, and brecciated 

bet .. ~een massive H::::estones that un:ierwont plustic flor., much like a. qt.:.s.rtz 

vain, before sn1f'ide mineralizution, msy be shattered between less brittle 

walls. -7-
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On the Rer~u edit level tb~re is ~uc~ e~idence~ such ss folds and flat 

fsults (12ap I), or an active ove::.'riding t1:!'ust !l'.ovcr.JC)nt from the north-

'northeast. 

in t.r~0 Black~,~itr .. fault fer tr~e latt·o.r a predominance of horizo~tal 

(in the f:ehm 

adit there is evidence that it nergGs ftit h. a fl~~t thrust fG.ulte It is 

Tho~o is little jf UwJ evidenco of FOSt-

It ap.[.'·c~ .. r~ to b0 the pl"'i.r:.cipal t~i.::eralizing channel t:.s 

will be discussed late~. 

westw!'.ro. frox: 8. pobt9.bo'lt 300 ft. inside fzol!! the portol of the Gray e.dit. 

5Outll'm:st vdth inc!.'oasing flut.tcninc; sQuthwGst'E"ard. 

direction 1.71 t.he neb:') edit the flattening renchos zero ar.d. even sho"1:'S a few 

For this reason t.he IIilltop quartzite dcos not 

reach the lev~l in this area. It ires C1.i .. t by a 136 ft. raise and a l44 ft. 

raiSe neer the end. of the Rehm adit (il ap I). 

They cut the adit3 nearly at 

right angles. 'Their sig.-nificlL.!ce. is obscu~e at tbis tir:c, but they ~t 

lo~n1iZG oro cut t:.s quartzite. l'hey do not ap?eal' always to Cz":)ss i."1to the 

li.:.estono beds but mn.y curle end join the bedding fauJ:cs at th:!l quartzite 

contacts. The quartzite see~s to ~~ve been faulted, b~ken, and brecciat2d 

between massive lirr:estones that un:ler.':~mt plustic f10r., much like e. cr.:artz 

vain, before snH'ide minerailzution ll may be shattered between less brittle 

walls. -7-
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'1'h('} :,~inet'aliz."lt1n:'l. 

~"h ~ • .t ~ ... t . ..,.. . . " , .., . , .r .j.. ti 1 'e t • .l.J..J. . Op ::lU.r..era.L1ZU (,3.011 1.13 C;l.'J.rac"\;.Ql'l.ZeU Dy an ea.r~ pyromc "ascwa e 

01' high t,6!1peratw.'e ph.:~~e indexed by hiGh t..sJ:i.?''3:.~a.tnrc silicatE:s, recrysta.llized 

1'-1 <C'''S tones anu p0l"cellani. zad s11ales a:r.:i shr:.l:l li~estones, and So L'lcderate 

te',:p~r.ature phase i:::ldexcd b:l high-g.s.lena sulphide depusition, cl".lcrito and 

., 'J' ~ •• ••• ., "t "' d 1 "t ( .. ) 
St;:ccnQ~y eal·oc:£!altes lncJ.t!a~.l'lg CC...LC:.tJ0!) rcoo.ocrOS:L e ana ·0 O.:ll. e , ~ • ?here 

seems to be little secondary or- introduced oilica .. Quar..z is sparse as a 

vein mineral. The thick beds of sI1~lc aIl~ shaly limestone ;vera prest:.rzbly 

pCl'cellanized (t~silicificdi'l})) without the introduction of silica.. Re-

c..."7stallizcd or marbleized lir;;;.)stol1es nre proni..'1cnt e 

Garnet .a."1d epidote occur in moderate e:!?()\mts pa::r-ticu.larly along pre-ora 

faults :::!lU mCl"'e pzu-ticularly along t"te Eluc?:Z::lith fault. There is some 

rhoQ.or.:i.te. . ~l:'ke::r also reports Z!'lagn$tite. (See Serkey in appendix. P for 

extensive mineral lists). 

':rile i!lQQetoate tCDPC1"\Sotm"c or ore pllCose is concentrt-lted along the pre-

ore fa.ults and fractures p3.rticul~r-ly vlbere these cut or disturb the Hilltop 

quartzH.e, nltho1.~£1 along the Blr~c~<::::.;mith fault:} which appears to be thG naster 

mineralization c:cnnnolso this p:lace is r.:o::l\:3l"at(;;ly well developed in limestone 

walls particu18!'1~r at the lO\1'c!,11 elevations. 

The ore minerals nre galena~ sphalel"'ite, P3rrite an:l chalcopyrite in 

order of impo~tance. lIne ... ~ C.n:U9! g.s.n.gu.e minorals seem to be the qU8.rtz of 

the q1.lartzitc;l ce:::-boD:;.tes;, chl"z-itG find epidote, rhodonite, a.l1c1. rhodocrosite 

~ith very minor qusrtzQ In t.he sulphide oro en the north Gray , level, all 

disclosed by assay, there is a moaet'ate ill'DUl.'rC of silver, up to rive ounces 

in. S0:>16 ot the ore, no gold er:.d no appreCiable t,u-1J.gsten or bis!:',uth. 

'I'b L 1 ~ ~." "" ... , 0.... ( ,. G tt I 'J 'joe ,OCf't .!..Zc~"C.J . O!l OJ. ~JlI1.e .$; . ~ t~ laljS ;., .iJ. (f anaL. 

Tile fa.ctors influencing the localization or the known ore in this mine 

seem clearer then is uzually the case. In a broad w~v most of the ore mined 
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The Hilltop ',.-!;,eralizution is c!-L'J.ract0rized l;r:J an early pyrolJotascwatie 

l.'-1m·"ston.es and. porcellani.zad shales ar:d. sh:::.ly li::Jcstones, and a cederate 

te;':pEll'.ature phase i~ldexcd by hign-g,s.le21a sulphide deposition, cr.lorito end 

., • J "" ••• •• • . ., d 1 "t ("') seconu.::..ry eru-OOl!Oo "es l.lJCJ.ua:U1g cc.l.C:' t,c ~ rCOClOCrOS:L t.e ana. ·0 onl. c . ~ • 

zooms to ba little secondary or introduced silica~ Quartz is sparse as a 

veirl mineral.. The thick beds of · s}.~l e arl::1 shaly limestone wert) prcsu.:iably 

pC)l'cellanizod {t?silicificdl'l})l -without the int.roduction of silica.. Re-

Cl'ystalllzed or marbleized linost.orlas nre pronillent .. 

Garnet '!h'1ci epidote occur in moderate e:!1.()unts particularly along pre-ore 

faults ~d mCl"'C pa!:ticulax-ly along the Elcckz!:lith fault. There is some 

(.S'Be Serkey L"l appendix. P for 

extensive mine~al lists). 

ore faults and fractures pal~ticul:2!'"ly w::ml:'e those cut O~ disturb the Hill top 

quartzit.e, altho~;.g!1 along the Ble.,"!:csmith fault:} which appears to be thE; :-.aster 

mineralization channelS' this p!lace is r.:od31~at(;;ly v;011 develo,cd. in limestone 

The are tdnerals are galena:; sphclel'ite, pyrite an:l chalcopyrite in 

order of importance" The chief g:mgue minorals seem to be the quartz of 

the Ql.lurtzitc;I cerocmates;; c:hlor-i'cG and epidote, rhodonite, a.l1d rhodocrosite 

~ith very minor qusrtzQ In tl10 sulphicle O:C0 cn the nortri Gra..,v . level, as 

d.isclosed by assay, there is a moderate am~')UlYt of 3ilver~ up to five ounces 

in SO:.1e of the ore, no gold cr.Ci. no appreciable tungsten or bismuth. 

'ri1e factors influencing the localization of the ImovJll ora in this mine 

seem clearer the.n is usually the case. In a broad w~v roost of the ore mined 
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has been near the intersection of: fc.ults v;ith t!le Hilltop quartzite and 

most of this has been mined from the intersection of the BlacksT.ith .fault 

with tee qi.!artzite (:;1up G)o In the vic:h:ity of' this broad intersection 

ore may occur alec£: the i'ault itself' 9 on auxiliary fe:nlt i.'ltcrscctions and 

along the bedding m:d cea,2iz:E-pl!ll1c faults ndjncen.t to or close by cross-

f.aults. 0".1 thQ Qray 1"'''10111 a.s will bo noted latcl~11 a sr.lull or\';l bo<1y liiill3 

be'~~een lisest.one walls on a strand of the Dlacks:dth fault. 

On the Hard luck clai.n on the I:sspor levol -there has been a moderately 

important production of oxidized le,ad ore leO,) ft. west. of the principal ore 

at tl'lG Bla.cksmith f~ul_t i~'ltGrSect,i(}r!.. This ore· £~so i3 largely on fault 

intersections with the Hilltop QU3:i.··;:'Z:l:cc. To the southeast 1000 ft. froo 

tha main ora some production of oxidized lead ore was had fro!:l the Kasper 

lev~l fl"'omthe Galena QU8en end Spar claims and about 1000 ftl> farther 

southeast on the same lovel fro:: the Oat-lock and Foul'" Point clni::.:s.. 'the 

ore at these places is largely on bedding planc3 and/or bedding-plane faults 

ncar cross-raul ts. 

On the southeast Gray level U.Iap H) there wCl'csevcral small oxidized 

ore bodies in the qum·tzite where this bed is cut by cross-faults. 

On the P..ehm level t";Jo raises, Hos .. 1 and 2 (~~a.p 1) were put up to the 

quartzite and disclosed minor showings of oxidized ore and scattered pa.tches 

of S'llphidas. The- localization appears to be caused. b'.r a wide north.:est 

bearing shear zone (Uap I). 

On the L-ong Du,.tip claim along a bedding plano neal" a cl"Oss-f'aul t in 

the Hilltop quartzite thore bas been SOi';~C minor production of oxidizod lead 

ore said tOa:!lount to about 20 tons. The vein is up to 6 in. wide and looks 

unimportant besides being on the: nearly inaccesaible t'lain mountain ridge. 

The BlackS::!ith adit, 460 ft. e.bove the Kasp;:r adit, is said t{) be the 

place of discovery of Hilltop. The lloTen is niA·~d sulphide and oxidized 
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has been ncar the intersection of' f~ults v;ith the Hilltop quartzite a.nd 

most of this has been m.ined fr;)!.1l the intersection of tho BlacksT.ith fault 

In the v:i..c:h'li ty of this 'broad intersection 

ore may occur alcr.g the i'ault itselfg on auxiliary feiJ.lt i."ltcrscctions and 

alOllg the bedcli!l..,g C1nd ccdclir.g-pls!1c :f':.:ru.lts ndjo.cont to or · close by" crO:3S-

be-c.".1een lw.:;;stone walls on a strand of the Dlacks::;ith fault.. 

en the Ik!.l'"d luck 0131.n on the lCsspor level ·the::e r.as been a moderately 

i~porta.nt production of oxidized lecd ore 160;) ft. west of the principal ore 

intel.'sections with the Hilltop qU3.1"tzi-cc. To the southeast 1000 ft. fro~ 

the main ora some production oi' oxidized lead ore was bad fro!;l the Kasper 

level fromtbe Galena Qusen end clain'.:s and about 1000 ftl> farther 

southeast on the same 10yol fTO!:! the O'(!.-tlock and Four Point clnir::.s.. The 

are at these places is largely on bedding planc3 und/or bedding-plane faults 

near cross-faults. 

On the southeast Gray level (tIap H) there were several small oxidized 

are bodies in the qual4 tzite where this bed is eut by cross-faults. 

On the !:leho level t~o raises, 11os .. 1 and 2 { ~1a.p I) were put up to the 

qu.artzite and disclosed. minor showings of oxidized ore and scattered patch-es 

of S'llphidcs. The localization appea.rs to be caused h".r a wide north.:est 

bearing she~ zone (Uap I). 

On the L'::mg Du..'7lP cla:im along a bedding plana ncar a cross-i"aul t in 

the Hilltop quartzite there has been some minor production of oxidizod lead 

are said to . al!l::mnt to about 20 tons. 1'he vein is up to 6 in. wide and looks 

unimportant besides being on tho nearly :lnacces5ible r.:ain mountain ridge. 

The Blacksmith edit, 460 ft. $.bove the Kasp::!' edit, is said to be the 

place ·of discovery of Hilltop. The IlOl:'en is r:li7.·~d sulphide and oxidized 
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and contains oxidized copper mlnerals. O'bvioUBly it would. be difficult to 

cllI. It is of a Good grade (See section He .. 1). It follows the contact of 

"tho h:mging wall lit1estoncar..d tho Unltop quartzite at the ir.torsaction of 

tho sQuthoast2rnsost str!2nd of the BlacKsrJith f:::ult~ the se~ intors6ction 

tlla:G is the l:!:)st i;:;:)'Jrtant on the Kas?cr and. Gray levelso The strike length 

.: ..,- b" .:..' • "h 4 .J. ... s ;,';) .!. t. .. fl 10.';0 W2Cl."t.. ' .. 0 6 ft" and it bns '008'n i"cllo'Q"ed do,;?;n the dip from. 

the adit level by a ';'!i.."lze for 50 ft .. The probable relationship or this 

(iore~ to the m.a:!.n 01"0 on the Kasp-cl" level is shmm on section Ho. 1. 

Tho only itlpol"tant expo:::u..:.-e of n::~ J 1 abla culphido 01"13 is on the north 

Gray level. Rere D1"st of the ore replace::! bods in the Hilltop CfJ..!lrtzite 

adjacent to the southeasternmost st!"and. of the Blacksmith fa.ult. The!'e are 

at least t-::.:o mr:e:.'""n1ized beds a!ld probabl;r a third. A f01..lrt!'l ore· body occurs 

in tho above r:cnticned strU:.'"'ld o.f the Blaczs:1ith fault in liElcsto:.:e naIls. 

The apps:"ent. pl'"eference of the o!'e fo'£" the Hilltop quartzite at least 

in the upper levels is of critical interest.. So far as can be observed 

now, e~::cept along t.he Bl.:::ckS:i1ith fault, t,he exposures of me'taliic m.inerali-

zation in li:tostone in the Eilltop rr.drlc proper are subordinate in qUZl.ntity. 

On the Kasper level spots of SU1P~lido, often high in. galcM~ occur on the 

vaTions strands of thi3 Dluckmnith fa.ult within li:::8stone walls fo!" a }.:r..own 

horizontal d.istance of lOCO fto, but little if any of this 11ore~ has been 

or can be mined. O"zl the Eeh1!l 1e-lel, Toughly belo':] the oro on the Gruy level, 

a 12 in. vein of high grade sulphide i.~ lip-es'(;one on: one of the str~nds of 

the fault nas been i'o1107H.:ld by a. 17 ft. 1':::.is0. /' 

In most clistrlctsoTe prefers li:t:estone as a host, although not too 

uncommonly some otn-&r rock is preferred. Since the possibilities for ore 

along the Blacks:::ith fault huve been adequately test,ed on only one level, 

the Kasp-er, it- may be premature to say tha.t considol."able oro cannot occur 

1.."1 lime;3tone at Hilltop. cArlE);] from the 81acksz;lith fault the relatively 
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and contains oxidized cappel'" mlnerals. Obviously it vmul1 bs difficult to 

It is of a g-ood grade (See sect.1.cn nc,. 1). It follows the contact of 

the h<'lnging wall lir:sstoncar.d the Hilltop quartzite at the ir:.torsaction of 

the sQuthcast'2T'n;:wst strund of the Blacksmith fe.ult~ the se.tn3 intersection 

th::l,t is the n;)st i;:;:x)rtant on the Kasper and. Gray levels. The strike length 

is 35 rtQ~ t~c width 4 to 6 ft~ and it hns been fcllc~ed dc~n the dip rro~ 

the edit level by a ..... in.ze for 50 ft.. The probable relationship of this 

~ore~ to the main ore on the Kaspc!" level is shmm on s:3ction Ho. 1. 

Tho only inportant expo 8U:.-e of n;:~]1 able sulphide ore is on the north 

Gray level. Eere m~st of the O1"e replaces bods in the Hi11topcr~rtzite 

adjacc11t to the southeasternmost sty-and. of ·the Blacksmith faulto The~e are 

at least t~o ~ne~n1ized beds a~~ probably a third. A fotu·th ore -body occurs 

in the ab~ve l:enticn0d str::h"'ld or the Blaczs:aith fault in limostol'le naIls. 

The appa:-cnt. preference of the O1:'e for- the Hilltop quartzite at least 

in the upper levels is of criticf~ interest. So far as can be observed 

now, e1reept along -t.he Bl~c}:s:i'lith fault, the exposures of metallic m.i1lerali-

zation in li.:!ostone 1..'1 the Eilltop 0 ::';10 proper are subordinate in qUOlntity. 

On the Kaspar level spots of' SJ.1P~lidc, often hiGh in gcl.en.a~ occur on the 

various strands of the Dl.nckmnith fault .. , ithin l i r.:sstone 'Valls for a k.r..own 

horizontcl. dist.ance of lOCO fto, but little if any of this noreu has been 

or can be mined. O".c the Eehm lC-J'el, l"ou~?;'hly belo';'] the ore on the Cr1"~y 10'101, 

Do 12 in .. vein of high grade sulphide ill lirr:.cs'Gone on one of the str~njs of 

the fault has been fol1owed by a 17 ft. r!::.is0. / 

In most districts ore prefers lin:estone as a host, although not too 

unconulionly some oth-cl" rock is prefer-red. Since the possibilities for ore 

along the Blacks:::ith fault hnve been adequately test,ed on only one level, 

the Kasp-er, it- -::..ay be premature to say that considerable oro cannot occur 

in lime3tone at Hilltop. ArJay from the Blacksrdth fault the relatively 
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extensive exploration 10 this mine hes not found ore L~ limestone, though " ... ~. 
indeed, not much in any kind of rocke . 

, The opinion has been oxpressed t1t the mino that a massive limestone ' bed 

lying just above the qum.'tzito '!as probo.:"ly the are carrier and r..ad not 

~~en edequatoly cX})lorcd Q I 1;.::"'18 seen no fact$ in the field that support 

-this opinion, although per-tt:.ps it !'1I3.:r be justl:: ar6-~ed that not enough cross-

cuts have intercepted this bed for s real tBst.. %ost o£ the developrr:ent 

has b~cn confined to the quartzite. This !!ley have been overdone. 

The Blacksmith fault zen·:; seems to have ooen tl:e p~i."1cipa1 ero channol. 

Ore ooaring fluids were able to move alor.g this fissura, for it was rc-opened 

many times" and while doi."'1g so !'cpl:::.ccdso:2c of the li:::1cstor.e with silicates 

a.~ thon with ~Jlphidcs, chlorite r~ld c~rb0n~tes. t here the Hilltop quartzite 

is in contact with the fmtlt a oQdcratc nUDber of s;:all ore bodies (rEap G) 

VJ~re formed e.s beddins-plc::;:e deposits end as irregular pods at the inter-

section of smal1er faults with other faults including bedding-plane faults. 

'ite im'J.uence of the 3lack$ith i'ault 20ne on oro localization on the Kasper 

level enendod 500 ft4 southeast fr~rrl the intersection. The southr.sst 

segment and intOl"'scc".:.ion of the Eilltop quartzite can be observed 600 ft. 

southwest en the southwest side of the tlOth"ltain.. Bere en the Hidden Tres.S'Jre 

clai~ axe workings called the 'Z2ent. Blucks::::i th. There is some minor mincrali-

zation a.t this point.. a £e.1 tons of oro may have been produced. On this 

segltcnt of the cf~6.rtzi't0 the only important proot.1ction to date has been on 

the liard Luck clam as previously noted and small workings still farther to 

the northwest on outside grour.d. · 

As seei!lS usually the case ~ opanh'lga 01" broken ground was needed for the 

dcpo~ition of ore. This seon;s to have been available in the cr-ashed and 

broken quartzite adjacent to. the fm::lt. Zo.110 and in the £ault zone itself. 

The massive liJ:l0stones adjac~nt to the qu.artzite, but not actuelly alor.,z the 
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extensive e:tploration i.l1 this mine he6 not found ore in limestone, though 

ind0~d, not much in any kind of rocke , 

, Tho opinion ha.s been cX"9ressod at the mine that a massive limestone bed 

lying just above the quartzite ,laS probt:1~J.:y· the ore CSl'ri01" and t.ad not 

b~en e.dequately explored .. I 1:0.'18 seon no factr:;3 in the field tha.t support 

this opinion, elthough PG;.~haps it. my be justly a!'&r..red that not enough cross-

cuts have intercepted this bed for a real test.. r,:ost of the developl!.ent 

has ceen confined to the qUa:l."tzite. , This may have been overdone. 

