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When . the d.i~rupti'on of' gold mining ,~toppedth.e u~ual source o{:~iliceous 

flux needed ' by , copper smelters, saIlclstone' coppe'r deposits in northern Arizona 

offered possibilities as a source of' the :~lux . durirtg t.he war emergency. The 

Federal Geological Survey, . whiie ' making' a 'comprehens ive survey of sands!-one 

_ copper deposit?, investigated the Warm Springs mining distri\1'~. , in, north .. 

.. central CoconinC? C01JI1ty in AUBust1943. ' 'A' month laier~ J. H~':.He d.ges , chief 

. of the, Tucson Divis1qn J Mining Brailch~" Burea'~ of Mines~ examine . t:p.e opera-

tions in c9~~~,ction: .. w?-th anappii.C~tion ~.:r.?.r: an access road~ ',,: ~; .. ;, , .. 

Both investigations con~iu&ed that the district, as an e~ergericy ~6u;~e 
of copper-bearing siliceous flux, had considerable lnerit, provi ded high ' . 

prices for copper .continued in effect. 
" ;,'" 

Ea:cly in ' +944~ 'V~ M'. R3ran and g"B~ ~therie'y' requf?s ted a.ssistarl y,e'.,~rom 

the 'B:uroau' in exploring various deposits ' on thei,r' property. 

The Bureau3./ drilled 152 hO .. 88, ;3 -...... , .............. -- .'" ,-
-":,,,;:,--.-

and Mackin grou'l)s c': ,- .... , ..... , .... --
._ •.• _ _ "":_..;.. •• -" ....... _ <J _ 

, ...... r"" _. , •. r-'; '. 
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'Mining engineer, :Bureau of Mines. 
'. Stanton 'L~ '" Tainter, pi""oj'ect enginedr~' 
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ACKNOWT~DG..1>.1ENTS ' 

In its program of exploration of mineral deposits, t~e Bureau of ~~nes 
has as its primary object the. more effective utilization .of our mine.2"al re 
sources to the end that they make the greatest possible contribution to 
national security and economy ... · lt .. i$.the·.:p·o"iicy of the Bureau to publish 
the facts developed. by each exploratory project a$ soon .as practical after 
its conclusion • . 'rhe Mining Branch, Lowe:i:l : 'B~ Hoon, chief, conducts .pre
limina):'y~~e.i8.minat:tons~ perfO'rms the actlla.l.:-<;;.XJ)loratory work, and prepares 
the i'inaJ,J8.port- •. 'The Hetallurgical Branch, R. G. Knic~er'bocker, chief,? 

.... : ·:-· anci:1yZ'·~~·· samples and perf~.l."!l1s benyficiation tests. ..,-- .. . ' ,' \ 

With respect to the i~1Vestj~ga,t-;ions . . li'eported· in this paper, the functions 
of the Mining, and Me-callurgic·atBra..'1.ches . W61"e carried out uncleI' the direc-' 
ti on of J. H. Hedges, d.i ~ trict · eng;l:))t;J.Qr for Ari zona) and S. R • Zimmerly, 
regional engineer} respecti vel;j.· . The Federal Geological Survey mapped the 
geology, recommended drilling 8i tes, and logged th~ · dr:iJ..l.,];;oles • 

. . ::;'~ .': . . .- :..: ..... . ', ...... ' ...... , ;'." .", ; .. , ~ . ; ., .",,';:,' ; ~'. 
,. , .. ,', . - "LOCATIOjj AND .ACCESSIBlLITY· )' .. . . ;. . 

' ~ ' . .: .. .... . ~ ,, ' . . '",:- .. ' .. . ..' .. .• ~ .• . ' .' .. ; ~: 1. .:. ~ ; ~. ::'; ' : . '. .' .' . ; . . ~:.: ':." " 

The property.' 'i'W' apprdximat'o'ly 2; '7]4i1es vlest or' Ja:cob tak.~ Post Office in 
the Warm Springs 9~: Jacob:' Lake' inini~g, (i:i.~:tr;Lct,,. COCDh~4.6:·Co.UIfty, Arizona. 
(Fig. 1.) The cla:Uas ' a.:cc accessible by .a.grave'lled· acce:ss·.;r'Qad from Jacob 
Lake, .,rhich is l67miles 'north' oi" :Fj.~g~t~ff ; Ariz • /'a:nq: 159.···m:tles south of 
Marysvale, Utah, G>ve:r: ~pa:~E'id·'nigh~~~:1J., .S. ,£9,t, 'Maryg~~.lq 1il"\he terminus 
of · a branch line from Salt "LaKe' Ci ty ,:®f ' :the: Denver & :Rio .Grande '\{estern 
Railroad, and Fla,ss-t·a:ff :Lit 'ci~ 't'heAtcitisQn'i" Topeka, ' i S~ta'F~ Railway. 

" .. ...... ".': . 
. PHYSICAL FEA.TURE.S·.AND CLJJllATE .. , ' ; .. ' .' 

, r " • : ~ :' , 

The claims are. on the Kaibab Plateau near ···the ~l.est¢rn margi~ of the up-
"liftat an' alti,t'Ud~of 7,"900 'feet.: ~ .:th'~ .. ,topographY of t 'he .area is ' charact"ei

:: ·iz.:e4. 'by ,serie's' Q-'f. ridges and canyons'.:.; Thel'4ackih an.:ci' ~~foskey . groups of 
" tih'iinS ·aresepar.a.;t,ed. ·by Warm Springs Q<;IAyon, a, ·dee-:p .-"£,'tp:iqh"dl'aining westward, 
. ;Jaco'b LaKe .' ~ :s ~e;dia;;t'ely southeast ·9f.:rthe Mackih' ·gr:ouii, :an~ Lambs 'Lake is . 

' cih . tp.e . petos~e;Y : Broup. . . . - . , , ' " . ,.-,,~: . ". , . ' :: 
' i . t" . I 

• ' •. : . ,. ... . • . .\. ~~ :.... ~ • ~ . ' '. • . • ~ . : .1 .: , ..... ' .... 

. ~:'Water is a problem on the Kaibab f.:lateau~ fOl~ ' there are no :flo~'ins 
streaTIis, and.' the small bas ins feCi. "by melting snow form. i :l.tc---:· . .: v 

which dry up during the su.m;rnel' monttls .;.c·.A I'i',::.r:h ':,,~, v." 

fq~d alone;. the western edge of' t he ' ",: _ .:,~ ~ , .:.. 
I. ..~ ' \.~.. . " +') R . h ' ..... :. sout-n· OJ,. yan,'.:lS per aps 1.1 •• 0 .... ~._~"'-'vw • . ' 

The plateau s:upports market8:ol.~. ~;i,1D.O sr. , ?inc:J:" .':, '.j'),1:(;i''P·8 S:row a ·c . 0:.1 

., -a,;L:ti)=,ttde qE:J,.QV{ that · of Jacob ·La..l(e. ::.Pol!-Q,~rosa pine"g-r'o,/s":in the .vicinity of 
'Jacob 'Lake, and EnBelii1~ spruce, ' Douglas, 'vhi te, ~d i\J,pine firs;,groVl ,<:i:t· 

- higher ·altitud'es·. The' greater par:t . ~9r , t~e. tlllibelned-- ~~e~~iswith1n. the~KaJ..bab 
National Forest. t·: ,' ,. . ,,". '" . ' . :: 1 , ': ;, "" .. , ~ , . .. . .. ~ \,. . .. 

. .:.':-...... '. ' :.~":" " ,: . '/:,. :: , ~~.: " . . '--:.. ~.;, 

SnOlvfall prohibits open-cut opet:~:tions fr-om"JmlUary to · lv1ay~.;;DU:dng· , 
1944 J snow r .emained on th~: 'ground\ after November 12. No trouble has :been 
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Figure 1.- Location map, Apex copper project; Coconino County, Arizona. 
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experienced from surface "raters ~looding t ' e open-cuts during t wo seasons 

of operations. 

Climatic data recorded by the Federal Heather Bureau over a six-yea::

?G::":::'od. u 'c, :S:::':'e:--t 1-... '160J..) 1:·1 miles south of Jacob La.."k;:e) is shown in the 

fallo,ling table.. :::':_,,- llinter.s at · Jacob Lake are a li -:tle ,rarmer than at 

Bri8ht Al"l6el. 

T ' 0"'. 6mperat,ure, .j.' 

, 

lPreciPi tation, ISnmolfall, 
I inches I inches 
I 2.69 24.4 

I
· 3.34 22.2 

2.02 16.6 
: 2.93 l~·.l 
I r 4 . 
j 1.20 .4 

·1 1.10 T 
, 2.27.0 
I 2. 47 .0 

2.93 .0 
1.86 5.2 
1.83 12 .7 
2.15 19.7 

26.85 119.3 

HISTORY 

The first development work was done south of Wanll Springs Canyon by 

the Petoskey Mining Co. Bet'YTcen 1900 and 1902} the company acquired five 

patented claims, built a steam pumping plant in Warm Springs Crulyon near a 

spring 3 miles from the ml11site, and finished construction of a leaching 

plant. Copper was to be dissolved frem the ore with dilute sulfuric acid 

and preCipitated upen scrap iron. Before the process was tried, fire de

stroyed the plru1t and operations ceased. 