Ore bearing fluids were able to wove clor.g this fissure, for it was rc-openod 

m:my tim.es,and while doing so !"cplacedso;::e of the li:::.estor.c with silicates 

a..'1d then with S'uph1des, chlorite and. c2.rbon3.tes" Where the Hilltop quartzite ' 

is in contact with the fmtlt a !:lcdcratc nu::.:bcr of' s::mll ol"e bodies (rEap G) 

VJore formed. es beddinz-plc.:::e deposits end as irrogular pods ut the inter-

section of smaller fault.s with other faults including bedding-plane faults. 

The imJ.uence of the 31eck5!4lith fault. zone on oro localization on the Kasper 

level e~endcd 500 fto southeast fr~m the llltorsection. The SQuthr.cst 

segment end. intorsection of the Eill top quartzite can be observed 600 ft. 

southwest on the sDuthr-est side of the !J!OU1'ltaino Here en the Hidden Treasure 

clai~ aTe v,orkings called the Wect Blacks2!i th. There is some minor mineral i-

zation at this poi-'I1t.. A. few tons of oro may have beon produced. On this 

segn:cnt of the cfuartzi'te tba only iITlport~nt production to date hilS been on 

the lIaTd LucIo: clair.:. as previously lloted and small workings still farther to 

the northwest on outs ida gTour~ • 

• 113 seei!lS usually the case, oponlugs or broken ground was needed for t.~e ' 

deposition of ore. This se6u;S to have been D;vailable in the ,crashed and 

broken quartzite. adjacent to thefm!lt. ZOl'l0. and in the :fault zone itself. 

The massive limestones adjac~nt to the qu.artzite, but not actue.lly along the 
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Blackst;ith fault, uS11.t~1J.y epp8S!· ti r;r.\t (!nll uncl-ll~~l:ed \~'ith ovidonce that a 

z;:l~stic ccr:.:.1ition t~as COl.:'1Don as revealed by flow structure. 

The great m!lSS of, U!:.d eXC053 of~ li:":est,.:me, arou.nd 90 per cent of the 

mountain, may have neutralized the ore boaring fluido and satu~atod the~ with 

c~.il·bona~$ by the ti~c they rC:lched t1i::} UrpCl' pal~t of the nine \7here ca.:-bona:tes 

were e.buJ:ldantly deposited at lcSG'C cm':'ng the tii':e of sul?hide deposition. 

This 5ng&ests that in the upper levels :'11e fluids at this time could not 

easily replace li:nostor.:e o'\;' on ii/hen this rock v:ciled the chlll".nol~ays. Along 

the Blacksmith fa.ult ore see~5 to have replaced only qua...""'t2ite and earl;; 

silica.~~s .. 

'The rust explorations at least should ce concentrated ncar the inter-

section of the quartz.ite t':ith the Blac1:s::ith i'e.ult, on the s(Jutheast side 

of the fartlt~ and. in the que::tzitc" Certain possibilities fayo,:, certain 

uno:-Qlored ground. l'b.o flettar~i~il of the Qt!<!.rt,~ite on. the soutbeast side of 

t...'he fault zone intTod~ccs s !~e\:~ facto~~" -:::'3 fall'l:r good &~o"Cii!'lg of two end 

p::oba.bly tt-xce beds of sulphide ore ir.t the n:Jrth Gra] ~"l.y be the top or 

better gro1.4"'lC IDlexplorcd down the dip of the (Fl£U'tzite and r:.long the fault. 

The na.ttG-ning could have pro:!otcd a gl~Cf!.tel' c7<1shing and drag of the quartzite • 

.fu"'lother possibility i::; along tlr~e Blacks~ith fault. On the north Grey 

level is the firzt disclos:;d :'mportant sbowing of 01'6 en the i':!.ult. This 

i3 fine su1:ihide ore of good grade.. S1.1v6r end copper are higher i.~ 

P!'opol"tio!l to tho lead th3n they are in the 0:-6 in the q'.lertzite along the 

bedding.. Conditions r:ray imp:::-ove in dept:!: ~m the fault possibly because the 

solutions were not so i..'lert to liz~os~~ono a.t the greater depth for presumably 

they had not passed throu.gh so ouch or this type of rock. 

T}~ ORB }lES8RVES 

The IDeations and assays of s~;:iples taken by Ii'. R. Lerchen for the 

Eagle Pitcher Company are available. These Sa;:Jples were marked on the 'ground. 
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Blncks!2ith fault; u3unlly epp88.r.· t i :ht end. uncrushcd with ovidence that a 

pl~stic ccr:.:liti::m l i as COk"l.r!.On as revi:?e.lcd. by flew structure. 

The great mess of, ur..d eXC0!33 of, li~0s·'..:,:Yne, around 90 pOl' cent of the 

mountain, 'ID.'!!y have neutralized the ore bon:ring fluid::! ar.d satm'atod the~ rdth 

cal'bonata by the tit1c they reached tho un:)cr part of the nine \7hcre carbonates 

were abundantly c0posited at lesst dta':'ng the ti,':e of sulphid.e deposition. 

r.rhis sUg{.;ests that in the upper levels ~be i~luicl3 at this tirre could not 

easily replace .1i:nestone oven \,fhcn this rock v:ciled the chEor..nol\:,8Ys. Along 

the Blacksmith fault ore see~5 to have replaced only quart~ite and ear17 

silicatos .. 

The first a."tploTutions at least should be concentz-ated ncar the inter-

section of the que=t:'.ite y.rith the Blacbs::ith f2.ul t, on the southeast side 

of' the i"u111t~ and. in the qnar-tzite.. Ce::..~tain possibilities favor certain 

p::obably tr.ree bed.s of r.ml;hide 0)."'8 i n the n:Jrth Gray T::....<!J.y be the top of 

better grour..c unexplo!'cd down the dip of the (r<laI'tzite and !lIang the fault. 

The flattening could h.ave pro:lotod a groctel' c.7ushing and drag of" the quartzite. 

L"'lothar poss'3.'bi1ity is ulo:r;.g tr~c Ble.cks~ith fault. On the !lorth Gray 

level is the fi1~st disclo::lzd :'mportr;mt showing of ore on the r~ul t. This 

is fine sulphide ore of good graue o 

p::"opol"tion to tho leBd thsn they are in the 0::$ in the q'.l.artzite along the 

bedding.. Conditions ';lay imI;.:-ove in depth 0:0. the fault possibly because the 

solutions were not so inert to li;;lGs~jono at the greater depth for presumably 

they had not passed thro'J.gh so much or this type Of ·Tock. 

The locations and assays of s~;~ples taken by F. ll. Lerchen for the 

Eagle Pitcher Company are avaUable. These sa:Jples weremarkod on the 'ground. 
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f.hl~ were improperly taken. For c:·:£.:iplc, so~c ';;".;);rB cut along the veir'..s or 

along veinlets. N'e'\Te!'theless, others .. ere cut across the veir~s · .. ;ith deept 

regular ch::mnolz. A c3rtain nlli;;b::r of these '1'701'0 solcctedl) after cazoeful 

insp~~Ct.iOll~ as bei.'1g represatltuti\r'a of the "N_ /; ' .... D .,) 0.::.0' ~ "'<.J.. ;.\. • Seven were recut as 

checks by I:$ p{3rs·~nally f!tld ·1J7ere =~:Qpt :in a locked b~g until ~s3s.yGd. As 
v v 

will b.g notQd' on tho as;.;ay plan c}lsck s8r:iplQ3 501-504 inclusi-.,@ olosely 
. ~/ v 

correspond to the old assays.. The assays of sa!:lples 505-507 differ from the 

old sallples. These descrepanc:1es arc bscause llr.l channels were not. as wide 

across the '!,tam as Lel-chen' s, a~ well as because the fissure ora from which 

they were cut contair~ so~a high grade bun~1es O~ kidneys up to 2-3 ft. in 

diameter. 

The assa,Ys and. mapping revealed fom· 1'.1ineable showiZlls of.' ore Oll the 

north Gray level (llaps K and n).. These have beon nUl'J.bered blocks 1 to 4. 

Block 1 appears to be the replacemtmt of a bed of quartzite. The posit.ive 

ti ....,' . . "'5 ':I 0 ..... ( , ., 1 '1' t .. '.1."1..) see on 0": "t111.8 ore J.S:> x ....... ') ~ I; sz.r:lJte eng"cll cy ru.c ve:::..n ·';~(lt..u 

making 100 2 tOllS per dip footjf but the stri.~e length may be 55 ft. greater 

(Map:l H S1d K). The grade averages Ag 1.39~ Pb 11.14, Zn 3.54, Cil 0.19. 

It is clean s·tllphiJ.a ore. 

Block 2 is the rep1ace:n0nt of a second bod of C[.ls.rtzits noxt to'Sard 

the hanging 't;:n.ll.. The positive and p:robable scction is 100 by 4 !:laking 30.7 

tons per dip foot. This ore averages Ag O .. 49f} Po 9.9, Zn 6 .. 59, 0..1 trace and 

is c1e&:c SUlp!lide ore:o 

Block :3 appears to be the rcpluc(ment, of' a bed fnrth2Z' tOi':a.rd the 

hnngi..'1g wa11~ in fact at the C01.1tact of the top or the quartzite 'Uith the 

hanging wall limestona. This contact is favored by are at several places 

higher in the mine sl1ch as on the Blacksmith edit level and. on tha Kasper 

1evel;nevcrtheless$I since the oro is adjacent to a mineralizing strand of 

the cross-fault and 18 not mtposed for more than .n. few .feet clong the strike 
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Ahny were improperly taken. Fo~ C:·:.D.:lplc, 50::.10 'r,~ro cut alone the veir'..s or 

along veinlats. N'e've!·theless, others " .. ere cut across "the veir~s.dth deept 

checks by 1:$ p·ors·~na.lly atld Ylere z·:ept :in a lecked b~g until 8,s3syad.. As 
v v 

will c.g notQd' on tho 2s;;;ay plan C}13Ck s8r:,plQ~ 501-50/'i' inclus:::-N1 olosely 
. ~/ v 

correspond to the old assays.. The assays of sc'!:1ples 505-507 differ from the 

old samples. These descrepanc:1es are bscause llr.l channels were not. as wide 

across the vein as Larchen' s, as well as because the fissure ora from which 

they were cut contair~ so~e high grade bun~1es or kidneys up to 2-3 ft. in 

diameter .. 

'rne assays a:ld. .mapping revealed fOUl· r.tineable showi~s of.' ore on the 

north Gray level (Ilaps K and lJ.. These have beon nU!'Q,berod blocks 1 to 4. 

Elock 1 appears to be the replacement of a bed of quartzite" The posit.ive 

section of this ore is 35 x 3,,8 ft. (strike length by tru.e vein -.'.'iath) 

making 100 2 tons per dip foot~ but the strll~e length may be 55 ft. greater 

(Mapll H <md K). The grada averages Ag l.39~ Pb 11.14, Zn 3.54, Cil 0.19. 

It is clean m.uphid.e ore. 

Block 2 is the rep1ace:n0nt of a second bed of qu.s.rtzits next to'Sard 

the hanging 't;:n.ll.. The positive and p:robable sect.ion is 100 by 4 !:laking 30.7 

tons per dip foot.. Tilis ore averages Ag O.49 f1 Po 9.9, Zn 6.59,. Ool trace and 

Block :3 appears to be the repl<.1c0,,~ent of' a bed fnrth21" tOi'!a.l"d the 

hnnging wall, in fact at the COl'ltect of the top of the quartzite 'i1ith the 

hanging wall limestona. This contact is fuvored by are at several places 

higher in the mine sl1ch as on the Blacksmith edit level und. on the Kasper 

level; nevertheless$! si..l'lce the oro is adjacent to a mineralizing strand of 

the cross-fault and 15 not oxposed for more than a few feet along the strike 
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of' the bed, only a few'tons per dj:) foot can be called positive, say not 

over 15. The ftbcdtt r'r:::;.iJars to b~ 12 .. 5 fto thick. The grade is l!.g 1.44, 

Ph 8.8, Zn 6.2 end Cu .09. Such a grade, since it is low in silva:r and 

copr-el"', is more cOL1parable to the bedded tr~'1 to tho fissure ore. 'rhus 

compare Blocks 1 and 2 \'[ith Block 40 

1310ck 4 is orc s.lon~; strfu'1d G-l of the cross-fault (;'Je.ps 11 and K). 

The positive section is 80 b3T 3.27 making 20 tons per dip-foot. The ave:rage 

grade is Ag 3.00s Pb 12.2~ Zri 10.3 and eu 04011 It is clenn sulphide ore. 

The vein stands naal'ly vertically» the w;;uls a~e limc3tone and a ra.ise of . 

unknown height r...as been put u? on the sGut,hw·ast end of the S!1oot. 

A showing of ore can be seen at P0l...'1.t i<R~ (~8.p il), but it does not seem 

ir:portant. 

The total positive tons per dip-toot. of blocks 1, 2, 3, and 4 is 76. 

The average grade of the expos9d sections of blocks 1, 2, and 4 is: Ag 1.45, 

Pb 10.85, Zn 7.32 ar;d en 0.15 .. T119 average ".'1idth is 3117 ft. The assays 

of Block 3 were not averaged in because only thl'ee s~ples ~ere useable. The 

aV010sge assay~ h01lie~ler, is nea:dy the sa::1C as the average of tho othel~ three 

blocks. It should be fair to tah~ an up and dorm. dip extension on these 

ore blocks of 10e ft~ and calling this 1)ositive and Drobable ore. . ~ 
This 

amounts to 7600 tons of the above grade andwid·::'h. / 

The Blacksmith adit "as inaccessible to me at this tir;:e, but sor~e old 

notes by C. A. Rasor in acUition to s;)r::e of rI1'J O"."In show that the tforo!i lies 

clang the top contact of the Ii ill top qu£u."'tzitc.. It is 35 rt~ long and 4 

to 6 ft. wide. Ono end abuts e stl"m:d of the Blackswith fault zone. The 

tons pel- dip foot are around 13. .ll. winze has foD.owed this bed do\'.'l1 50 ft. 

so thera is '8. positive tonnage of 650 und sny a like amount of probable 

tonnage. Cross-section 110. 1 suggests t.hat on this i.'1tersection this ore 

may extend to the Kasp8r lovel for a sioilar localization occurrence is found 

on ,the latter level Olap F). At the bottom ot the winze Larchenfs sample 
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of' the bed, only e. few'tons per dj :,~ foot can be called positive, say not 

over 15. The I'lbodil i:.,{~:;'<Ja.rs to be 12~5 ft .. thick. The grade is ;\g 1.44, 

Pb 8.8, Zn 6.2 end eu .C"t. Such n grade, since it is low in silver and 

co;r[;er, is more cor,1parable to the bedded tr.z.n to tho fissure ore. Thus 

compare Blocks 1 and 2 with Block 40 

DIeck 4 is ore along strfu"l.d G-l cf the cross-fault (:-Japs r:r and K). 

The positive section is 80 b:;r ,).27 Dakin.:; 20 tons per dip-foot. The average 

grade is Ag 3.00$ Ph 1202, Zn 10 0 3 and eu 0400 It is clean sulphide ore. 

The vein stal'lds nearly verticallY$ the r;"llls are limo3tone and a raise of . 

unknOim height has been put u? en the sout.hwest end of the shoot. 

A showing of' ere can 00 seen a.t poL'1.t i~R~ (Uap H), but it does not seem. 

im.portant. 

The total p.~sitivo tons per dip-foot. of blocks III 2, 3, and 4 is 76. 

The average grade ·of the exposed sections of blocks 1, 2, and 4 is: Ag 1.45, 

Pb 10.85, Zn 7e32 and Cu O.15~ TI19 average width is 307 ft. The assays 

o£ Block 3 ~erc not averagod in because only thl-ce oaoples were useable. The 

aVel"Ege assay ~ how$\"'"er, is nearly the S5.::'C as the average of tho othel" three 

blocks. It should. be fair to tab,~ an up and dorm dip extension on these 

ore blocks of 100 rt~ and calling this p~sitive and probable ore. This 

a:lounts to 760'0 tons of the above grade &"'ldwid·~h. /' 
The Blacksmith adit \"las ir:accessible t.o me at this til;;e, but sor~e old 

notes by C. Ae. Rasor in addition to s~r:e of rFJ O'7lZl show that the ttoreQ lies 

clong the top contact of the rIllIto? quartzite.. It is 35 ft. long and. 4 

to 6 ft. wide. On;:; end abuts a stra::d of the Blackswith fault zone. The 

tons pOl" dip .foct are arou!'ld 130 A winze has foD.owed this bed do'\;.'11 50 ft.. 

so there is 'a positive tonnage of 650 and say a like amount of probable 

tonnage. Cross-section no. 1 suggests t.hat on this intersection this ore 

may extend to the Kasper lovel for a siwilar localization occurrence is found 

on .the latter level (r,tap F). At the bottom of the winze Larchenf s sample 
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No. 23 assayed a.s follo'Ss: 6.5 ft..; Ag 6.00, Ph 21.30, Zn 12.60. As before 

noted this ~ol"en is st.rongly ozidized ~:.l1d contains oxidized copper minera.ls. 

The metals proba.bly cm:not be sepa.!'atecl and concentrated by known methods. 

The copper also prooobly precludes i'cs 'Use i'o~ paint at Coffeeville. 

The tons of ore per dip-foot of the north Gl~ay area (76) is ncs.rly the 

su~e a~ on t110 corresponding area OZl the l{aspor {i'here t11G tons o~ oxidized 

o1'e per dip-foot weTe around 80.. This c0r:parisoTI$l the appearance of mineable 

01"0 on a. f£u1.t strand 'in li!!!cstone u.\-.;.d t: .. o ::101'S .f;,"!,vor:::ble strud,ural conditior.s 

due to the flattening of the dip of the quartzite I thirik justifies optjmisu 

as to the geological possibilities for ~::lclitional ore in the category oI 

t1geologica11y pro spect ive:t .. At lC<lst 300 i't .. of oxtension on the dip can 

be expected for the quartzite. Ass'!L;'1ing the bedded ore uould extend that 

far ~~ have 8200 tons fo:- blocks 1 and. :2 in !!d,~ition to the positive-
. It:. 5"OD 

r.robable catcg';)l""'J4o Ii' hlock 3 is in fact a bed we can add JZ7'.3'50 tons , 
. t· ~ 1';' ~ -0 .... t... ~p . rl i J:O ~ eSSUln:ll'lg a sec J..on OJ.. ~:;{; .Lv' equJ.va..l.en ",0:;40 'Vons per ... p-:LOO",~ 

I am especially optiw:lstic about the fissure ore. Just below block 4 

on tho Rehm. level a new 17 ft.' raise en a strunG. of the C!'oss~f~ult has 

exposed one foot of high grade s;'llphide ore. I think We are 1{';.'n:rranted in 

as~~in:J a 300 ft. up and down dip exten~ion for block 4. This adds 4000 

tons to the !'igeologically prospccti7eu category .. 

I{ec:n·vi't~.lJ_ ~ .. tion of Crrs Res:]r-~';~1S" 

Bleck 1 
310ck 2 
Block .3 

.. Block 4-
Totals 

Positive £:: !"rob.:::.ble 
1,000 
3~lCO 
1,500 
?:..1.GGO 
ry "00' . , (;" 

Geologically Prospective 
21>000 
6,200 

16~500 
j,'J000 
23 p700 

The average gl"ade of positive ar..d pl"Obable of Blocks 1) 2 and 4 is 

Total 
.3,OC.o 
9;300 
lS~080 

6,00Q. 
,36,300 

width 3.7, t>.g 1.45; Pb lO .. es, Zn 7.J2~ CU 0.15. There is no appreciable 

tungsten or bis:luth. This is all clea."1 sulphide ore. 

The wea.kost ite:n in the above tabulation is block 3, one of the largest. 
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No. 23 essayed as fol1o~s: 6.5 ft..; Ag 6.00, Pb 21.30, Zn 12.60. As bofore 

::lO'Ce-:l this ~oret1 is strongly oxidized m1d contaiz:.s oxidized copper minerals. 

The metals p:-obably cannot be separctecl and concentl"ated by known methods. 

The coppa!" else probnbly precludes H,s 'Use te~ paint at Coffeeville. 

The tons of ore per dip-foot of the north Ch~ay arca. (76) is nearly tho 

SU:;1e a:.> on tho corres-ponding area on. the Kasper '?i'hero the term of oxidized. 

ore per diF-foot were around 80.. This c:)r:parison$l the a.ppearance of mineable 

due to the flattenin.g of the dip of the quartzite I thi:ck justifies optimis::l 

as to the geological possibilities for ~;:1ditional oro in the category- of 

tlgeologically prospective tl " At lC2..st 30.0 ft .. of' extension on the dip can 

be o:{.pected fer the qun.rtzite. Azs~'"l.iI:g the bedded ore uocld extend that 

~ar v;"G have 8200 tons f01· blocks 1 a..':d 2 in !!cL':ition to the positive-
. It. S-OD 

probable catcgol""J.!i' h10ck 3 is in f.:lct a bed we can ndd J.;2;:r.3€O tons 
~~ &0 

assuming a seetion of .f;::<: leO equivalent to ~0 tons per dip-footi> 

I am especially optimi.stic about the fissure 01"0. Just below block 4 

on the Rehm. level a. new 17 ft. raise en a strund of the cross~fa.ult has 

er~oscd one foot of' high grade sulphide are. I think We are ,;:arranted in 

aSS"'.:l:.:till!"& So 300 ft. up and dorn"! dip extension for block 4. This adds 4000 

tons to the a'igeologically prospcctiven category .. 

Bleck 1 
310ck 2 
Block 3 

.. Block 4 
Totals 

Positive &: !)rob.:::.ble 
1,000 
3~lCO 
1,50Cl 
:?':1.0f:() 
7,60:0 

Geologically Prospective 
2~OC(J 
6,200 

16.\1:500 
j,:>,OOO 
28 Jl700 

The average grade of positive ar..d probable of Blocks 1, 2 and. 4 is 

Total 
3,0:0 
9;.300 

18~OO() 
6,OOQ 

,36,300 

width. 3.7, ag 1.45, Pb lO.e5~ Zn 7 .. 3'21) eu 0.15.. There is no appreciable 

tungsten or bio::.'Uth. This is all clell..'1 sulphide ore. 

The weakest itc:l. in the above tabulation is block 3, one of the largest. 
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Throwil"lg out the f;cologicc.ll7 p!',:,s~ective tonnage of block 3 '1iould leave a 

total tonn~ge of only 19,800. 'i'£-.13 (!~;jy;arison indicates a.bout. the magnitude 

of th~ risk €Zl'.701ved q In othe:l:' ~i"OrJ.u::l tr;0 size of l.he ore resel:'Vas is 

Cl:'iticci.ly contingent upon the Qutco:nc of: cGrt!l.in deV'elopr;ent work • 

. P03SIBILrrIES }\OR ()RE n·~' .tlD\.iI":rI;J!i 'I ~) 'T!~~~l~ (11' 711£ af~f: BLOCKS 

,'1'11e1"0 s~em. to be thrce pl"incipal geological possibi1:'!.:/:,ies tor ore in 

add:'ttion to that given in the ore blocks. (1) The exton.sion of tho bedded 

ore dom:mard OE::l improve 1.":1 volus~. (2 ~ ' C'" , ..:I~ p 10' 01 ' :t 'h f ult i inc S1:.r01'h4.;:l 0.. '.,ne OJ aC'{S!!lJ. t.. a 

zone seem to r.~ve been inadequately expIaTed cO~3id0ring tte good ore exposure 

on strand. 01 on tho Grs.y level and the wiele distribution of spots of" sulpr..:1.des 

on the fault zone. (3) As previously noted there is a geological reason 

for hoping fer more extensive replace:nent of lirr.:estone in depth.. AffL.""'mstive 

outcome of these t.hroe prospects could double or triple the -tonnage available. 

The develo'[J::18n.t ot the .raul t strands rcay encounter heavy ground in places 

altbough the known fissure ora P-.as good 'walls. 

IJo other good prospect for cleal''1 sulphide are in addition to the two 

given above seem tO~3 indicated. by the geological fcct.s and their interpro-

tation. It lnsy be· t~at, the soutl1~estc!:'rnnc0t se3~ent of tb.a Clu.a.rtzite where 

it CDuts th,;; Dlac1:s111ith fault zone on th~ Hidden Trea~ure clain should be 

given SOJ::e'attent.ion, possibly by diamond. drilling .. Here the ore would 

presuBc.bly be oxidized for some hundreds of feet of depth. 

Blocks of clean sulphide ora might be encounterod along the intersection 

of the Blacksmith fault with the hanging wall contact of' the quartzite as 

shown on sect, ion Ho.. 1. 

RECi)'~~iXE}IDEl) DEVEI;:.J?l;.~J.t~IT' 

ffuezoepossible, of COlll-Se, developr:!cnt for new ore shDuld be laid out 

with an. eye to the dual use of the opening~ for oxtraction so far as that 

16 -

Throwi.."1g out the ecologically IJr.:;s~cctive ton:r.age otblock 3 woald leave a 

total ton.n1:.ge of only 19:;1800.. 'i':-ds cO;Jparison indicates about. the msgnitude 

of the risk en'lolved.. In other- wordo, tte size of t.he ore reserves is 

Cl:"iticelly contingent upon the outco:tG oi' certn:ln development .. ork • 

. There seem to be tbree principal geological possibilities tOl.· ore in 

addi.t.ion to that given in the are blocks. (1) The extonsion of the bedded 

ore aO':mr:ard ma.:Jr iri!prova i.."1 volu::lG. (2) The strands of 'the Blacksmith fault 

zone seem to r~ve been inadequately: explored corrsidering tl:e good ore exposure 

on strand. Gl on tho Gray level and the wide distribution of spots of sulpr&es 

en the fault zone. (,3) As previously noted thex'e is a. geological reeson 

for hop~g £el- mOTe extensive :replace7Eent of lir:.:estone in depth.. AffL.'""mative 

outcome of these three prospacts could double or triple the tonnage available. 

The devslop!:18n.t of the fault strands rr:.ay encoun-tm· heavy ground in places 

although the knctm fissure ere h"s good ~:alls. 

no other good prospect for clea.;; sulphide ore in addition to. the two 

given above see~ -to 09 indicated. by the geolo2icnl fccts and their interp:re-

tatic~. It >ilay be that the south'i7Gstcrnrnoo-r. seg:nent of the qu.a:rtzite where 

it abuts tb::; Blacksm.ith fault zone on th~ Hidden Treamrre claim should be 

given 50:::e· attent.ion, possibly by dia.mond drilling. Here the ore would 

presumc.bly ba oxidized fo!" some hundreds of feet of depth. 

Blocks of clean sulr,hide ora might. be encounterod along the intersection 

of the Blacks1:1ith fault with the hanging wall contact ot the qua.rtzite as 

shown on sect, ion No.1. 

~~re possible, of COllrSe, development fol:" new ore ~hould be laid out 

with an eye to the dual use of the opening~ for Qxtraction so far as that 
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is possible. Sot~a pTelimi~~r.;t z:·: ~:··t 11019 din .. ;:o~d drilling mig11t be done 

while rehebilitc.tion t~o!"1c \':as ZCi:lg on} but co:;:prcssad air z:r;lst be brought 

in in any case. VJith tbe 1":;8.1-'1 ::0-::' as it. i~ r a~~;-~!7!O s'peed. is critical so taS 

·to g'ot into early production. T}~~ j.s !'iilJ..be z0;:t'.ren b~r subordinating prelbL'1.&'"-y 

dri11ir'~g in this cas0; s1thcl1 t): eo:.:c driD~:Li1g ~~i11 be ne~ded if a t:1inze is 

.fi~'lally docided up.o:n.. Projocts ~A~ c-..r.d i'B~ and. r.:;.isc pr-ojects<lnU and "Ea 

level (Gray ",dit) ~ill beneG:i.:;d first so as to confir::l a."1d prepare the ore 

for extl'acticm. At tte cxtr~cticl1 st.age additional raises p of course, will 

ba needed", At fi1"st at loast Raises l?o. 4 (~Cl'a) end IIc. 5 (=0") will be 

retiznber1ng jobso 

Should the abovG vJork~ot31ing abo::,t 250 ft. of drift fUl"ther confirm 

reserves, g!":;;.da~ b-ads, etc .. p:;.~od:c.ct:ion could start at atrout this stage or 

e\""en earlier. '1'1:e winze snot:la. ~~; started as shown, project nE~. This 

should. be pr6ceoded by a fa";; sho:--t diawo:rd drill holes at stations Sl; S2, 

and S3 so as to locate tte horiz~ns ru~ tho oro in depth if possible. 

llbout 750 ft. of hole \,;otud be i::2eded and the .. inza might ba 350 ft. deep 

at around 35 d06~eas of dip.. Should this project be successful the winze 

then should be tapped. by a vertic::.l raise f:i"om the Reho. 'Ynis would take 

around 150 f't~ of drift and. 225 ft .. of' ~"aiseo Tne ore t1::en could be scraped 

or dropped into this rai;:;s for transport to the Rchm cdit portal. 

Lo!'.ger r",nge d':;velo;x~ent should lnclude drifts 8..1'1d raises on the !:lost 

favorable -stl~fu~ds of the Blac.k:;::ith fault. Thus a 125 ft. cross-cut ()jep H9 

project a:;'fl) cocld b3 driven on the Gr~y to reveal the .rull rIiclth of the 

BlackS::.lith fault ZOZle and ~c:iition.&l ninero.1ized strands 1£ any. 

The raise on tbe Re'ffi:l adit, project nau shculd be extended. .\6 before 

noted there is a foot of high g:-ade sulphide with 4 ft.. of' high temperature 

silicates in the top of this raise in limestone. 
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is possible. So;::e prelir::il:!l!',;' ::: ~::):: t hols dic.:::o::\d drilling mi~ht be done 

while T8hebilitaticn work \,as ;0:':;::; on, but cC:::-:Jrcssad air trJ.st be brought 

in in any case. Vrith the r~1 8.r1 ::-Qt ~s it, i~ :r a3G~t1!7!C speed. is c~itical so a.s 

lev"ol (Gray adit) ~i11 be . r.eGd.~d firnt so as to comir:::l a."1d prepare the ore 

for extl~action~ At t1:.e cxtre..ctio~l stage additional raises, of com-sa, will 

retimbering jobs., 

Should the above VJork~ot2.l:lng abo:.,t 250 ft. of drift fUl"ther confirm 

reserves, g:r:-&de~ b-ac2s, etc .. pl~od::ct1on could start at about this stage or 

even earlier.. '1'tD winze s1101.:1d ::;~; stnrtcd as shorYn, project nE~. This 

should be p.receeded by a few short dis.nond drill holos a.t stations S1; S2, 

and S3 so as to locate the ho=iz~ns ~~~d tho ore in depth if possible. 

About 750 ft. of hole v.'ould be i:Zcded and the <1inza might 00 350 ft. deep 

at a-~und 35 de5~ees of dip. Should this project be successful the winze 

then should be tapped by a vertical raise f?om the Rehn. 'Ynis would take 

arouna 150 ftl> of drift and 225 ft.. of ~"aise.. Tee O:!'e then could be scraped 

or dropped into this raise for transport to tho Rehz1 e.dit portal. 

Lo!'~er :t&T:ze dG'Velopmcnt zhculd j.nclude drifts al'ld raises on the nost 

f£;'vol"ablestl~:;md.s of the Blackn:::ith fault.. 'l'hus a 125 ft. cross-cut ()jep 119 

project a:;:;'Ii) cocld be driven on the Gl"C2Y t.~ reveal the .lull width of the 

Bhc.ks::r.ith fault zone and. ~~d.ition.&.l liliner&ized strands if any" 

The raise on the Reh::1 edit, project "Gn shculd be extended. .As before 

noted there is a foot of high g:"ade sulphide with 4 ft.. of hiCh temperatu.r~ 

silicates in the top or this raise in lir::estone. 
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Possible Hehl1bllitl1t:ion i ·~::~ ·:: d'8cl. 

The rG?: ti~ilitation neod8d and rc.2.c1 ::L:0.cry n::d equip~ent required for the 

minir1r;.l!:1 r~-entrJ of the cine say t2:3 dev01oro!:ont 170rk rccom.::nendod in the 

north Gray level - of course needs u npeci~l Gtudy that did not seem 

pertir.ent durLYlg this 1")£i~." tic".11ur c.s:-;ign';::lsn.t Q I-t tiould seZ:-j~ llcwever, that 

tho mim~ Qhou.ld GO WOl"ko..:i fron th8' Rob: 18ire1 f!,S the main haul ace level. 

This level is around 4CO ft. belo-sr the Gray which, or course, ?~ses special 

problems; includir:.g the difficulty of car1'ying raises th:rough to cor:tpletion 

for such ahaight, and the prob1e::.:: of getting ::len baekalld forth to tho Gray. 

For m6l"land mate4"ial the only facility for access no';1 is a tl"ail. Then the . . ". 

le~rth of the Rehm adit and the b::anch dl'ift toundGl"' the 0):'0 :in the north 

Gray, a total distance or 3600 feats ra.ises for~idible: questions of pipe 

line, tre.ck ,and haulage. T'ilese problems would be unimportant should there 

now be a large reserve of positive 01"0, but ti.:ey look snrious for: an enter-

'prise not far beyond the p~ospect stage. Tho scale of the ~ine is appropris~e 

ears for So large going mine than fer a prosPect. .. 

The track in the nebl~ is, :r believe, of 12 lb. weight only. It could 

be reconditioned so as to carry the battel;J locowotiveat moderate speed. 

Tho grad.e is !lot too bud, around .7 per cent, it is said. There is a 4 in. 

air line on the sU:{;,C level" but a tvst is ZOl..eedcd to reveal its true condition .. 

Iro one seems to know the cond.ition of" 'the ore pass to the Gray. Most of the 

tL'noor has probably fallen out)l which if so is a good thing, since it would 

in any case be rotten.. 'L'he first cars of \'1sste should knoe}: out any remaining 

timber. Once the raise 1s cleaned cut, it uould appear that a bulkhead 

with a chute could be built a:r.a the base of the raise alloWGd to rill in . .. ..; 

with wasta to the angle of repose.. Then~ latGr, the ore could be passed 

through and the Wc.ste than takan cut the Gray ad it by mule o.r81eI1 trains. 

There i.a 12 lb. rail througbout most of tho Gray level, but no a.ir line. 
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The rc:::e.::.ilitation nOOCL8.:! and ;;,acl;:'b.cry [.,:d. equip~ent required for the 

minirm.lZ ro-entrJ of the t:lh:e sa:r tD:; develor:::cnt TIol"k rccom:nendod in the 

north G~ay level - of course needs a Dpeci~l study tbat did not seem 

pertinent d~L~g this ~ould seo~~ however, thst 

This level is around 400 ft.. belo"", the Gray which, or course, poses special 

problems; including the difficulty of csnying raises through to completion 

for such a haight, and the proble:::. of getting ~en b:l.Ckruld forth to the Gray. 

For men and mat~J::.-ial the only facility for access nett is a. tl"all • . Then the 

le~Jt..~ of the Rehm edit and trlC b:-anch drift tounc0r' the arc .in .the north 

Gray_ a total distance or 3600 feets ra.ises for:::ddible questions of pipe 

line, track ,and haulage. These problems would be uniroportcnt should there 

now be a large r.eserve of positive 01'0, but. tile:r look serious for: ~"l enter-

. prise r.o~ fa.r beyon.d. the p:rospect s t age" 'The scale .of the r..dne is appropria~e 

more for a. large going mine than for a prospec"t .. 

The tl"ack in the Rehl:!. is, I believe, of 12 lb. weight only. It could 

be reconditiolled so as to carry the battery lccowotiveat mcdGrate speed. 

The grade is ::lot toa bad, around .. 7 per cent3 it is said. There is a 4 in. 

air line en the S!l:-{;.8 lsvel" but eo t~st is needsd to reveal its true condition. 

1!0 one seems to k>".d)W the condition of" t he ere pass te the Gray • Most .of the 

ti.'nber has probably fallen outjl which if so is a good thing, since it would 

in any case be rotten.. 1'ne first cars of \'laSt.3 should knee}: out any remaining 

timber. Dnce the raise is cleaned out, it nould appear that a bulkhead 

with a chute could be built !l:r,u the base of the :raise allovmd to fill in 

with ~asta to the angle of repose" Th(m. latGr, the ore could be passed 

through and the ~Ieste then taken out the Gro.yadit by mule dravm trains. 

Thero is 12 lb. rail througbout most of tho Gray level, but no air line. 
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The question of getting c:)::;prcssed nil" t.o the north Gray seo~s difficult .. 

Possible alternates include: (1) A pipe line up t~e slope to tne Gray 

portal and along the level to the n'.>rtl:J end, a total. distance of 4900 ft. 

This would be cxp,;msive and. req'...:h·e hm~d-to-get. pi~e.. (2) It the fct:r inch 

lino on the Reb!: can be u.sDd, po~;::;ibly a la:~Ge di~ond drill hole put up to 

the Gray should be dri.l1~d and used t., con!:)'0c~ the aiZ' linGs bet .. cen the 

levels.. Or e. linG could be installed ter::po:-nrily in the ore pass with or 

ldthout spe;;cial protect-ion. (:3) ;;1, :poner line could be ~ up and into the 

Gray and an umierground cOl:i<pressor insto.l1ed, but this is with the difficulty 

of gettir:g the equip21cnt up the 11111. (4) A portable compressor cO'G.ld be 

installed at the Gray portal 8.~1d pipe laid. to the face, a distance of 3300 ft. 

but this vtould save only l600ft 4 0:' pipe co:q~ared with alternate (l). 

The above a!'c the possibilities that OCCU1' to 1<10.. Since ail" may be 

evo~tUf!11y nSeQod i.1'l the Reln cnyl~ow method :2 may be the best.. The first 

methods uSl::d; it goes uithout saying, J!l"'Y very well be p:rovisio~l. The 

men 't'!ls.y need to vralk or ride up the hill .. 

If the property fL~n11y justifi8S it ~~ interio~ chaft doubtless would 

be "aisea fl~O~l the Rehm to the Gra~rtJ '21':0 haid would. be set on ti:e Re1-~. 

T):ds shaft n'dght well be u;:·ed for lo~\'ering separate clas6c·s of o:-e ar;t.l waste 

to avoid dividing the r.::ain Drs pass. <fhe pres~;nt ore passes a:re said. to 

h~ve ofr-sets in them or at least 6:'0 variously inclined,. If' so the]" cannot 

be ueed. ~s a elbaft .. 

There are onough houses and buildir,gs near the Rem'1 a.dit portal to t.-:lke 

cru:e of fairly la1"ga operation. 

As the e:{plcY'atlo1'1 is ad.vanced cons~.deruble undel"ground and surface 

su.."'"Ve~ri:1g will be ncedod.t:lore geological work should be done and a su..-vey 

and. appraisal of borde:dng a!:d outlying mines · and prospects should be sade~ 

In aor::.6 of these ore replaces li7l:estone. SOt.1C are near large intrusives. 
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The question of getting c:)::;pt'cssed nil" t-o the north Gray seo~s dif.ficult .. 

Possible alternates include: (1) il. pipe line up t1':e slope to the Gray 

portal and along the level to the n'.>:rth end, a total. distunce of 49CO ft .. 

(2) It the rc~r inch 

the Cre.j~ should be dri.llt:d and used t., con!:).oc~ the siZ' linGs betr;cen the 

levels.. Or a line could be i.'1stalled ter::po:-moi1y in the ore pass with or 

ldthout special protection. ( 1) _ ! pOi'l'~r line could 00 ~ up and into the 

Gray and an u.'1dergrou.'1d cOl:i<pressor instal1c·d, but this is with the difficulty 

of gettL-;g the equip21cnt up the 11111. (4) A portable compressor cot;,ld be 

installed at the Gray portal 8.:'1:1 pipe laid. to the face, a distance of 3300 ft. 

but thisv,ould save only 1600 ft. 0:" pipe cO:ilpareu with alternate (1). 

The above al'e the possibilities that OCCU1' to 1<1e.. Since air may be 

men ms.y need to w'alk or ride up the hill .. 

If the property f~~n11y justifiDS it ~~ interio~ cbaft doubtless would 

hoid ..... ;"uld. be set on ti:e 

~~el1 b-e USed for lo~\'oring separate clas6c·s of o:-e a::-~ waste 

to avoid dividing the r:.ain orc pass.. <the pros~;nt are passes are said. to 

h~"le orr-sets in them or at least 6:'0 variously inclined,. If' so the]' cannot 

'be used. ~s a obaft .. 