In 1901} the Co' conine Cepper CO'. lecated a greup ef claims, predecessor 

to' the ,t,1o.ckin group, nerth O'f Warm. Springs CanyO'n. A small tonnage ef ere 

waa treated in a reverberatory furnaCE;; at Ryan, 7 miles west ef the prO'perty. 1-

The sm.elter failed because of the high silica content of the ere. A plant 

was then erected to' use the Neill and Burfeind precess. This '\'Ta3 probably 

the first attempt to' leach cepper by using sulfur dioxide as a leaching re-

agent. About 1902) a patent was issued on the precess, YThich CO~1.s:Lsted ef 

exposing the oro to the action of sulfur diexide, removing the dissO'lved 

COP1)er in solution from the ore, and driving off the excess sulfuro'..:.~ 

by heating the selution and precipitating t he COTJue:c' p Co ., •• , ." 

,.;as discontinued. because ef the i nsta : '_ .. .-

the plant was l eased to t:-,r;; :-" v .•.• ~_(..C. :.... .:.:" •• ' 

Gxperimentc'::' ... ~:~ _.'N', _ .. , .. ...:..~- :_ . .:._:. ~ __ c- c::,,;. 

The j3Uc.~s:s_.;:in l'"OW.l.·",3..:L-. Cic)pv:':' Co,) :;.n jSC~) at t. emp ted. c :pcri' e 'val. 

leaching. Eight additional claims were patented, and in 1916 a few tons of 

selected ore was shipped. This was fellewed by a peried ef considerable 
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S:toc,k prom.oti'ou, 'but thel~e was little mining activity in'the dis trict U-Tltil 
1928. The Kaihab Copper Co. "Tas organized 1919. Lat er t.hat year.', the 
company, "'8.S reOl~ganized as the Kaibab Smelting Co.,. and in 192,1 it l.,ras 
merged with other companies to for.m Allied Mines & Recovery Cd. 

' Abcn.tt '1928, ' the Saintl.\Pth~~y ·Copp~r ' C~. was ;organized to mine the ore 
, , oy,stee.m-shovel mettlOds. ' Considerable 'trenching and test-pitting was done 

.on the ~ack.in group •.. ~ :cailro<;id. wa,~ built to Ryan to: a ne'l.;ly constructed 
,1,0o.-ton blast: tu.rnace. Fire destroyed the plant about 1929) and operations 
'\olere suspended.. About 1,000 tons of 8-per'oent copper ore was shipped to . the 
smelter at Garfield.' Later, the Los Angelos Exploration & ~etai 'Co., Ltd., 
~Qbtained title to the St. Anthony Co. I s holdings. . 

,. In 1939, the United States Metals Corp. acq,uirod. control of' t'he prop-
-c.rtics. The pdnes I{ere roopened u-l1der a leasing s'ystem, but prodv:ction was 
.small and. spore.dic until 1945, ,,'hen Harry W .. Patte:rson and Arthur ,{. Simmons, 

... oporating as tb.0 Apex Mining Co,} leased t-he propotty. Open-cut mining was 
s;c?-rtcd in July- on the Mackin deposit, ar..d· later -cha~ yoar: operations 'were 
p.hifted: to th/3 Petoskey claim group. - vIining',was halted. b-y' hee..vy sno'\oTf'all ' in 
pecember. Production amo1.L."lted to 5,192 tons of L~.98-percent copperor'C, , 
dll.r,ing the season. ' ' , 

In ,the spring of 1944, V. M. Ryan and S.B. Atherley subleased the 
Petoskey and Mackin groups and mined 9,246 tons of ,{.l)-percent copper ore 
fran. the ,Petoske;;r op.~ ,cut, Copper Glance., ~d Kennedy claims to December 
of ,; ~ha t year. 

PROPERTY P.ND OWNE ... 'RSHIP , 

ThreE; claim gr,oups comprise the property - the Potoslccy group of 7 
pa tented c1aira.s, the Mackin group of 12 patented and 11 unpa-cQntod claira.s, 
and the Pha"ltom group of 5 claims, of which on~ is patented (fig . 2). The 
P}:lantom group, about 4 milo.s north of tho Petoskey Group" was not i nvosti·w 

g~ted by tho Bure~u. 