There are onou.gh houses and buildir,gs near the Rem"i. adit portal to t.;lke 

As the e:9lc!'atlo1'1 is ad.vanced cons~.deruble undel"ground and surface 

sll.."'"VeY'ing will be nceded.~ore geological work should be done and a. su...-vey 

and. appraisal of borde:dng a::d outlying mines ' and prospects should be sade~ 

In 60r:l6 of these are replaces li7cestone. SOt.'lC are near large intrusives. 
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Tne milli.'lg of ~~e ore on tbe nortl".l. Gray should present fe77 diffic-uJ.ties. 

The ora is clean, no oxida.tion of CO:i.~3c.;u:encc wss noted. The fiss-are ora 

contains coppc:r- but this is largely 1..'1 t~e fo~~u. of sulphide. 

In most cases tee ild.nh'~g C2.n be done i."'l open StOP.3S with or without 

stuDs. The walls are good in [;lOSt. of the groand .. 

COSJ.~S 

Let us assur~e thut :11' any <=.ction i~ taken or.1y the prelir:li.rmry develop-

ment work will be autho:rizec:l and thnt mro exto!1siV"e plans will hinge on 

this. In this case my suggestion is that the Rehn 4 in.. a.iT line be tested 

and repaired" the ore pass raise cleanzd out and a two inch pipe be L'lst;.;e,] 1 cd 

in it and then carried o~ to the ~rea of interest ill the north Gray. 2~OJO ft. 

or 2 in. pipe will be needGd~ .i_ ',;a i'a.rthOl'" nssune that ';73 cannot USe any 

of the eqaipment at the el'lt:ca!1cG to the EBhfil then a diesel compre::;sor t~itll 

say of 420 cu. ft.;r capacity will nczd to be rented or purchased.. The cost 

or startL~g up then wo~ld be sbout as follows: 

E·t1l3:!. r-t':8 n~. 

25'000 ft" of 2 in.. Galvaniz&d pipe @50¢ 

1 

1 

1 

1 

Cat~pi11ar Diesel Cospresscrs skid mounted, 
420 cu.. ft... ( [I'aa Imrel), plus freight 

lynGr (311) 

stopeI' 

sini(e:t" . 

Miscellaneous cquipment~ tools, etc .. 

ReDA.it-s and. Irt3~Jal1at:l.on 

Prel~~i!uu~Jclep.n up repairs, inntnl1ation 
estimated ZOO shifts @;~12000 

Supe!~isioni enginer~rb.g work, etc" 

Contingen(!ies 

20 -I 

$ 1,000.00 

10~COO.OO 

850,,00 

650,,00 

3:30 .. 00 

3,000.00 
~l5$8.30.00 

$ 2,400.00 

1,500.00 

2~OOO.OO 
$ 5,900.00 

The mil1:L."lg of the ore on north Gray should present few difficulties. 

The ot"c is clean, no o:ddation of cO;I.:Jequencc was noted.. The fiss-are ore 

contains copper but this is la.rgely il'l t:::'e fo:.:-D. of' sulphide. 

In most ca.ses the minil;g c:m be done h open stopas with or without 

stuDs. The walls are good in r~Dst of the groand" 

COSTS 

Let us assw.:e that if any ~ction taken or~y the prelininery develop-

ll"~ent work will ba s.utho~ized and tr...a.t wore extorlsi'le plans will hinge on 

this. In this case my suggestion is that thG Rehn 4 in. e..i!" line be tested 

and repaired, the ore pass raise cleansd out and a tuo inch pipe be i..'"lst;ql1ed 

in it and then carl~ied O:!l to 'the area of interest in the north Gray. 21)0',:,)0 ft. 

of 2 in. pipe will be needcd~ i_ ; ; a iurthi:l'" nssuna that ~s cannot use any 

of the e~~ipment at the entrance the E-ehra then a diesel compressor ttt!i tjl 

say of.' 4,20 cu. ft~ capacity will nC8d to be rented or purd:ased.. The cost 

of' sta:rti..'7ig up then would be about llS follows: 

2,000 ft.. of 2 in .. Ga1vnniz~d pipe @50¢ 

]. Cat.t.::pillar DieEel COfJpreSSor9 skid mounted, 
420 eu .. f"t" (sea level)1 plus freight 

1 stopeI' 

! sinke.:t" . 

Prel:!.mina... ...... .r· cl .. ~:>..n up repair's~ 1T11tal1ation 
estimated ZOO shifts @;;~12000 

Supe:r-visiO:L, engine'3ring work, etc. 

Contingenqies 

20 -J 

$ 1,000.00 

10,000.00 

850 .. 00 

3:30.00 

3,000.00 
~15$830.00 

$ 2,400.00 

1,500.00 

2.000.00 
$ 5,900.00 
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Cost of f..rc11 fn h :ar-.r Drift.; ng, 

250 ft. of: drift. equivalent to 500 shifts %~12eOO 

Supplies j diesel oil, etc. 
'('f"he<!a t'-:7o ite~s ,!?'I"C ""'('ui'~ ' " "'7>t ........ --.. ..... - ~ "1 ...... " .. - .. ~ ...... 

... • , • 1, 1~' " ) a r~., W.!l~C._ SGe::lS .a -,J,- T'l c'; !1'e-.. 

\A io '" . -J 

, ,~)2,G,o 
to soou~ ;12v .. €O 

Supe.rYision, overhead, etc o for tb'se mO:::lths 

C"nti:nge~cies 

'l'otu foZ' 5 mnths pc:::-iod to do 250 ft.. of -worK 

$ 6,000.00 

2,400.00 

5,OC0.00 

S . C'JC~'CO 
~H:;,400.0'O 

Z:;40$130.00 

!{.B. PEost of the eq'Jip::18nt would be only Glightly used aft.ar 
this work v;a.s done and 75 per cent of the origil'12.1 
p?ice should be recovered. 

ESTr:~~\Tm ~)UTC~) :~E :-f""l.... :"\. Y"', ~""t 

\~.J f'c f...q~ 

!Er. J. E. Taylor S::l.ys thc.t ore of' the eVGrage grade and. c!".:.3.raeter of 

Blocks 1~ 2 and 4 (..>;.g 1.451\ Pb 10.8;;., 211 7.32 and eu 0 0 15) 'SQuld give about 

the following outco:ns <71:ore 20,; of the eil'!:;r, 85% of the lead, and 9~ 

of' the zinc is recovered by rdllil1g a:.ld prices are 17.5 cents for zinc 

end. 16 cents for lead. 

Silv·er 
Lead 
Zine 
fJ ill ing 

0l30JTt 8 ... 

Freight from S~~ Simon 

(. 
.~ 

Cl'" 6 I?J:.. 
a~ ~1Q 

20,,18 
10.Sa 

$ 31)75 
~2.50 

N.B. To take advantage of lO~7er freight from San. Sir:.on;; 

pal. 

$25.09 

t,,!-iz.ona as againGt Rod.co, tJ0~:7 rie:cico a loading platform would 
nsed to be built at San Sinon~ This wo\ud cost ~bout *500.00. 

D:1I'Gct G-:)sts 

Small scale min~,ng costs sbould r.ot exceed ~~lO\lOO a ton fOl-' the breaking 

. can be done in open stapes with o:r.J.y stull and pla.* timber needed. The 27 

mile, down hill, truck haul to San Simon nt 8¢ per ton mile ~iol!ld be t2.16.; 

P.oyalties could be 10]'; of the net mill return or $2.50. Sevoral additional 

100 ft. raises in ore will be needed w1;en oini:''X1 starts but these should pay 

their way. ' 21,-

-' 
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250 ft. of drift equivalent to 500 shifts t2}12 .. 00 

Total fo!:' 5 mnths period to do 250 ft. of work 

$ 6,000.00 

2,400.00 

5,OCD.OO 

s . o·JC~·OO 
$18:1 400• 0'0 

!{.B. l'Eost of the ecr<1ip:;e;:.t would. be o:t'l..ly Glightly used art.er 
this work v;a.s do::.c and. 75 per cent of the origi!121 
p?ice should be recovered. 

!£r. J. H. Taylor says t::.a.t ore of the eVGl:'age grade and. character of 

Blocks 1;> 2 ana 4 (~';,g 1.45 ,1 Pb 10 .. 85, 211 7.32 and eu 0.,15) would give about 

the following outco:nc y;:hore eO;; of the si1~l:;rJ) 85;:; of the leadll and 9O;~ 

of the zinc ' is recovered by mill i ng and prices are 17.5 cent.s for zinc 

and 16 cents for lead. 

. Silver 
Lead 
Zine 
L,;t:llling 
Freight from S~~ Simon 

c~" 
($ .,9$ 

20.,13 
10 .. $1 

$ 3~75 
=.2.50 

N.B. To take advantage of Io;';.;;r freight from Sal'l Sir:.on:t 

Bal. 

!".rizona as againGt Rodeo, !JG'zt (he::xico a loading platform would 
nBed to 00 built at, S~:m' SiDDn~ This would cont about ;}500.00. 

Small seale min:tng conts sbould not exceed ~>lOeOO a ton fOl- the breokin.z 

. can be done in open stapos with or.ly stull and pla."1k timber needed. 'The 27 

mile, doan hill, truck haul t.o San Simon at 8¢ per ton mile would be ~2.l6. 

P..oya.lties could be lO:~ of the net mill return or ~2.50. Sevoral additional 

100 ft. raises in ore will be needed wi:en owl:\\.; starts but these should pay 

their way. ' 21-! 
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:1inL~g 
Tr-uc}; h!!u1 
Royalties 

$ 10.00 
2016 

--2. .. .2P. 
;} 24.66 

.... I i 
. ;'" ~} " 

""'!._ . ; ... l 

Thus there is :"! balance of' t~10.43 for profit after the rehabilitation 

and develc;;::umt (c$.pi tal cha.1"ge '1) is s1!btrnct.ed. Ii: tL1is <3arly capital ('?) 

char-ge is di~itrib1!ted to the 7600 tons of posit.ive and probable. ore it 

<l!1l011!1tS to $5~2S a t.on leaving ~-5 .. 15 for profit. 'l'his, of course, would be 

of' little interest on such e st!1a11 tom1e.gc considering the risk. But 

obviously it could be larger per ton if the 11 geologically prospectivc'~ ora 

is cOllfirmcd because of the better ecor;'o,Is:y il'1 larger production nnd the 

smallel' capital Krite-oi"f per ten" '1'1:15 n'ill depend sOOle'.'ihut on a dif'fic-dt 

factor to estimate, the cost of developme:'lt ot new ore. 

SU;·t.lliAPJ 

1. The Hilltop mine i"orl"lorly produced a. little ;lore. thlln ll~OOO tons 

ot oxid:lz~d lead ore aiteraging about 23% leadand 5.0 OZ9 or silver fraIl ore 

bodies scattered. ovarsavoral miles af mine workings. Few s-wpesexceeded a 

thcusrmd. tons of production and most produced under 500 tons. Nost of the 

production was i'l"Oril the Kasper suit level .. 

2. .An extonsi-va cxar~ination and appraisal 'bJ' me indicates that the 

general geology is about as outlined. byDl·. C .. 13 .. Berkey in 1920.. The ore 

so far -ol'oducod ar..d 1..."1 si2'ht replaced QU8!"tzitc in a 65 ft. bed of Quartzite .. - - .... 

where this is cut by cross-faults a"ld distUl"bed by Dcddil1.g-plllne fa;.:lts. 

IJost of the ore :clncd and in sigll t is in the qua:r-tzita adjacen.t to tho south-

eastcrr.:-zost strand of the 131acksrE.ith fault. This intersection is favored 

by are fror:! the Blacksmith adit down through the Kasper adit level and down 

to the Gray arlit lsvel. The intersection is not present on the Rehm or 

lowest level becau.~e the bedding there flattens tozel"O degrees. The 

BlackSmith ,fault, however, cuts the Rehm level and there it is still 
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:iin:L'"1g 
Tr--uc};: h~u1 
Royalties 

$ 10.00 
2 .. 16 

--2:.~O 
~ 14 .. 66 
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ThUG there is a balance of f~10.43 for profit after the rehabilita.tion 

and devGlo;::nent (c=..pi tal c11a..rge 1) is su.btracted .. Ii' this early capital (?) 

ehai:'ge is di~.1t:l.'ib1..i.ted to tho '7600 tons of positive and probable. 0l"C it 

a1l0U!lts to $5~2S a ton J.eaving ;;;:5 .. 15 tor profit. 'lillis, oi' cOUl.~se, would ba 

of little interest en such E. st:1a11 tOfl .. ne.ge considering the risk. But 

obviously it could be larger per ton if the ~geological1:r prospectiva tt ora 

is confi:"!ncd because of' the oettel" eco:;r:fY!I:::l i..'1 Itt.rger production a.Vld the 

smaller capit.al write-off per ton.;J Tl~is t;'ill depend. S0:18whut on a difficult 

factor to estimate; the cost of' developme~1t of new ore. 

1,. The Hilltop mir.e f'or"'~rly produced a. little r;lore th~n 11,000 tons 

of oxidiz~d lead ore averaging abou.t 23% laadund 5.0 C30 of silver fron ore 

bodies sC:lttered. ovar zeveral miles at: mine workings. Few stopesexceeded a 

thcusund. tons of' production and most produced under 500 tons. Most of' the. 

production was fl"t)m the Kasper suit level .. 

2~ An extensi· .... e e:~a~ination and appraisal b'"/ roe indicates that the 

general geology is about as outlined. byDi·. C .. Bo Berkey in. 1920" The orG 

so far prod.uced ru:d 1..'1 sight replaced quartzite in a 65 ft. bed of quartzite 

where this is cut by cross-faults a.."1d disturbed by heddil'lg-plane fa~lts. 

z!:ost of t he ore rdned and in sight is in the qual"tzite adjacen.t to tho 50uth-

eastcrn:-aost strand of the 13lacksl1.ith fault. Thisll1tersection is favored 

by ore fro:!! the Blecksmi th adi t down through the Kasper adi t level and down 

to the Gray adit level. The intersection is not p:!'esent on the Reh!:l or 

lowest level becau::io the bedding there flattens tozel"O dcgre\Zls. The 

BlackSmith .fault;t however, cuts the RehIll level and thore it is still 

22-
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01).4-. ..,.,..",1 ~ '7""'~ b~' _~ .. 1..4.-. ................ J s:Jlp~ic:.es 
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::-''''"\1''' _.<,< :'3 ~ ....-. 

is t1:o n::iin !'Jl.!:ercilz.i:c.J ~hG.r..n.cl. 

lirr:~;]stor.o walls • 'l'b.e Blacksmith fault 

J. The ore 0:1 tl:e l1artn G':-2Y level occurs as a. replacGment of two or 

thr·z'c beds in. t!le q:.lurtzite ar~d c~:e ore body :::~cl::-laces li::.estone along n 

strmld of the Sl~c~s;:u:Lth f'aclto Four s::all ore bodias ~how a total positive. 

crocsu!'e or socti.on of 76 tOl:S :;er diu foot.. 1';':0 ;~rade of thi'-l aVal'"8.5!es .. -... - -
~-omrl "!lg 1.4, Ph 10.$, z...'l 7 .. 3 ~:'1d Cu O~15.. A~S''':'":jing a 100 ft .. up and. do"¥:n 

dip e1~t.cnsi;m fo:' all fo:;.1' O:~8 b~dics 7:0 have 7600 tons of: positive ani 

proba.ble ore. I esti:-::utc th.-:rt. G.OO: ::..:::~1i tio:1al 23:1700 tons r:.!1J.y be put in the 

catcgor-l o£ ftG901o.gically- p:,"~sp~=;cti~J'C'',!l £il11 ,;eological conditions-sug .. ~es.t 

that sti.ll l:1::ire ore r.lD.~l be f:):.::::d. on t~he o.:lsis of a i'a'Voreble risk of' davcloz;-

mont wo::k. Tho grade ',!:ae dokl'w.:':~ecl b:.' using oli aSi-;c.y data checked by m6 

~J rc-moili~g the fOl~~8:::- za:1plc ch.an::cl!J. 

4.. ! e...".l zoioratel;r opt:~stic about the prob~~ble outco:~c of new 

dovclopr.!Ont work.. 'l'hiz is based on tho ap;J<i1'ent b-~ttel" and 1:0:'10 clear-cut 

CO:lC0utratio.!l of the 0:;"0 en t::.c G:,·a:.: level~ the probability' of improvod 

breaking and bl"ccciation of the qua:-tz.ite in depth due to the .flatteni.ng or 
the dip$I ru.1C. the pl'obability of :L:provc~::mt;, of lineston6 as a host in depth, 

althouJl! thiz c:>uJ.d 'be off3e~ by tll~ qLlartzite becoming r.!or·e resist'ant to 

reDlace=.ent in de-nth .. . . Further, I thL'11-: that since the Blacks:::dtn fault 

zone contai .... ls 01·8 t:;-pe mL':oral:2z3tion for a strL1.ce lenGth of' at least 1000 ft. 

in the X.!:;.spel· level and a dip ler~3:th of at least. l2Sa ft. it has not been 

adequately teste-j by the p!"e!!.e::.~~ t:or~:inGsCJ Several large ore bodies on 

this fault could t.illve been mis;;;ed b'i the present workings. 

Against undue cptliliSltt 13 'o:f course the fact that extensive development 

has revealed only small ore bodieS to dato. Xevertheless~ I thir:.k tl;.e total 

potentiality of the mine for ~ew ore may be est1nnted at 100,000 tons. 

23 - \. 

miner:)lizcd by :3 licr:-C!stor.c walls. 'i'b.a Blacksmith fault 

thr·z'c beds i:o.. t!:i9 q:.lurtzite alld c;~e ore body ~~c,;:-laces li::.estone along n 

strand Four s~all o~e bodias show a total positive 

cy'?csu:':'e or socti.on ot 76 tOl:S per dir; foot.. '1'1:0 grade of thi'-l averages 

probable ore. 

that still c~re ore ons' be f:)1.::::d. an t~he b.:lsis of a i'a'Voreble risk of .dnvelop-

mont wo=:k. 

, ., 
C.:1Eln::C.l.3. 

4.. ! e..".l zoiora~.;,el;r opt:C:::::stic about the prob~'l.ble outco:,;c of new 

This is based. on tho appm'ent b-:;ttSl" an.d 1:o:::'e clear-cut 

CO:lceutratio.!l of the 0:;"0 en t::.c G:.·.o.;.' level:1 the probabllit~1' of improvod 

breaking and brecciation of the quu:-tz.itc in depth due to the flatteni.'1.g or 
the dipJ UJ.'1d. the pl'obabilit:r of i.:provc~::mt, of linesto'C6 as a. host in. depth, 

l"eplacc::.ent in depth .. Further, I thiJl1-: that since the Blacks::::ith fault 

zona contaL'1.3 Ol~e t:;rpe mL':0ral::1z3tion for a strL1.ce length of" at least 1000 ft. 

in the R:~Bpel' level and a dIp ler;..gth of !it least. 12CO ft.. it bls not been 

Several large ore bodies on 

this fault could r~ve been mis;;;ed iJj the pl~esent workings. 
"-

Agair...st undue cptbiSitt :13 'Qi course the fact that' extensive development 

has revealed only small ore bodies to d.ate. I{evertheless~ I thir:.k the total 

potentiality ~f the mine for ~e'r. ore iJJJlY' be est:tnnted at 100,000 tons. 

23 - \. 
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5. Prelim:inury work needed for c::mf:i.l'rr:aticn of sorr;e of the ore in 

the probable categOl":{ io €stirr,,'lted at 250 ft. of d::i f't,.. T'ne cost of." doing 

this t,'\:'ith r ... ~cesea~.r eQui:x;J.cnt a11d TebEb5..1itation is est.il"~ated at ~4.0oa130.00. 
... 4 ... ... " 

1:0. case of an unfu".ro::ablc OutCOu8 so:ne of this ex?endit~·e. could be salvaged 

by sell inZ the ~Uip!!l.ellt" 

6", On the present u:a:rl::;t of 16 cent;;> 1ar-a and 17 .. 5cen:to zinc the ore 

is ~'orth appro:dmately .~25oC9 F .. OmB .. C[.trS at S2.n Si:::.an, llrizona. This is 

on the basis or milli~z at Dc~i~gQ If the p03itive cu'1d probable ore is 

c'htll'"ged with the retabnitation~ cCl."'.::.i;::::ent, dcv21opz:.ent, stope preparation, 

l"oya.ltiea at 10%;J and minine; costs the:: ... ·c is left a net of around $5.15 a 

tOll. If So larger tor:z:age C,3J1 'be develo:;:·ed. a lr:rge:- net shcU!.d be realized. 

This might anotmt to ~7. 50 So +1"'\""'" """"4':'. 

. \ 
enSeI_US!]?,I 

I think e.verft.hing c;:)l1.3ic.c ;;. .... €<1 2..t tlJ.is time, ~."j assU!!ling ;an ~rangG!:ient 

can be mude with the 01mcrs tUs t. ·,tcu.ld wean e co;-':iit.u:mt not exceeding en 

equivalent of a 10 per cent l"oyulty on say the 36~Ov1) tons of the ore 

estinate, that is to say, not exceeding $100,000.00, tl"!.at tho property is 

worth conh·ollir-.... g :for a ti;uc at lee..si,. unel t hat the I:lin:i~ develop:1ent work 

should be do-us as outlinedo 

H..iS:eje 
cc: 1 a.."1d :3 extra 

in file 

Very truly yours, 

Harrison Schmitt 
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5. Prelim:inu:ry work needed for c')nflrrr:.aticn of sorr.e of the ore in 

the probable categ0l7 in €stirr,,':!ted at 250 ft. of dzo-l f't. o T'ne cost of" doing 

I3:l case of an unfu".ro::nblc outcon3 sO:!1e of this e:.:?endit~·e. could be salvaged 

by sell in;; the equip::nellt" 

6. On. the present u:a!,l::;t of 16 cant;;> 1ar-a anel 17 .. 5 cen.ts zinc the ore 

C[.trS at S2.!1 Sir::.an, lirizona. This is 

If the p03itive cJld probable ore is 

cntJ.!"gec. ~ith the rehabnitaticll~ eq,·,.::.i:::::::ent, dCV81opv.:nt, stope preparation, 

l"oya.lties at 10%;t and minine; costs the:"c is left a root of around $5.15 a 

tOll. If So larger tor.z:age c["u:;. 'be develo:;:ed a lr:rgel" netshOt.ild be rea.lized. 

This might. anotmt to 1::7.50 a 

. \ 

equiva.lent ot a 10 per cent royalty on say the 36~Cv~ tons of the ore 

estinate, that is to say, not exceeding :;:100,000.00, tl"!.st the property is 

'Worth conh·ollir-.... g :for a ti:nc at lee..si,. unel that the minimu.m develop::1ent work 

should be dljne as outlinedo 

Ets:eje 
c:c z 1 a..'ld :3 extra 

in file 

Ver-I' tr-ul.y yours, 

Harrison Schmitt 

-24" 
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TE~. HIT.! T::)? :.: !~ l .E 

Hilltop, Ar1zo~a 

A??;\~DIX 

;--. 
t ·.:: ~-'. 

A. Salr~ples taken by F'. fro; Lcrcbcn fer F.c,zle I):L.'tc.1el" Cor:J:any, 
tbeir location and assay rc;:ul;:'~;. 

B. Asso.yz of cb0cl: za;~r;les tG.~~ (-;r~ by 11" S(!hr~1:I.t/t. 

C. Geological !"eport 'by Dr'. C. B. Berkey, 1-:;20. 

n "1";'" m" 'h"y G T (!c~.., .. t "):"f"l.... 1:':;+' ,," ~"'r.j.,· "'~''''''~''~ • tv ~_I'" i · .... "'!,P..;_ ...... ....; . ..1. .... 1.\0..00. Z; .J.~.J...)) ... ~ _~ ..... .a p- ... )~..: ...... VJ \-,-v~"'.l""U~J' . 

E. Topoeraphie ;';le.p, ):0 ft. 0:::0,az.15 1 :1::l~, 5C: ft~ contour;;;. 

F. Legend for £~eolce1.c ~~l r.::1lp3 ~ 

G. Geologic plan ot .Kasp2r level, 1 :i:r",equals 50 ft. 

E. ft ~ tf G~aJr l~ If f; ;~ 

T .... I! n ~ Re1~::l » u It u 

, .r. Geologie section l~o. 1, 1 · i::. e1uals 5i) ft. 

K. Sa:L5ple and assay plau, no!"th C:-~;- lev01, 1 in. equals 20 I't. 

,. 

Eflltop, Arizc~a 

A. Sain.ples taken by F'. F ~ . Lf~rcben for fu,zle P:i .. t cl:e 1" " Coz.~J:any, 
their locut.ion and assay rc;:ul.t~>. 

c. Geological !"eport 'by D!'. C. B. Berkey, I-nO. 

D. Cla.im map by G. L. Scb:mtz, 191')) 'Jd:tl:l prDperty boundary. 

G. Geologic plan 0.1' Kasper level, 1 ir.. equ.~ls 50 ft. 

ft ~ ff C ...... .:)"!r t~ 
.,. ";;-J 

T " n ..... ;t Re1~:l » It 

. .r. Geologic section l~o. 1,. .1 i::. cluals 5G ft. 

l. Sa:;r.pleand assay plan, norlh C:-aj"'" level, 1 in. equals 20 I't. 
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Sample No, 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
213 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

,231 
.232 
233 
2.34 
235 
236 
237 
238 
239 
239 
24lb 
242 
242 
243 
244 

C' 
- . :" .. : 

Q.O:r.! 

Assay Results 
of 

. (~ 

Cut Samples Taken in West Workings Gray 
Tunnel-Hilltop Mines February-March-April 1936 

by 
F. H. Lor-chen 

(Saup1e cuts s~leyed and napped and marked in workings) 

Description 

Horizontal S. Side 15 1 S. W. Sur 
n n n 9' R U 

II :1 ~ 1-,.' i'/ ~ 

tt II It 16' s. E. ~ 
it It I: , 12' n II 

n n it 15' n II 

n N. It 15 is. ' W. It 

n II l1 " t 12 ~ It It 

Across Back 13' n u 
It» 9' S. E. It 

Across rC.mp floor Mise if3N. 
It ' It 5 t above Sal;}. 1.~211 

It \ Face above 9(S.'£. f.t212) 
Back cutwidth ore Sur 

It ft U 19 t S. E. 
:Horizontal W. Side 201 S. E. SUl:" 

fl 11 ,I 25' , It II 

'1 n II 30; II !l 

" It n 34' fl n 
It n If ;38' 
" 11 Jf ' " L .. 2' 
tt It fI 

11 " ~ 

Acro~s Back) ,,' 

It ~ 

n' d 

n It 

Horizontal E. Side 
Vertical N. ' U 

H E. » 

47t 
52' 
421 
2,7 t 

55' 
"ot 
.J." 

10' 
24' 
rl t 

tt 8'. ' It 15' 
11 E.lt 121 
it N.lt 18' 
It E. 11 25' 
It So' If 20' 

Across Back , ' 3' 
til It ' \ 16~ 

It n 13' 
BroTI Back Dr. Rai,se 4n. 
Check Out 

n 

11 

II 

It 

n 
11 

Ii 

S tlm . -. -.: . 
s. E. 
s. w. 

II 

n 
It 

n 
n 
11 

n 
11 

i1 

It 

It 

11 

It 

tl 

It 

tt 

n 1~ 

II l! 

n i R 
I 

S. E; a 
S. W~ R 

~ n 
It 

Vertical S. side 9~E(near) 
Across back Spad #1 37' E. 

It n .31'E. 
. Vertical S. Side 25! E. 

Across Back 18' E. 
it 

1'1 

Sta. Ii":t. 
No. Cut 

0212 
rl 

n 
0211 · 
,0212 

It 

n 

l' 
~ 

« 

02.12 

0212 
II 

11 

n 
11 

n 

:'I 

I' 
n 
n 
Ii 

II 

, 0211 
0208 
0210 ,. 
0205 
0210 
0206' 
0210 
0206 
0210 
0208 
0210 
0213 

0215 
0215 
0215 
0216 
0215 

4.09 
5.10 
5.70 
5.C{) 
5 0 00 
5.00 
5.20 
5.00 
5.20 
6.00 
4.00 
3.00 
2.90 
3.90 
4.70 
~,.90 
5.70 
5.10 
4.10 
5.10 
4.60 
5.~0 
5.00 
6.60 
L.,..i,.,O 
4.90 

, 4.20 
5.00 
5.80 
5.00 
5.10 
£,.90 
4.80 
50 60 
5.40 
5.00 

, 6.00 
5.50 
4.00 
4.00 
5.70 
3.40 
3.00 . 

\ 3.30 
.3.50 

Ag. 
Oz. 

Pb. 
,,! 
P 

Zn. 
% 

3.90 15.80 1.00 
1.00 3.60 2.80 
0.30 11.40 9.80 
2.80 5.50 1.00 
0.02 8.10 1.10 
Tr 0.40 0.60 

1.00 20.40 9.20 
0.50 11.00 11.80 
Tr 5.20 3.40 
0.10 2.20 2.40 
2.00 17.20 3.80 
0.50 6.20 3.40 
0.05 11.20 4.80 
0.70 12.80 8.eD 
Nil 1.00 13.30 
0.30 1.20 0.40 
0.30 3.60 0.60 
1.10 16.90 4.10 
1.20 7.10 3.60 
2.30 28.80 3.40 
1040 23.10 7.00 
0.20 4.80 2.70 
0.606~60 7.60 
1.UO 5.70 ' 0.60 

, 0.20 ~ 5.10· 2.30 
0.10 1.10 0.40 
0.10 0.50 0.30 
0.60 4.30 7.10 
2.30 1.70 0.70 
1.60 1.30 0.20 
0.80 3.80 0.40 
1090 :0.60 0.50 
2.30 1.50 0.40 
10.80 7.9P 0.50 
5.90 9.90 1.60 
2.10 · 11.80 1.30 
0.40 0.50 0.60 
2.30 2.40 0.30 
1.30 9.&) 5.40 
2.70 11.20 2.40 
3.60 6.30 2.60 
4.00 3.70 1.80 
6.605~70 2.40 
4.80 8.90 · 5.80, 
2.90 10.40 6.30 

I'Tone ot these samples gi va more than a trace of Gold. 

Cu. 
% 

..... · ... 
.06 
.05 
Tr · .... · ... 

,0.08 
Nil 
1.38 
0.36 

T1" 
Nil 
Nil 

Tl" 
Nil 
0.37 

Tr 
Tr 

0.10 
T1" 
Tr 
T1" 
Tr 
Tr 
'1'-_ .... 
Tr 
Tr 
Tx­
TI' 
Tr 
Tr 
T1" 
Tr 
Tr 

0.64 
Tr 

0.46 ' 
0.83 '. 
0.64 
0.64 
0.28 , 
0.36 
0.20 

Assay Results 
of 

(~; 

Cut Samples Taken in ~':est Workings Gray 
Tunnel-Hilltop Mines Feb!",.lary-March-Apri1 1936 

by 
F. H. LO!"chen 

(Sample cuts s~Teyed and mapped and marked in workings) 

Sta. iTt... Ag. Pb. 
Description No. Cut Oz. % 

Zn. Cu. 
% % 

------------------------------~--~--'~----~~--~~~~~~~~~~~~---------201 HOl:"izontal 5. Side 15 1 S. W. SUI' 0212 /',..09 3.90 15.80 1.00 
202 It fl It 9' n II ~ 5.10 1.00 3.602.80 
203 n n r. i,' i1 11 ~. 5.70 0.30 11.40 9.80 
204 tt It It 16' S. E. a 0211 5.00 2.80 5.50 1.00 
205 nit" 12' n « 0212 5.00 0.02 S.10 1.10 
206 n It it 15~ 11 II II 5.00 Tr 0.40 0.60 
207 n N." 15~ s.' W. n n 5.20 1.00 20.L,O 9.20 
208 n r: (1 '- , 12' It It It 5.00 0.50 11.00 11.80 
209 Across Back 131 It n ~ 5020 Tr 5.20 3.40 
210 n N 9' S. E.!I II 6.00 0.10 2.20 2.40 
2.11 Across ramp floor Raise if3N. 4.00 2.00 17.20 3.80 
212 it {' It 5' above Sal:l. :~~;211 3.00 0.50 6.20 3.40 
213 It 1 Face above 9(5.:8. 1.;212) 2.90 0.05 11.20 4.80 
214 Back cutwidth ore Sur 0212 3.90 0.70 12.80 8.eO 
215 " ~ U 19 1 S. E. 4.70 Nil 1.00 13.30 
216 Horizontal N. Side 20 1 S. E. Sur 0212 4.90 0.30 1.20 0.40 
21 7 1'1 n?1 25 III It It 5 • 70 O. 30 3. 60 O. 60 
218 "n It 30' It n n 5.10 1.10 16.90 4.10 
219 It It II 3L) tl n n 4.10 1.20 7.10 3.60 
220 "" 'q _ ;38' 11 It It 5910 2.30 28.80 3.40 
221 """ ' - i~2v It n II 4.60 1.40 23.10 7.00 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 

:232 
233 
234 
235 
236 
237 
238 
239 
239 
24Jll 
241 
242 
243 
244 

It It 11 47' It n ~ 5.40 0.20 4.80 2.70 
11 "~52' n n I' 5.00 0.60 6~60 7.60 

Acrol3s Ba.ck: ·" 42 G ~ If n 69 Eo 1. 00 5.70 0.60 
u n 27~» U n 4.40 0.20 ~ 5.10~ 2.30 
n 'n 55'" It n 4.90 0.10 1.10 0.40 
n u 19* s.a~. 11 n 4.20 0.10 0.50 0.30 

Horizontal E. Side 10' S. E. If 0211 5.00 0.60 4.30 7.10 
Vertical N. ' It 24' S. w. 11 ' 020£ ,.80 2.30 1.70 0.70 

It 171 n It 0210 5.00 1.60 1.30 0.20 
15 f n n 0205 ,.10 0.80 3.80 0.40 
121 It tl 0210 j,~.90 1.90 ' :0.60 0.50 
18' "I n 0206 4.80 2~30 1.50 0.40 
25 1 II t n 0210 5 .. 60 10.80 7.9.0 0.50 It E. n 

tt S. ', - If 20' n t \'l 0206, 5.40 5.90 9.90 1.60 
Across Back - 3' S. EJ R 0210 5.002.10 , ,1.80 1.30 

N - 11 
.. ~ . 

n II 13 f It It 
0208 6.00 0.40 0.50 0.60 
0210 5.50 2.30 2.40 0.30 
0213 4.00 1.30 9.6) 5.40 Brow Back Dr. Ra.i,se 4n. n 

Check Out 
Vertical S. side 9!E{near) 
Across back Spad #1 37' E. 

It Ii 31'E. 
_ Vertical S. Side 25! E. - n 

Across Back IS' E. " 

0215 
0215 
0215 
0216 
0215 

4.00 2.70 11.20 2.40 
5.70 3.60 6.30 2.60 
3040 4.00 3.70 1.80 

-3.00 6.60 5;70 2.40 
,3.30 4.80 S.90 ,5.80 
3.50 2.90 10.40 6.30 

None of these samples give more than a trace of Gold .. 

• ••• · ... 
• 06 
.05 
Tl:" · .... · ... 

,0.08 
Nil 
1.38 
0.36 

T1' 
Nil 
Nil 
Tr 

Nil 
0.37 
Tr 
Tr 

0.10 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 
Tr 

'Ir 
Tr 
Tr 
Tr 
Tr 
Tr 

0.64 
Tr 

0.46 
0.83 ; 
0.64 -,-
0.64 
0.28 
0.36 - ',-, -
0.20 



ji. 

/~ 

C'" . .;.' c:' -2-

Grav Tunnel, Rillton ~ine. AS S3YS 
StaG Ft. 

Feb .":tmril 19:."",3...;;.6_~ __ _ 
Ag. Pb. Z:l. Cu. 

Sample No. Description No. Cut Oz. % % % 

245 
246 
247 
Vi'S 
21,.9 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
27? 
278 
279. 
280 
281 
222 
2$3 
284 
285 
286 
287 
288 
289 

Across ramp Iuiqe I}L)~. 421 E 
Across back aDd Vert 4" 1 T~ .;; l., 

Across Back S2·~:S 

Vertical E. Side 15'E 
Vertical S. Side .3 f S 

it n II q 1 r:r , .. 
t'l n ~! 12~E 
I'q :~ II 211E 
It E 'll 15' W 
1'1 tt II 20! W 
It !1 It. I t W 

Raise {)3 N t:.p13~ No . side 
n #5 N up 15' N. side 

Vertical and back E. side 25;R 
1'1 S. Side ll'E 

Across back 6'E. 
Bo:dzontal S. Side 
VerticalS. side 1/2 t 

1?fR _ .. _ ;.;.J 

Across Back . 5'E 
n N 6$W 
11 1'1 30lt 

Vertical W. Side 35'YJ 
. Acl'oSS E. Side Raise 1/5 N up 20' 

:; n 0 t~ fl 1/3 N UP 18 I 
It W. n t'l lJ5 Nup 20 1 

Horizontal N. side lr E 
Vertical S. Side 30 t S 

U t< n . 35 t S 
n n -25' S 
n " "20' S 
a " n13' W 

Across back 46' S. 
Vertical S. Side 6t W. 

~ , It n l' W 
It II ' n 6!E 
If rt :11 l'E 

Across back 5t E 
Vert. & across backside 10tE 
VerticalS. side 15'E 

n & back lOt W 
Across back 65' E 
Raise 5' N. up 27' N side 

11 fI n It ·27' S. It 

0215 
0215 
0215 
0215 
09 1 ~ --) 

O~i '" ~..l.._, 
....... ,..- -
U~..L:) 

0215 
0213 
0213 
0216 

0219 
0219 
0215 
0219 
0215 
0219 
0213 
0213 

0212 
0202 
0202 
0202 
0202 
0206 
0202 
0206 
0206 
0206 
0206 
0206 
0206 
0200 
0219 
0217 

Ore selected from gob from R.l ;r course 
fl Ii n u It. R. 2 N II 

2.00 1.20 
3.70 5.50 
3.10 3.10 
3.10 0.60 
5.00 0.90 
5.60 1.20 
4.00 0.90 
5.40 3.50 
.3.10· 1. 60 
3.40 ' ~. ' 1.40 
4.10 0.60 
4.00 0.80 
l+o~.20 3.10 
3 ~' 10 1.90 
3.\00 1.20 
2.i50 1.00 
5 .~OO 0.60 
5~:10 9~10 " 
3:10 1.00 
2.80 1 • .30 
3.60 1.80 
3.70 1.70 
3.80 3.00 
2.00 0 .• 90 
2.90 2.30 
1.02 8.20 

. 6.10 0.80 
5.20 2.60 
5.00 2.70 
2.50 0.50 
5.60 1.80 
~,.90 1.CO 
6.70 0.80 
6.20 1.80 
5.10 2.80 . 
2.60 0.80 
4.60 2040 
5.10 2.00 
5.20 0.90 
4.80 0.50 
3.60 5.00 . 
5.10 l..60 
2.70 1.60 

12~00 
3.50 

12.60 
20.00 
1.50 
8 .~:.o 
9.20 
5.50 
9.00 
6.10 
7.10 

11.90 2.12 
23.60 1.54 
0.030.03 
5.50 1.28 
1.10 0.01 
1.00 0.54 
5.50 . 0.18 
2.50 .0.01 
0.90 .0.10 

11.80 1.30 0.03 
6.40 ·3.60 0.41 

13.80 7.90 0~10 
13.70 21.00 .0.15 
13.90 1.70 ,0.14 
12.50 9.80 0.13 
13.90 7.30 0.15 ' 

7.60 5.20 0.82 
8.20 0.90 0.07 
7.80 7.10 0.27 

'. 3.40 0.30 0.08 
2.50 0.20 0.06 , ' 
8.60 0.50 0.1l~ 

21.80 27.80 0.6L;.. 
12.20 11.80 1.66 
20.40 12070 0.17 
8.20 3.80 0.10 
6.68 :7.00 0.06 
1.40 0.50 0.11 

11.20 6.00 0.09 
9.60 4 .. 60 0.08 

1L.50 12.70 O.BO 
5.40 5.20 0.05 
7.50 9.40 0.05 
6.20 8.70 0.04 : 

19.30 17.00 0.31 
.3.90 5.50 0.06 
6.00 UL.20· 0.08 
5.90 6.20 0.10 
5.60 3.60 0.06 
0.30 0 0 50 0.05 
6.40 11.00 0.05 

14.50 12.30 1.36 
4.80 4.00 0.94 

27.90 O. BO· Tr . 
14.40 2.10 0.07 , . 

Hote: Average of 87 cut samples 1.78 7.56 . 5.22 0.24. ,'. ' 
Samples 293 "Check cutll and 288 and 289 were excluded in determining a.verage aboye~ . . 

By F. H. Lerchen, May 20, 1938 

", 

.' 

::; 

Grav Tunnel , Hill tOD ~,; ine. 

Sta. 
Sample No. Description No. 

245 
246 
247 
21"S 
2!.,9 
250 ' 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279. 
280 

.281 
222 
21.33 
284 
285 
286 
237 
288 

, 289 ' 

Across ramp Ibiq.6 I)L)~. 42 i E 
Across back and Vert 431 E 
Across Back 511E 

·Vertica1 E. Side 
Vertical S. Side 

L1 n II 
3 t S 
9'17 

12'E 
211E 
15 ' W 
20! W 
Itw 

P..aise #3 N up I]} N. side · 
CI 1)5 N up 15' N. side 

Vertical and back E" side .25Q? 
It S. Side 

Across back b'E. 
Horizontal S~ Side 
VerticalS. side 1/2' 

IJ..'E 

Across Back 5'E 
"H 6'w 
»n 30'B 

Vertical fT. Side . . 35'Vi 
Across E. Side Raise 1/5 N up 20' 

It N.!? "#.3 N up lSI 
II W. 1'1 III f}5 tJup 20' 

Horizontal N. side 1· · E 
Vertical S. Side 30· S 

\l ~ fl . . 35 IS · 
It . n . "'25 t • S 
n ~ 1'120' S 
n unl.3' W 

Across back 46· S. 
Vertical S. Side6'W. 

II . 

It 

It Nil liE 
Across back · 5t E 
Ve:~t. & across backside 10tE 
Vertical S. side 15 s E 

n & back 10. W 
Across back 65' E 
Raise 5' No up 27t N side 

n U fI "27' S. " 

0.'215 
0215 
0215 
0215 
0215 
0213 
0215 
0215 
021.3 
021.3 
.0216 

0219 
0219 
0215 
0219 
0215 
0219 
021.3 
0213 

0212 
0202 
0202 
0202 
0202 
0206 
0202 
0206 
0206 
0206 
0206 
0206 
0206 
0200 
0219 
0217 

Ore selected fromgobfl"'om P...l N course 
n n . . nit" R. 2 N " 

-2-

AsscWs Feb.-Anril 19:...:3.:::;6 ____ _ 
Ag. Pb. Z:l. Cu. 

Cut Oz. % % % 

2.00 1.20 12.60 11.90 2.12 
3.70 5.50 20.00 23.60 1.54 
3.10 3.10 1.50 0.030.03 
3.10 0.60 8.EO 5.50 1.23 
5.00 0.90 9.20 1.10 0.01 
5.60 1.20 5.50 1.00 0.54 
4.00 0.90 9.00 , 5.50 , 0.18 
5.40 3.50 6.10 2.50 . 0.01 
3.10 , -1.60 ' 7.10 0.90,0.10 
3.40," '" 1.40 11.80 1.30 0.08 
4.10 0.60 6.40·3.60 0.41 
4.00 0.80 13.80 7.90 O~10 
!.;.~,20 3.10 13.70 21.00 ,0.15 
3:10 1.90 13.90 1.70 , 0.14 
3.\00 1.20 , 12.50 9.80 0.13 
2~50 1.00 13.90 7.30 0.15 ,' , 
5.\00 0.60 7.60 , 5.20 0.82 
5.i10 9,108.20 0.90 ' 0.07 
3:10 1.00 7.807.10 0.27 
2.80 1.30 3.L,0 0.30 ,0.08 
3.60 1.80 2.50 0.20 0.06 ' 
3.70 1.70 6.60 0.50 , 0.11;. 
3.80 ' 3.00 ' 21.80 27.80 ' 0.6L:-
2.00 0.90 12.20 11.80 1.66 
2.90 2.3020.40 1~.70 0.17 
1.02 8.20 8 0 20 3.80 0.10 
6.10 0.80 6.60 :7.00 0.06 
5.20 2.60 1.400.50 0.11 
5.00 2.70 11.20 6.00 0.09 
2.50 0.50 9.60 4.60 0~08 
5.60 1.80 !L.50 12.700.20 · . . 
4.90 1.00 5.40 5.20 0.05 
6.70 0.80 7.50 9.40 0.05 , .... 
6.20 1.80 · '6.20 8.70 0.04 :, 
5.10 2.80 , 19.30.17.00 0.31 
2.60 0.80 3.90 5.50 0.06 
4.(:lJ 2.40 6.00 Uc~20· 0.08 
5.10 2.00 5.90 6.20 0.10 
5.20 0.90 5.60 .3.60 0.06 
4.80 0.50 0.30 0.50 0.05 
3.60 5.00 6.40 11. 00 0.05 
5.10 1.60 14.50 12.30 1.36 
2.70 1.60 . 4.8;0 4.00 0.94 · 

12.00 27.90 0.80 Tr . 
.3.50 14.40 2.10 0.07 

Hote: Average of 87 cut samples 1.78 7.56 · 5.22 0.24-
Samples 29.3 "Check cutU and 288 and 289 Vlere excluded in determining averag~ above~~-- ...... '" 

By F. H. Lerchen, May 20, 1938 

. ; ". ~ - .. :'. 
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Assay Results of Che.r:l1el-Cut and Stope-Fill (gob) 
Samples Taken in the Kaspa:::.- Tmmel V;orkir:gs of the Hill top Mines 

Cochise County, Ar izona, ~i:[\rch-Apri1 1938 
By - F. Ii . Lercben 

(Samples cuts surveyed, and napped~ and marked in WOrkingS~ stope-fill (gob) 
samples consisted of selected C0<1rS8 ore and Ilgrab ll fines. 

Sample 7t't Au. Ag. Ph. Zn. 
Ho. Descrint'lon GU.t Oz" Oz. ~ c,' 

i::! 
301 Across vein bottom winze St3.. 0314- 5.10 Nil 2.40 10.80 S.60 
302 u t; 25 t t"i (vtinze) II 1I 3.00 II 9.50 20.50 0.70 
303 Q It 20' ('~74 'fi r,re) II II 2.0D 0.02 12.20 20.60 0.30 " ..... -"'~ 

'304 n It Collar ,iinze 17' W It 1050 0.02 7.40 33.00 0.30 
305 Back cut 19 l S. Station 0327 3.00 T~ 2.20 11.6:J 5.50 
306 Horizontal It 1/ II 3. C}O -11

:." '3.20 19.20 6.40 
307 Selected ore from Stope #41N. 0.· •• .: .0.02 '37.40 43.70 0.02 
308 11 u " n :/.'? ' ~ 4 •• , . ·rr 6.40 20.5Q 7.50 ,1- : 

309 II It If 1'1 If3': n 11" 11.20 36.20 0.40 ~ .... 

Cu. 
d 
Iv 

0.09 
0.14 
0.47 
0.03 
0.13 
0.10 
0.15 
0.27 
0.10 

310 It n n u /)5 " '1:1' 11.20 39.C:Ci 0.4Q 0~16 O. D • 

311 Horizontal-wall 10 t E old Sur. Sta. .. . . '" , • • 1 .•• • 

86 5.00 1'1' 2.40 1.3 .. 00 0.60 0.06 
312 It 1'1 15'W " 1) StaG 5.00 'rr 5.40 18.30 0.50 0.42 . 

86 .~ 

~ .. ~. "-

313 Back cut 3'W Sur. Sta. 0328 3.00 'rr 3.20 11.80 0.20 0.11 
# "")-,. J 

.)1.", Horizontal Wall l6vl'J 0328 5.00 Tr 0.40 8 • .lrO 3.10 Tr 
315 Pace drift 37· W. 0329 2.00 Tr 4.80 18.1;..0 0.30 Tr 
316 Back out 15'E Sta. ~ 3.00 Tr 9.60 27.10 0.40 0.05 
.317 l't It 5'W II It 3.00 0.02 6.80 .35.40 0.30 0.10 
318 Horizontal '361 TI n 3.00 0.04 23.40 .3$.10 0.80 0.06 
319 Back out 12'N old Sur. Sta. 84 3.00 Tr 5.00 21.(:0 1.0e o ')? 

.'/J 

320 Fines from gob in fl4 N. stope ••• 0 Tr 2.80 8.10 0.40 Tr 
321 Vertical cut ~ south W. 110' Sur if? 1.00 Tr 0 • .30 7.70 10.80 0.07 
322 n 1I S. W".3' Sur. Sta. #6 1.00 Tr .3.60 20.10 14.60 3.41 
323 .' It It tI 12' n " n f/6 1.00 Tr 3.80 20,40 24.10 4.21 
324 It It fI 1571 It it #7 1.00 Tr 0.30 13.40 1.90 1.5S 

Average 19 cut samples pSI' assays above 5.67 19.96 4.23 0.60 
Control assay certificates of Hawley and Hawley, Assayers, Douglas, Arizona, in 

the files in the office of the Hilltop ;.!l ines, Hilltop, show shipments of 2.31 cars of 
or8 s principally from the Kc.sper Tunllel workings, mad.e in the years 192}-25-26, show, 
for the tonnage of 11,424 tons shipped.: . 

Ag ! Pb / Zn. Cu. Fe. 
Ton Ton % c c1 

i" e 
rJote: The average of 87 licutn samples in . f~~r 5.24" 2].06 8.06 0.347 

Gray TIorkings give shipments of 231 1.78 7056 5.22 0.24 
cars of ore 
(11,1 .. 21,) tons mainly f:rom the Kasper 
workings 1924-1926 5.24 2.3.06 5.06 0.35 16.20 
Blacksmith workings 

The average of 19 cut samples in 5.67 19.96 4.23 . 0.60 
Kasper workings 

Memo. by F. H. Lerchon, Tucson, Jl.r i zona , May 21, 1938 

(Samples 
samples 

Sample 
Ho~ 

301 
302 
303 
.304 
305 
306 
307 
308 
309 
310 
311 

312 

313 
'314 
315 
316 
317 
318 
319 
.320 
321 
322 
323 
324 

C.: 
'Y'~ . 

Assay Results of Channel-Cut and Stope-Fill (gob) 
Samples Taken in the Ka::>pe:::' Tmmel V;orkings of the Hill top Mines 

Cochise County, Arizona, ~Z[\rch-April 1938 
By - 1<' .l: • Ii • Lel"chen 

cuts surveyed, and napped, and marked in WOrkingS~ stope-fill (gob) 
consisted of selected co<:!rS8 ore and Ilgrab ll fines. 

It't Au. Ag. pt. Zn. 
Descrint-lon Gut Oz" Oz. % c:! 

j? 

Across vein botto,Il "iinze ~"\'..'!:") 
~ v.:..... 0314- 5.10 Nil 2.40 10.80 S.60 .., t; 25' fi( vtinze) II 1I 3.00 II 9.50 20.50 0.70 

Q It 20 1 (winze) II II 2.0D 0.02 12.20 20.60 0.30 
n It Collar t,·inze 17' 'W It 1050 0.02 7.40 33.00 0.30 

Back cut 19 l s. Station 0327 3.00 Tr 2.20 11.6:J 5.50 
Horizontal It 1/ 11 3.C\O '1':-- -3.20 19.20 6.40 
Selected ore from Stope 1/4~ !·r. 0:' •• : .,: .0.02 37.40 43.70 0.02 

" ~ Il n f..~? ~ n ".e'. ·rr 6.40 20.5Cl 7.50 ,1- : 

U It If !'I 1J3·: n Ir 11.20 36.20 0.40 ~ .... 
It n n u 1)5 " '1:1' 11.20 39.C:Ci 0.4Q O. D • 

Horizontal-wall 10tE old Sur. Sta. • •• '" .•• 1 •• • 

86 5.00 l'r 2.40 13.00 0.60 
It 1'I l~IW " 11 stag 5.00 ':rr 5.40 18.30 0.50 

86 ...L . • ~. "~ 

Back cut 3'W Sur. Sta. 0328 3.00 'J:r 3.20 11.80 0.20 
Horizontal Wall l6'w 0328 5.00 Tr 0.40 8.L,0 3.10 
Pace drift 37· llJ • 0329 2.00 Tr 4.80 18.1.,.0 0.30 
Back out 15':8 Sta. ~ 3.00 Tr 9.6() 27.10 0.40 

~ It 5'W fl It 3~OO 0.02 6.80 35.40 0.30 
Horizontal 36' Vi \l 3.00 0.04 23.40 3$.10 0.80 
Back out 12' N old Sur. Sta. 84 3.00 T1' 5.00 21.(:0 1.00 
Fines from gob in t~4 N. stope ••• D Tr 2.80 8.10 0.40 
Vertical cut~south 1'.1 

.J; • 110' Sur in 1.00 Tr 0.30 .7.70 10.80 
It tI S. W,,3' Sur. Sta. #6 1.00 Tr 3.60 20.10 14.60 

· n It tI 12' n " tl #6 1.0C Tr 3.80 20,40 24.10 
It It n 1571 11 " #7 1.00 Tr 0.30 13.40 1.90 

Cu.. 
d 
IV 

0.09 
0.14 
0.47 
0.03 
0.13 
0.10 
0.15 
0.27 
0.10 
0~16 

0.06 
0.42 . 
.~ 

0.11 
Tr 
T1' 

0.05 
0.10 

·0.06 
o ')? 

...JJ 

T1' 
0.07 
3.41 

. 4.21 
1.58 

Average 19 cut samples psr assays above 5.67 19.96 4.23 0.60 
Control assay certificates of Hawley and Hawley, Assayers, Douglas, Arizona, in 

the files in the office of the Hilltop :-flines, Hilltop, sho\'] shipments of 231 cars of 
ores principally from the KE.sper Tunlle1 workings, made in the years 192}-25-26, show, 
for the tonnage of 11,424 tons shipped: ' 

lie / Pb / Zn. Cu. Fe. , 
Ton Ton % c' c! 

/0 e 
rIots: The average of 87 Ucutn samples in . (~~r 5.21+ 23.06 8.06 0.347 

Gray TIorkings give shipments of 231 1.78 7056 5.22 0.24 
cars of ore 
(11,1 .. 21,) tons mainly from the Kasper 
workings 1924-1926 5.24 23.06 5.06 0.35 16.20 
Blacksmith workings 

The average of 19 cut samples in 5.67 19.96 4.23 - 0.60 
Kasper workings 

Memo. by F. H. Lerchon, Tucson, JI..rizona, May 21, 1938 
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Assay Results of 
Character Samples Taken in Hilltop 1::ines b2T F. H. Lercben 

Fro~ December 14,1937 to April 19,-1938 

Sample Ag q ?h. Zn. Cu. Fe. 
No. DescriPtion Ozs. % :'h % % 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
18A. 
19. 
20. 
21. 
22. 
23. 
24. 
25~ 
26. 
27. 

28. 

29. 

30. 

31. 
32. 

33. 

34. 

In place 1st E. Dr. Kasper tun. 
Buried in Kasper r~n . . West side 

16.00 
9.80 

Y'Sulp. dump Rhem :lud1.t Ga.rnet 
Base ore, garnet gan~~6 Gray D. 
Heavy black sulphide Gray])..!;:'!.:;:: 

.34.0') 
3.00 

Float red, above !~asper tlL.'1."'1e1 
Ore in place 29 f (E Sample /':1) 
5.5' cut I'm face Blacksmith Adit 
6.0' cut continuation San. //-8 
5.01 cut back Dr. 6t Se 8 & 9 
14n cut H. W. 221 SW from 8 & 9 
Chute 5N. NW. Dr. Gray Audit 
Near raise extreme N~. Dr. Gray T. 
3' cut outcrop surface Blacksmith 
Selected dumps surface 
Ore dump Fife audit 
Chutes G. 1 & 2 S, SE, Dr. Gray Audit 
Carbonates red H.W. belm, Gray Audit 
10" cut base raise Hl! Drift Gray 
Blotches side Dr. 150' m'J /)18 A 

VDisseminated ore in du;r:p PJ1em Adt. 
Confirmation rejects Sample £i3 
Confirmation rejects Sample #5 

-vConed fines ceib plat. Rhem Dump 
. Broken (over) from above, coarse 
Fines loading p1atfq~!n Rnds Pase 
Coarse ore 1'1 I~" Hands It 

10th shovel Sam. base ore Rhem 
('Workings - - - out in clu;np) 
50 t depth winge Blacksmith 6 1/2' 

"/.00 
0.::'/) 
1 Of ..;.~:.J 

5,, 0;] 
0.30 
2.10 
1.70 
1.40 
1.40 
1.4C 
2.60 
6.50 
0.30 
1.80 

1'r 
1.60 
0.80 
2.30 
7.20 
9.00 

15.80 
10.30 

5.80 

10.00 

65.2.0 
32.10 
9.60 

15.80 
35.00 
9.10 

10.50 
1.;.0.00 
16.00 
22030 
14.60 
23.30 
29.00 
16.30 
28.30 
43.80 

9.60 
40.60 
30.40 
20.30 
7.00 
1.80 

. 32 .. 00 
4.30 
0.20 

34.40 
23.90 

5.40 

0.20 
28.60 
0.40 
3.30 

21.10 

0.90 
6.00 
4.50 
7.10 

10.30 
10.00 
13.20 
9.00 
6.10 
3.10 
0.90 
1.30 

10.70 
10.54 
1.10 

1.00 
1.20 
'1.60 

25.20 

0.60 

( ST' '" ,.) across J:'; lace ana Wl.nze 6.00 21.30 12.60 
Boulders ore in muck Chute #5 Sun Sta 
No. 23 SE, Kasper Drift 

·Ore in pl~ce HW Winze Chute #1 
Station #12 S13, Drift Kasper 
Fron muei'$ in Cbute //2 North 
!ilaSsive Pyrite bedding plans top 
165' raise No. 1 Rhem tun. 

3.60 35.00 

-2.20 24.40 
41.00 48.10 

.~ Selected ore place raise No.1. 
~165f Rhem tunnel 16.40 21.00 

3.20 / . v-? 

6n ore j_n place back stope near rais 
From Gray Adt. Kas. Lv1. See 8.40 36.80 

- 5 -

5.90 

2.30 
0.40 

vl 

.9.30 

17.00 

. 0.18 4.80 
0.09 3.00 
o.os 20.10 V 
2.36 11.18 
0.50 2.30 

1.00 
0.20 8.70 
0.60 3.40 
0.07 2.40 
0.08 3.30 
0.12 1. 70 
3.26 3.10 
0.10 
0.08 
Tr 
Tr 29.10 

2.30 
5.60 
Tr 

3.20 

0.50 / 

= '~ 
19.20 
-- . ( 

r 

0.25 9.90;/ 

0.18 

v--r 
( 

f. 

0.12 

? 

v' 

(. / ;-

Assay Results of' 
CharacterSarnples Taken in Hilltop !::ines b2T F. H. Lerchen 

Fron Dec8mber 14, 1937 to April 19, -1938 

Sample Ag. Fh. Zn. Cu. Fe. 
_No~. ______________ ~D~~~,8criP~t~i~on~, ______ . ________ ~O~z~s~. ____ ~1~J ____ ~%:~ ____ ~% ______ %~o ____________ __ 

1. 
2. 
.... 
JO 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
18A. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

28. 

29. 

30. 

3l. 
32. 

33. 

34. 

In place 1st E. Dr. Kasper tun. 
Buried in Kasper 'I'Un. , T~est side 

16.00 
9.00 

65ot,0 
32.10 
9.60 

15.80 
.35.00 

0.20 
28.60 

0.1+0 
3.30 

21.10 

/ Sulp. durop R}lam :ludit GSol'l'lct 
Base ore, garnet gangu6 Gray D. 
Heavy black sulphide Gray 1)1 .. 1::1:9 

Float red, above :r:a.sper tu."1.."1el 
Ore in plac-e 29 f (E Ss.mple ill) 
5.5' cut NW face Blae::ksmith itdit 
6.0' cut continuation San. //8 
5.0' cut back Dr. 61 Sa 8 & 9 
1417 cut H. fI. 22' SW from [; & 9 
Chute 5N. NW. Dr. Gray Audit 
Hear raise extreme l'f~. Dr. Gray T. 
31 cut outcrop surface Blacksmith 
Selected dumps surface 
Ore dump Fife audit 
Chutes G. 1 & 2 S, SE, Dr. C-ray Audit 
Carbonates red H.W. oelo~ Gray Audit 
10" cut base raiGe H~[ Drift Gray 

. Blotches side Dr. 150' 1[17 /)18 A 
VDi.sser:linated ore in dUmp Rhem Adt. 

Confirmation rejects Sa;ple #3 
{Jonfirmation rejects Sample /,1:5 

v"Coned fines ceib plat. PJ:1.e:n Dm"lP 
Broken (over) f'rom above, coarse 
Fines loading platform Rnds Pase 
Coarse are I'l If' Hands n 

lOth shovel Sam. base ore Rhem 
( 1 • .... , ) worxlngs - - - OUv In QUXP 
50 t depth winge Blacksmith 6 1/2' 

3.00 
~/.6J 
o ~ , () 

0.30 
2.10 
1.70 
1.40 
1.40 
ls4C 
2.60 
6.50 
0.30 
1.80 

1.60 
0.60 
2.30 
7.20 
9.00 

15.80 
10.30 

5.80 

10.00 

6.00 

9.10 
10.50 
40.00 
10.00 
22030 
14.60 
23.30 
29.00 
16.30 
28.30 
43 0 30 
9.60 

40.60 
30.40 
20.30 

7.00 
1.80 

. 32.00 
4.;30 
0.20 

34.40 
23.90 

5.40 

21.30 

0.90 
6.00 
4.50 
7.10 

10.30 
10.00 
13.20 
9.00 
6.10 
3.10 
0.90 
1.30 

10.70 
10.54 
1.10 

1.00 
1.20 
9.60 

25.20 

0.60 

12.60 (across SE face and winze) 
Boulders ore in muck Chute !/5 Sun Sta 
No. 23 SE, Kasper Drift 

, Ore in place my Hinze Chute //1 
Station #12 SB, Drift Kasper 
From muc~ in Chute 42 North 
r,::assive P'.frite bedding plans top 
165' raise No.1 Rhem tun. 

3.60 35.00 5.90 

2.20 24.40 2.30 
41.00 48.10 0.40 

/' ? v? 3.20 ~. 

V Selected ore place raise No.1 
~165t Rhem tunnel 16.40 21.009.30 

6n ore tn place back stope near rair:a 
From Gray Adt. Kas. LvI. Set 8.40 36.80 17.00 

5 -

'0.18 4.80 
0.09 3.00 
0.013 20.:tO V 
2.36 11.18 
0.50 2.30 

1.00 
0.20 
0.60 
0.07 
0.08 
0.12 
3.26 
0.10 
0.08 
Tr 
Tr 

2.30 
5.60 
Tr 

8.70 
3.40 
2.40 
3.30 
1.70 
3.10 

29.10 

3.20 

0.50 / 

-- ? ... 
" \. 

0.25 9.90;/ 

0.18 

0.12 



l; .. 

. Sample ,.;.g • 
No. _j)~scri ntion r~ , .,~ 

'~(..1 0 • 

35~ Dnde:t" outcrop. Long Lump N. shaft 35.20 
36. ~ll cut ore i~. side shaft Lon!? D 41.40 
37. 

',l I",..' 

27.20 Asstd. ore dump long "'un. Claim 
~~ 

.)0. Outcrop Sur. Above SE. Dr. Kas. T • 0.50 
1q ... A selected ore in place Sur. Sta. 

0113 :rN Drift PJleffi Tunnel 24.40 
40. Bedded ore in place, USIl cut extreme 

NW. 'Norkings Bher..l 'Iu!':.. 1.80 
41~ Du.'TIps old Workings 'VI. side Rlong trail 

above C':,l::.r,....shallow \;ork:Lngs 8.20 
L:2. ShalloY1 shaft Sur. Sta. 18, Blacks, 13 0 00 
43. 5' open cut Sur. Blacj~smi th 3.20 
44. Open chute and shaft dump are Sur. 

Stat.':.ona 14-15-16 Blacksmith 7 .. 60 
4-4A. 1St ; cut Oxi. S. side XO.SE Gre.y Wrk. 

S~r. Str-... 216 55 Deg. W. 29.00 i 5.6Q 
45. Narrow high (r.S. side Xc,SE Gray 1J'T'r:: 

Sur. Sta. 216 S.30 Deg. W • .39.00' 

r--.. 

. c".-_--.. 

Fh .... 
d 
(0 

i..l.60 
57.00 
43.60 

7.70 

19.90 

14.60 

36.50 
54.70 

Zn • 
_f .,. 

, .... 1 

0.20 
0.50 
0.20 

4.90 

0.40 

2.70 
0.60 

16.10 17.70 

41.30 11.00 -

39.80 17.20 . 

Cu. Fe. 
% % 

CH~CI< -

T:t" tHE'-/< 
Cb'i.:-!x. 

eflE.!K 

'I';: e Hi ~i< 

__ e.,HE!:. ,,< 

_ C;/i!C/(. 

__ Corle:: 

1.20 

Control assay certificates of Hawley ft Hawley, Assaysrs, Douglas, :.:-izonc. in the 
files in the office of the Hi11top ranes, Iiilltop, shcwshipm€nts of 231 cars of ore, 
principally fror.l the Kasper 'ruP.Jlel ~~orkings, made in the years 1924-2.5-26, show, for 
ths tonnage of 11,~24 tons shipped: 

.rig. Pb~ Zn. Cu • Fe. 
028. c' (J! q ct. 

1:2 c/ ~ if!. 
Shipments of L,24 cars of ore (11,424) " 

Cc.q'j ') tons mair~y fro~ the KaGper workings~~,~~ /.1. ,'r.. t; ~ \.J:; 01'2. S 
" . 

1924-1926 5.24 23.06 5.06 0.35 16.20 
'rhe aV0rage of 87 "cut" satip1es inJ~\'w;" c' c 2,3 S .c:;;t) c; 0, ~/:? 
Gray i'Jorkings give 1.78 7.56 5.22 0.24 
The average of 19 cut samples in 
Kasper workings 5.67 19.96 4.23 0.60 

Memo by F. H. Lerchen, Tucson, Arizona, ~~8.y 2l~ 1933 

- 6-

·c .. 

. Sample L;'g. Fh. Zn • Cu. Fe. 
No. Descrintion r".,.~ c1 -1 % % .,. 

'~ (..10 • (0 .~ 

35~ Under outcrop. Long Lump ·~T -, . shaft 35.20 l . .l.60 CH~(!I< -

36. ~ll cut ore '1 side shaft Long D 41.40 57.00 0.20 Tr tHE'-/< l'~ .. 

37. Asstd. dump long 
'I ' 

Claim 27.20 43.60 0.50 Cb'i;.:~ x. are ""un. 
. ..... Mo Outcrop Sur • A.bove Q1.' D'~ Kas. 'i' 0.50 7.70 0.20 .)0. ,-,.w. .<. • ... . 
':jq ... A Selected. are in place Sur. Sta. 

0113 !fN Drift P_b.em 'runnel 24.40 19.90 4.90 C(oIE.!K 

40. Bedded are in place, IS" cut eJ:treme 
!r~ • V;:orkings Bher.l TtL""":.., 1.80 14.60 0.40 'I'r c:. tii~i< 

41~ Dtunps old Workings "iT side ",long t-r.·n \~ . .."-_ 
above c':.:::.r,....shallow \".'ork:Lngs 8.20 36.50 2.70 __ e.,HEr:. ,'<. 

L:2. Sha11o\'1 shaft SUl"'. Stat 18, Blacks, 13 0 00 54.70 0.60 - ~ Cf(l!c}t. 

.4 3. 5' open cut Sur. Blac1~smi th 3.20 16.10 17.70 
44. Open chute and shaft dunp ore Sur. __ Corle,:,; 

Stat::.onn 14-15-16 Blacksmith 7 .. 60 41.30 11.00 - -
4L.A. 1 ..... -l;,"C cut Oxi. s. . , Slae XO.SE Grt:}.y Wrk. 

$;;1'. -:"'.A.{"! 
oJ \.0...;.. 216 55 Deg. W. 29.00' 5.6Q 39.80 17.20 1.20 

45. Narrow high (r.S. side Xc,SE Gray \:'l<: 
Sur. Stat 216 S.30 Deg. YI. 39.00' 

Control assay certificates of Hawley ft Hawley, Assaysrs, Douglas, :~izonc. in the 
files in the office of' the Hi11top rEines, Iiil1top, shc'i'isi1ipm€nts of 231 cars of ore, 
principally fro::1 the Kasper 'rup..nel florkings, made in the years 1924-25-26, show, for 
ths tonnago of 11,1,.:24 tons shipped: 

.'i.g. Pb~ Zn. Cu. Fe • 
02S. c1 (5f q '.b 1:2 t.) ~ 

Shipments of L,-'2.4 cars of ore (11,1;.24),. 
tons mainly 1'1'0:£1 the KaGper workings 3<1; ~. 'j (. /.1. . r.. t; ,.., \.J:; 01'2. S C(.Q'1 ') 

" . 
1924-1926 5.24 23.06 5.06 0.35 16.20 
'rhe av~rage of 87 "cut" sar:;.ples iny\q1 11,,1 ., (, c 2, .~ s S:9 () 0, ~/ :'? J "':: I . ~ 

Gray i'Jorkings give 1.78 7.56 5.22 0.24 
The average of 19 cut samples in 
Kasper workings 5.67 19.96 4.23 0.60 

Memo by F. H. Lerchen, Tucson, Arizona, ~ '~ay 21, 1938 

- 6 - ' 
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No. 

501 

502 

503 

504 

CQ':),!;osite of 
above samples 

505 

509 

507 

G::ll:: 
oz 

truce 

N 

!1 

'It 

trace 

0.,01 

trace 

Silvc:;.' 
oz 

0.52 

20:72 

2.80 

1.:';6 

2.00 

4,J~)':) 

2 .. 40 ---,I( .! 0 

/ ... . -" 

Ccr:;::cr 
% 

0.25 

0 030 

0.10 

, 0.15 

3 .. /.5 

0 .. 30 

0 .. 2.0 ,-
- ~------

I.! ,.':> 

I 
. ~ 

L.G.:iQ. 
, </ ,Q-

13.:30 

14.95 

12.70 

.9.05 

Zlri.c 
J"f 
;.~ 

11.05 

1 .. 60 

s.oo 

6.20 

14.60 . 16~60 

15 .. 90 , - 12.85 

6 .. 15 ._.:. 4.80 
t -,i> J ' (j .-j~. 
j~. / ~> -, 

'.J I I 

~~. ' ,\ 
il ·.JJ 

? 

0.05 

5i 
% 

0.08 

501 

502 

504 

CQ':J'!;osite of 
above samples 

505 

509 

507 

oz 
t:ra.ce 

!1 

trace 

trace 

Silvc!' 
oz 

0.52 

2.BO 

2.00 

4 .. 60 

2 .. 40 .' --,I( . ! 0 

: ... . -

0 .. 25 

0.30 

0.10 

, 0.15 

0 .. 30 

I 
I!,. 

Veeder . 

L.C.:iQ. 
..... ~ ,Q-

13 .. 30 

12.70 

.9.05 

14.60 

6.~),5 .. ,:­r,/, /, J 

/~. / 

J"f 
)t~ 

11.05 

s.co 

6.20 

12.85 

.. 
'" j . / o· 
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5i 
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0.08 
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~ L?G~<':V I?~)F.. l~ILr/!:;;~~ :!.T!·;.2," 

t:ir.e ~:{Or:-r~il·tgS 

St:::;f't 

F~l.~ze 

E.c.i~~ 

Crl:.:.tc 

t"'~rki: ... ci.c· c·~:ck of, ;:;r beloy! ;.;ect:!.()n or' ~,laD. 

~orl-:i:lc::; in frc:~t 'of', or ullO-V£! scct:l{Jr.:, or plan 

Adit 

;)ro:;r~ect 

Rod:s 

Ls T . ~-:--c{ ... .J..r.,-~. f ... ,. .. "\' • .:> ...... ~ ""'. "' .. ..:...!' ~ ,:,:) ~..!._~ __ ..;... V_l~v \ ..... n\.~J..l...J. t .. ~ r)l":'z......ln. vc ...... 

(t (~-uurtzi to ' 

Sll S1:e.10 

p.-... 1# '=>' (" -r n t"··' ~orrr~y·ry .. l';l111:lirarf)l1. J.!l1:eG.) . 

! ~i.!"!erals 

Gil Galena 

Sop Sr·l:s1cl'it"a 

'2y ?;rr:.tz 

Ch~.l Cl':a1cor:rn ts 

G Gc.rnet 

E. Ep5,:iotc 

ell Ctlorit~ 

eros Carbonatos (not lead ere) 

l'.Si.'l ;'~inar8.1 im t ion 

Alte:rat50n Syr::bols 

r;Jbl l!.arble 

SIs Secondary silicate~ 

c. '"., 

Adit 

Rocl:s 

Ls 

Qt 

81:e.10 

Galena 

s'p Sr-l:s1cl'ita 

?y 

G 

E 

Chlo:rit~ 

Crs Carbol"..ates (not lead ere) 

;'~inar8.1ization 

S1s Second3-~ si1icate~ 



c . r '" 
Al tel'ation Sy;!!ools (eOlit. f '" 

Er~ PQTccll!J.~i t~ \:·L)~::.fel~) 

.:vyr ~; ~ctG.::~orf.\h.oS3d 

O~K G:r:idized. 

31S1 is",tly altered 

G~ Ga.;.:;~, ::;.n 

~{(~ !~:od~r:ltel:r alt·ered 

3T Str~';;31y ;11tnrsd 

F.',: 0 ~)xi~1z2a lr·:)t1 :uir:0r::ls 

Cr:1 Ox:Ic!ized f!Q?p~~r !!~1:~erals 

r.~t~7; gz-ad,'3 '~-!"C =i:'ler31iz~:'ion 

s·{~ 1. :; 1~ ida v:::e: 

')zidiz,:d cr~ 

S-:'r~ctl1'ral Syml)ols 

Cg GC~:.Ze 

Br 31'~ccia 

l?1 t Fa,:.:l t 

F~;llt 2;:1.0 \\!in~ aip snJ. ~? i t,!l 2' !:)f gouge 

Dip C~~ strik'9 of b0CS 

:3roKi.:>:l e;!"o'md !1::>t b:rcccia, i .. e ~, fra;I:-t><mts not rotated 

Jo:t.nting tl:3hear!' O~ f"!:'uctu.rlr-...g with dip 

Dir ection and dip of str5.ati0l13 on t.T!.'..11t3 

!C;1c·~·n contl1ct 

!r.fe:rred cont.,?ct 

angle P!.';;'fo.y i'rr)f:l ple.rLc 0f sec-tion ' 

~~ -.B. 'TihoJ'l ebcve a:>~boln arc oral1~;~ rG~d pre-Or'a: ':/hen rC~df 

unditferentieted; wh9n green, poot ora. 

Some abbreviations /lre f'ormed bv dro:oning consocants " ....... 

of the w')l"'cis 

c . r '" 
Al tel'ation Sy;!!ools {Cent. r--

PI t Fa.:.:! t 

Di!"€lction and dip of st1":!.atiO:'!3 on rt~\llt3 

Some abbreviati ... ms a.re :tormod by dropping consonants 
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=. . ... '!,;. ~.:.~ a t son 
::ill top-via ~ort8.l 
Arizona. 

,T u l:'l 13, 1948. 

Mr. Joseph T. Terry 
1318 co - ~ u o. 1. v ar •• v e • 
Rosemead, Calif. 

Dear Joe: 

Please aCC8lJt my apologies for rr' y c.elinql.18ncy in ans\Verins 
your letter but I have been so busy :9uttin :~ thinGs together 
with the usual uncertainties. ThBse arc no;,- be.i.n::; resolved 
into a definite line of nroceedure. 

" 
210ase let me knovi at your eal'liest 110V[ soon you can co:rre 
up here and how much m,oney you Yiill need to :laVG to br-inG YO;J.r 
equipment or at least the essentials of it alan?; r:ith you. l'WVl, 

Joe, I am in a tough spot for the moment but I need you very 
badly and_if you can come at once Vie can protide accom:-;iodations 
for I,Irs. Terry and yourself and VIe Viill ~;et tOG.ether and l'1iCht 
this thing into production as v!e both :wve done l:Hmy times in the 
past. Let me know where and how rmch to send so 1::hat you can 
cut loose aI1d come strir:ht UD here~ 

'-' . 
':-Ii th, old time sincere rega:t'ds, 

l' . .... . .. t wrnl8 \'1. ;;' 0. son 

... ~:; 

~r. Joseph T. Terry 
1 318 co - • o o. 1. v ar i. v e • 
Rosemead, Calif. 

Dear Joe: 

tTuly 13, 1948. 

....., .~~[. -:':.~atson 

'::ill top-via l:'ortcl 
Arizona. 

PI eas e aCC8lJt my apologie s foY' rr·y cielinquency in ans v'lorins 
your letter but I have been so busy :;mttin :~ thinss together 
wi th the US1.l.al uncertainties. Tl18se ar t:; no ;·.: 08.1n3 resolved. 
into a definite line of proceedure. , 

Please let me knovi at your 83.I'liest 110'H soon you can CO:Tle 
up here and how much m.oney you viill need to ~lave to ol'ing YO;.1.1' 

equipment or at least the essentials of it alons uith you. ~ow, 
Joe, I am in a tou:,:h spot for the moment but I need you very 
badly and_if you can come at once Vie cEm pro.'iee acco~n::--;:o dations 
f -, 'l' - 1 {' - . 11 .I- t . t' - " . -. or ;·;rs. erry ana yours·::; ~ ana VIC Vfl ~~e iJ OS.8 -ner ann l'lsnt; 

this thing into production as VIe ooth ;'lOv e done Y!lany times in the 
past. Let me know 'xhere and how ~1Uch to send so that you can 
cut loose and come striGht up here~ 

':ii th. old time sincere reg al-'ds, 

. , 



} 

Dr. Z. ~. ~atson 
3ill Top,Arizona 
Via Portal. 

Dear rr l'") ~:~iat S 011: 

'./(A 
:;. . 

, 

1318 So. IV<lr !.venue 
Rosemead, Calif. 
'r\U~'us+- ?:' 1 01 , 0 .. ",. ::.:- v '- ..J , ./ L,_C' • 

( ' ,_ , 1r " . .l- +- ) .. 1'Lno. , 1.1. l u von 

I am writin~ this at the ~icks OI l lCS, vilio ~as just told ~ 8 ab out 
your plans and pl'o::;ram regardLl.S ·the lJrOQuction of a Y'0 1 1~;her j i g 
concentrate at Hill 'rop 2.nd rrlillinc; the ji ~-; c oneentrate at Lord.sburg, 
II .11 ~ 

I 'nave just ret'urned from a three vfee k s e n ;:; ;J g e '":w:'l.t i"nstallL1S 
flota.tion process equipr:18nt at tht.~ Butterfly "ine on Irs~{::":''le~re81:, 
or r. ,", .' -'" l-.ern, -,0. \..,D._' . .1....1... 

~.'~l-"l. Frnnlc rlicl{s 1°1a11ti o:l.ed t 11at ~T \_ )U T(,2 .. ;T (le;:32.rl~; --::": ~T 8 er'vicos in opel'ating 
the selective flotation mill at Lor dsbur3 . If so, p lease let ~e 
kl'lO':,' at YClUr earJ,ie st c O:Tveni e::l ce so that I ,::ill not be held , r;J by 
taking on mo~ ore testins work •. My pr e sent inv8sti~ ~ t io~s s~o~ld be 
co;-npleted V/j,tilin the next t".!O days. 

Ple aso reply by air n ail. 

~lth kindest regards. 

Sincerely yours, 

J. T. 'l.'erry 

Dr. z. ~. ~at30n 
3ill Top,A1'izona 
1/ i 0. ? ort a1 • 

:-:" 

, 

1318 So. 1vo.1' I.venue 
Rosemeo.d, Calif. 
·[\u~'us+- ?:' 1 01 ,0 

" -.::..:- 1,..1 '- ..J , / L,_u • 

( 'l-na'p-"l' .l- t 0"-') _. ,' .~ .VJ. V_CL 

I am writing this at the ~icks office, vilio ~as just told ~ 8 about 
your plans and pl'o:;ram regardL'lS -the lJrodu.ction of a y'ou~;her jig 
concentrate at Hill 'rop and r!1illing the .:li ~:; coneentrate at Lordsburg, 
II • 1\1 ~ 

I have just ret1.lrned from a three vfeeLs en;:;;Jge '-:w:'"l.t in.stallL1,Q; 
flotation process equiprrJ.8nt at th(~ Butterfly - -ine on Irs~-::::':''le~re81:, 
or f'. l'._ern, ..J o. 

~:~l-"l. Frrinlc rlicl{s 1'1a rltio:l.ed tl1at :ll-)U T(~2,:;T cle2,2_1lE'; ~-( ~T 8 er'vicos in opel'atinG 
tho selective flotation mill at Lordsbur3. If so, please let ~e 
ILiO':.' at YClUr earJ_ie st cO:1venie::1ce so that I vfill not lJo held I.:'] by 
to.king on mo~ ore testins work. - My present inv8sti~~tlo~s s~oJld be 
cO;l1pleted vlitilin the next tV!O days. 

Pleaso reply by air nail. 

~lth kindest regards. 

Sincerely yours, 

J. 1'. 'l.'erry 
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Dr. Ernie Watson 
Hill Top Mine 
Via Portal,Arizona. 

My dear :S'ri end: 

JOSE? H T. rr::;] llY 

"~ 
'( 

131r) So. IvaI' Avenue 
Rosemead, California. 

H ovember 8, 19tiB. 

Mr. VJicks and I still talk about our enjoyable trip to 
Hill Top, and sojourn under your hospitable roof. 

I made a o trial flotatIon test on the Jlg sample with apparent 
good results but desire to check it before makine; a definite 
statement. 

V:ith this idea in mind, I would appreciate receiv:;'n :s about ten 
pounds of a composite basket and. hutch concentrate. 

I have faith that your ability and tenacity will overcome all 
the adverse odds and that success '.vi ;.l C:PO','lD your efforts. 

~ith Very kindest regards, 

Sinc erel y yours, 

JOS 3PH T. TERHY • 

,.- ' . 

/' . 

. ';' 

. .. . ' d- ·· 

Dr. Ernie Watson 
Hill Top :Mine 
Via Portal,Arizona. 

I:Ty de ar }'-'ri end: 

. ... ..~ 

JOSE? H 1'. rr : ~2. F;Y 

. t~ .. 1 . . . 'r ': 
\ --.. : .. 

1316 So. Iver Avenue 
Rosemead, California. 

November 8, 1948. 

Mr.Viicks and I still talk about our enjoyable trip to 
Hill Top, and sojourn under your hospitable roof. 

I made a trial flotat.Lon test on the jig sample \'vi th apparent 
goodr,3sults but desire to check it before makine; a definite 
statement. 

Viith this idea in mind, I would appJ'cciate rec8ivin ~~ about ten 
pounds of a composite basket and hutch concentrate. 

I have faith that your ability and tenacity will overcome all 
the adverse odds and that success wi;.l Cl'O\'ln your efforts. 

~ith Very kindest regards, · 

Sinc erel y yours, 

JOS B?H T. TEnEY. 



'" " 

Test No. 2 

' /~c "; -,..- .. 

JOSEPH T. TERRY 
1318 So. Ivar ~venue 

Rosemead, California. 

De ce:nb er 16, 19).i-8. 

/",). 
' . ( ,~ 

Piedmont Hines Inc. JiC; Concentrates. 

'" 
Assays. 

d L ' r:/ ' "'J • 

: '~1"it 
.' J ~ ~ • X Assa]l. 

Product ',";eight in 
Grams 

Lead Concentrate 170.5 

Iron Concentrate 60.3 

r.~iddling 52.2 

Tailing 267.0 

Heads 500.0 

,:,J 
,'1'''..1-

.. '~ V • 

34.10 

12.06 

10.4-4 

53.40 

100.0 

/0) e aQ ;owlnc. 100 

63.1 7.0 21.51 

31.1 8.5 3.75 

15.3 9.5 1.59 

2.5 4.9 1.33 

26.2 b.7 ' 26.18 

Distribution of lead and zinc in oroducts in percentage. 

Lead Zinc' 

Lead Concentrate 73.33 34.00 

Iron Concentrate 13.30 Ih.57 

I~iddling ~ /L >.0 ~ 1.L~ 

Tailing 7.83 50.02 
100.00 ' 100.00 

2.38 

1.02 

0·99 

2.61 

7.00 

'llhe material tested by Plotat :~ on, is 0. jig concentrat,,,) in n ~llC_'1 t ~,1e ler .. cl 
and zinc contents are largely in an oxidized state. Oxidized zinc does 

~ not respond to seloctive flotation and its r ecovery in narketable for~ 
by leading or other methods will necessitate considerable experi~cntaticn 

'1'he JlS concentrate VIas ground in a laboratory ball mill to a v:et pul,'P, 
100 percent minus 80 mesh. 

By combining the lead concentr2.te, aYld the iron concentrate, plus a 
calculated recovery of 73.33 percent of the lead and zinc in t::te middlinS 
gives a calculated total recovery,of 90.76 percent of the total lead 
assaying 5J.~.73percent lead and 7.38 per cent zinc. 

Respectfully submitted, 

JOS }~PH T. TERRY ' ." 
.~.: ~ < 

Test No. 2 

;' -".-- .. 

" ~ - . 

JOSEPH T. TERRY , 
1318 So. Ivar ~venue 

Rosemead, C&lifornia. 

1',' -' , ,' 
, ~ 

'r" 

Piedmont ~,1ines Inc. JiC; Concentrates. 

Product ·,';eight in 
Grams 

"" ,:':; 
Assays. 

;~ Lead 7;Zinc. 
;;Vlt. X Assay 

100 
~ "\," .. .J... 

.. "~ v • 

Lead Concentrate 170.5 3~_.10 63.1 7.0 21.51 2.38 

Iron Concentrate 60.3 12.06 31.1 8.5 3.75 1.02 

]\~iddling 52.2 10.41;. 15.3 9.5 1.59 0.99 

Tailing 267.0 r~ j,o 
.?j.-t- 2.5 4.9 1.33 2.61 

Heads 500.0 100.0 28.2 6.7 ' 2b.18 7.00 

Distribution of lead and zinc in oroducts in percentage. 

Lead Zinc 

Lead Concentrate 73.33 34.00 ' 

Iron Concentrate 13.30 Ih.57 

I:;iddling ~ I"'L 
~.o ~ 1 .LJ-l 

TailinG 7.83 jo .02 
100.00 ' 100.00 

'l'he material tested by Plotat~on, is a Jlg concentI'ate in ',/ ~lic:'1 t ~:le le r:t c 
and zinc contents are larGely in an oxi d iz ed state. Oxidized zinc dOeS 

~ not respond to selective flotation and its r ec overy in narketable for~ 
by leading or other methods will necessitate con3iderable experi~cntaticn 

'1'he jig concentrate VIas ground in a laboratory ball mill to a wet pul,-P, 
100 percent minus 80 mesh. 

By combining the lead concentrate, 8.....Yld the iron concentrate, plus a 
calculated recovery of 73.33 percent of the lead and zinc in t~e middlins 
gives a c~lculated total recovery,of 90.76 percent of the total lead 
assaying :-t~.73percent lead and 7.38 per cent zinc. 

Respectfully submitted, 

JOS }~PH T. TERRY 
""' " ~ ". " 
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.i~d '~isenhauer, Jr. 
320-322 So. San Pedro 
Los Angeles 13, Calif. 
Phone VA 9328 

.. ~ .... - .---., . . 1(>" 
\ ....... . ;.-J 

ASSAY CE:~TIFICAT:S 

Los Anseles, Calif. Dec. 16, 48 

I hereby certify that the s&'TIples described belo\'!, received from 

J. T. Terry, assay as fo116ws: 

Qvmer IS r"2.rl-:: 821 d s amD1e 

Heads 
Vidds 
Lead Concent. 
rr ailin ;~ s 

?yri tic Iron 

,,",' ,..,' . "'12 00 ~na .. G;e. "?_. 

'. 

Percentage of 
Co';:mer Lead 

20.2 
1 5 .3 
63.1 

2.5 
31.1 

,or· 
~lnc. 

< 7 G. 

9.5 
7.0 
l~. 9 
8.5 

~:d -;>~ '" cn1, '1 "'YI T", ( Sl' ron ar: ) 
.; ...,J . J ...... .:J . ~ .al.,..~\J"" U.L. ~ .J~j. c-''-.Ao. 

Assayer 

· . )1. -

Ed;~isen11auer, Jr. 
320-322 So. San Pedro 
Los Angeles 13, Calif. 
Phone VA 9328 

.. ~ ..... ~ '--" .. 

ASSAY CE-~TIFICK.r:s 

Ir~' 
\ .... _-:.:. 

Los Anseles, Calif. Dec. 16, 48 

I hereby certify that the s 8.J.'np1e s described bel o\'!, re co ived from 

J. T. Terry, assay as fo116ws: 

O~nerls mark and samnle 

Treads ' 
L~idds 
Lead Concent. 
rr ailin;~s 
?yri tic Iron 

·~1l2.00 

Fercentase of 
C O-;)Der Lt; ad 

20.2 
15.3 
63.1 
2.5 

31.1 

7 ' .:.Jlnc. 

< 7 G. 

9.5 
7.0 
h.9 
8.5 

( sisned) 



f,lr. Erne ';'latson 
Manar-:er ,:;> 

('(-, . ...... .... _ .. 

JCSZPH '1'. 'TERRY 
1318 So. IvarAvenue 
Rosemead, C <llif orni a. 

January 21,1949. 

Piedmont Mines Incorporated 
Hilltop, Arizona, via Portal. 

Dear Mr. Watson: 

t',-r)'}--.. . {-. ::~:~-' 
'-, " -

I a;n sending you for inspection, samples of sulphidized lead 
carbonate, iron pyrite and tal:2..iacs from your jig concentrate 

.F by my selective flotation process. I"~y process is applicable to 
mixed sul :ihides and carbonate ores. 

Because of the, fact that the valu2.ble minerals in Hilltop ore 
are finel y disseminated throU;(:l the Gfu'"1gue ;natrix, it is my 
opinion that your present equip;:';.e~lt of a crusher, rolls 81d jig 
are not adequate to effect a satisfactory recovery. 

One cannot go Vlrong by duplicating the design and specifications 
of successfully operating mills, built for example by the Denver 
Equipment Co. or';"lestern I':napp Co. ' 

Under my method of treatment three separate banks of flotation 
cells are required YJith conditioning tanks between, for lead, 
zinc and pyrite, respectively. 

If you vall let me knOVI Vlha't tOIT.'1acemill you contemplate building, 
I shall take it upon m.yself to send you plans, specifications and 
data. . 

I am still hoping that the day is not far off "oj/hen Mrs. ' 'ferry 
and I can join you at Hilltop. Inc Ldentally, Mrs. T. is 8..'1 excellent 

- cook. 

'Ne arc having a drizzling rain at this 'writing. 

HopinG; that this finds you v:elland cormfortable, 

Sincerely yours, 

JOSEPH T. TERRY 

1 
.. I 
! 
1 
.j 

-' '"' .... .. ... --.. ("?--~" 
. : '. . 

--. 

JCiSZPH III. iTERRY 
1318 So. IvarAvenue 
Rosemead, Calif orni a. 

January 21,1949. 

hTr. Erne Hatson 
Manager 
Piedmont Mines Incorporated 
Hilltop, Arizona, via Portal. 

Dear Mr. Watson: 

I a;n sending you for inspection, samples of sulphidized lead 
carbonate, iron pyrite and tal:2..incs from your jig concentrate 

f by my selective flotation process. ;:.:y process is applicable to 
mixed suI :,hides and carbonate ores. 

Because of the· fact that the valuable minerals in Hilltop ore 
are finel y disseminated throu;(:l the Gahgue -:natrix, it is my 
opinion that yOllr pl"esent equil)~:;.e~lt of a crusl1.er, rolls 81d jig 
are not adequate to effect a satisfactory recovery. 

One cannot go Vlrong by duplicating the design and specifications 
of successfully operating mills, built for example by the Denver 
Equipment Co. or';"lestern I':napp Co. -

Under my method of treatment three separate banks of flotation 
cells are required VJith conditioning tanks between, for lead, 
zinc fu'1d pyrite, respectively. 

If you will let me knOVl Vlha't ton:.'1ase mill you contemplate building, 
. I shall take it upon m.yself to send you plans, specifications and 
data. 

I am still hoping that the day 
and I can join you at Hill top. 

- cook. 

We are haVing a drizzling rain 

::'s not far off v/hen Mrs. ' 'ferry 
Inc Ldentally, Mrs. T. is an excellent 

atthi s 'wr it ing. 

HopinG that this finds you v:ell and 8ol1l!fortable, 

Sincerely yours, 

JOSEPH T. TERRY . 

I 
; 
I -., 
! 

~ 

1 
I 
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Jos:spy-r T. T E2RY 
Metallurgist - Ore Treatment 
Mining - Yilling - LeasinG_ 

o 

Dr. Erne '{!atson 
Hilltop, Arizona, 
via Portal~ 

De ar iVlr. 'Hat son: 

1" r'c'''' 17 lQ) '9 .· ·a ... J. , .r.,... 

1318 So. Ivar Ave. 
Rose:nead, Sc.lif_ 

.Tel: Atlantic 65932 

- Herewith is the tabulated result of t h e flotation and 
s ravity concentration test on your ji3 tailinGS based 
on the r~-flotation of the tailins s from the previous 
test reported. I ov;e Mr. Eis ;:mhauer Jl.75 for the last 
assays. 

-' 

I "vas in ,Frank Yiicks office yesterday, and he n:.ention :;d 
that therr is s till a chanc e that you may W2.."1t me on your 
staff at / the mine. :Nothing wOLlld p Ie ase me n:ore than to 
work for and With~You. 

'l'rusting all is well with you physic '-~lly, spiritually and 
financi~ll y, 

.. ) , 

/ ?,-·, .. f ~ " ~l' nCAr n 1 'T yours 
.~ ,-'... .J "-' - ' J I , 

Joseph '1'. Terry 

c 
o 

p 
y JOS:·SPI-I T. T E:2RY 

Metallurgist - Ore Treatment 
Mining - JiillinS - Leasing. 

o 

Dr. Erne V!atson 
Hilltop, Arizona, 
via Portal~ 

Dear i\~r. ",'jatson: 

l/arch 17, 1949. 

1318 So. Ivar Ave. 
Rose:ncc..o, CO.lif • 

. Tel: Atlantic 65932 

Herewith is the tabulated result of t h e flotation and 
s ravity concentration test on your jit tailin~s based 
on the r~-flotation of the tailing s fro m the previous 
test reported. I OVie Mr. 2is ,:mhauer :;>l. 75 for the last 
assays. 

I ""vas in :Frank ~:;'icks office ycsterd.ay, and he r::.ention Jd 
that therr is still a chance that you may W8..I1t me on your 
staff at / the mine. If othing wOLlld p lease me rr:.ore than to 
wcrk for and 'ilith\ you. 

'Trusting all is well with you physic : ~lly, spiritually and 
financi~ll y, 

. i::..- -' .... /· ( :3incer el:[ yours, 

Joseph '1'. Terry 

-'J; 
-.. " 

.\:~:~ 
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1 Gravity and flotation concentration test on 
Hilltop jig concentrates. 

';leigh t in V~·t • in Ounces per ton 
GranlS ;/ Gold Silver /0 

Percent 
lead. 1 

Gone entrate 1~7 .5 39.50 tr 6.60 
i,~iddling 1 3.0 28.60 tr 2.02 
Pyrite 7.7 1.51.j.. tr L, .• oO 
'railing 151.8 30.36 tr 0:17 

/ Heads by Assay 500~O 100.00 tr 3.33 

Percent weight X assays equals Heads by calculation 

Concentrate 
T[;iddling 
Pyrite 
Tailing 
Heads by calct:ihtion 

8il ver 
2.607 
0.577 

.061 

.05'1 
3.290 

Lead 
23.818 
l1-.26l 
0.000 
0.297 

25.376 

Distribution in per cent of total values 
Silver Lead 

Concentrate 79.09 83.93 
Tf.iddling 17.50 15.01 
Pyrite 1.85 00.00 
Tailing 1.56 1.06 

100.00 100.00 

/ ' 

60.3 
lLL.o , / 

00.00 
0.98 

2B:I:iIj: 

Calculated 
· 79.09 X 

recovery, 
17.50 plus 79·09 

83.93 

equals 92.93 per cent of total silver. 

83.93 . X 15.01 plus equals 96.52 per cent of total lead. 

Ratio of concentration. 

Concentrate minus tailing 

---------------------------------- based on s~lver 2.30 tons 
II 

into 1 
!I 1 It 11 . lead 2.16 

Heads minus tailing 

This test was made on tailings from a previous test representing 
33.59 per cent by weight of pulp and assaying 6.7 per c ent lead, 
by state sulphidizinc; and flotati on. producinG a tailinG assaying 
gold trace. Silver 0.17 ounces .% lead .098 Previous calcuations 
v:ere rectified to conform to the final tailing. 

I 

I 
i 
l 

I 
I 
! 
I 
I 
j 
i 

1 
! 
l 

r 
l 

1 
I 
1 
;! 
i 

. " . t~ 

-A , 
. j 

1 
\ 

i 
~l The flow sheet recomnended is Grinding tlle jig concentrate in a rod 

mill. Classify on a 35 mesh screen and return the oversiz~ to the 
mill. Tan '''':1'' t:; .~ 

.... ~~ 
,;i 

/ 
. ~ ... . 

Gravity and flotation concentration test on 
Hilltop jig concentrates. 

';:eight in v,;t. in Ounces per ton 
Grams 

.. ! Gold Silver ?? 

Concentrate 1~7 .5 39.50 tr 6.60 
I.:iddling 1 13.0 28.60 tr 2.02 
.P~rri te 7.7 1.5)+. tr LI_ .00 
'railing 151.8 30.36 tr 0:17 

.<'Heads by Assay 500.0 100.00 tr 3.33 

Percent weight X assays equals Heads by calculation . 

Concentrate 
Ifiiddling 
Pyrite 
Tailing 
Heads by calctfu.tion 

Distribution in per 

Concentrate 
l.~iddling 

Pyrite 
Tailing . 

Silver 
2.607 
0.577 

.061 

.051 
3.296 

cent of 
Silver 
79.09 
17.50 
1.85 
1.56 

100.00 

total 

Lead 
23.818 
. Lj...261 
0.000 
0.297 

26.376 

values 
Lead 

83.93 
15.01 
00.00 
1.06 

100.00 

/ . 

Percent 
lead. 

60.3 
lL~. 9 
00.00 

0·98 

28.44 

Calculated 
79.09 X 

recovery, 
17.50 plus 79.09 

83.93 

equals 92.93 per cent of total silver. 

83.93 X 15.01 plus equals 96.52 per cent of total lead. 

Ratio of concentration. 

Concentrate minus tailing 

---------------------------------- based on s ~ lver 2 30 ~ . tons 
II 

into 1 
II 1 II II . lead 2.16 

Heads minus tailing 

This test was made on tailings from a previous test represen~lng 
33.59 per cent by weight of pulp and assaying 6.7 per c ent lead, 
by state sulphidizing and flotati on. producinG a tailinG assaying 
sold trace. Silver 0.17 ounces .}b lead .098 Previou.s calcuations 
~ere rectified to conform to the final tailing. 

'I'he flo'.'" sheet recommended is p;rinding the jig concentrate ina roC. 
mill. Classify on a 35 mesh screen and return the oversize to the 
mill. Tan 
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Table the 35 mesh pulp and tal:e off a lead concentrate. 
out a · sand middling on the table &~d return it to the mill. 
Run the slimes table tailinG to a conditioning "tank and then 
by step sulphidizing recovor a flotat I on concentrate. 

It is my opinion that this c an best oe done at the property. 

On oxidized lead ores, classification o'n stainless steel screens, 
and concentrators is superior to free settling classifyers 
such as the Dorr, thereby a~oiding over g rind of the lead 
minerals. 

~TOS E?}i T. rrERF{Y 
3/17/49 

,r-... 
" t""'" . 

. \~.\ y .... 

- ' .. ~ ,.' /~ .' 

~, ( '.' 
" ... :.:.::.~, . ' . :. 

Table the 35 mesh pulp and tal:e off a lead concentrate. 
out a · sand middling· on the table fu'1d return it to the mill. 
Run the slimes table tailin~ to a conditioning"tank and then 
by step sulphidizing recovor a flotatIon concentrate. 

It is my opinion that this c an best oe done at the property. 

On oxidized lead ores, classification on stainless steel screens, 
and concentrators is superior to free settling classifyers 
such as the Dorr, thereby avoiding over g rind of the lead 
minerals. 

"" ,," 

.TOSE?H T. 'rERHY 
3/17/49 
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, ' LEGEND FORHILLTOpimm 

Nine \'Jorkings 

. Shaft 

Winze 

Raise' 

Chute 

Viorkings back of, or below section or plan 
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