'l'hirty of theclainis are owned and f i vr;; 
by the" uni ted States Metals Corp.) ,5 .0 . '"oJ .~ 

, ~oY'S. Gangestad i s ' prc8iC:.-~·'::, ,.,,_ _ ..• y .. oJ ": 

corporation. - . 

I 

G~010 Y Ai'iD OBE 0 C' l:mEi· ~ ,t 

Kaibablimestono. of ? ermian 'abO covers , the plateG);'u,a..."l.d only area s cut 
, into ,by ' deep erosion ' oxpose the undorlying Coconino sand.stone and Supa i 

formations. Kaibab "limestone in the district eonsists of calcareous, sandstone. 
cherty limestone, snd chcrto 

,The ore b~di~s e:r'~ ribbonlik0, irregular runs ly-l:r;tg nGarl~ ~la.t, and 
follQ'\oTing the ~,stro.tifici.1.tion. They appyar to haVe:> formed at t he ,:intersection 
of fevor-uolo'beds end vertical fissures, Thoy var'y in '-ridth from 10 to 50 
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feet. The only ore bodies wider than 20 feet are the Ke~nedy and Petoskey. 
The thickness ranges from a knife e~ge . to 14. feet) although thickness. in 
excess of 4 or 5 feet is lli~common. ~uneralized beds occur to a depth of 30 
feet below a sandstone capping, but" tb,e base of the runs is seldom over 15 
teet below t he. capping. W'ne::ce erosion b,a~ removed the. capping, the tops of 
the runs sometim.es crop out, but usually they are covered by a th..in mantle :: 
of soil and forest debris. Limonite -stained cherty sa..rldstone frag:L.ents are 
generally th.e only .surface indications of' copp~r mineralization . 

• I . 
,. c'. . 

Malachite and azurit~ ·are the ~rincipalore minerals. Chalcopyrite 
a.11.d chaJ-coc~ te occur locally. Gangu,e. consists ma.inJ,.y of. chert and sand
stone. The average specific grav;ity of the are is 2.6. The copper con
tent varies greatly within the ore zone. The limits of' mineralization are 
sharp in cherty sandstone .. replacemel1,ts .. . and ·a,re gradational in. zones of .. 
bl'ecciated chert. Gold and silver 0001,l.1' in small q,uantities, Afl increasing 
amount, of silver has been noted in shipm.ents .from. the Pet'Oskey pitas it has 
advanced south\"ard. 

<: 

MINE VlORKINGS .. 
.' , 

Past Ope~~ations 

The claims have been prospected by numerou.s shallow test pits and 
trenches. R ' . B.~ Brinsmade wrote) In. the Engineering and Mining Journal in . 
1907, that cO.l1:sj..derable · drilJ.,ing had been done · in the district previous to. ' 
the trenching:;;md test:. pi tting, Th9 property was worked: by open cuts in 
1943-44 without additional development. TherE; are. three. abandoned pits
Maclcin No .1) Copper Gl8J.1.ce, and Kennedy. 

:fresent: OperatiOnS 
. , ', .. : j' , 

Petroskey Group, - About 90 'percent. oi'.;:the· ore shippe'd from the 
claims during the S1,UIIDler of' ·1944 was pX'Gduced frc:n the Petoskey open cut·.: . . ' 
( fig . 3). Mining operations W8l;'e . pegun. Qn the nor'thern end of anore;,rut:J. . .... 
on tho crest . oJ th~ SU;L<th slope . of Warm Springs. Canyon. 'l'ho aut) .. 2.0 to 50 
feet wid.e , and about 20 fe.st deep} has been advanCed southvrard .'(15 fe.et . :.; 
across r.el9-ti vC;ly flat terrFtin . . The sorting bin, s9rtine; belt) and chutes 
w",re located near the mouth of the cut . A:bout 75 tons of ore was shipped 
daily, v/hich req,uired the removal of about 3 tons of overburden for each 
ton of ore shipped. 

Stripping. of overburden was carried on i:mm.e.diately ahead: of tho;:, ore 
face, whiG~. '{p.,s J;JJ.:i!ned.. in benches at . right ane,les tq·.cthe :t;rGnd,Q~ v " :~., 
Several feet of soil vas romoved with a bulldozer. r,: ..... 

,,,as tnen drilled and blasted ' and cast asid.e vi -;:" . _ ....•. v. 

cst depth. of overbv.rden stripp~d. to 1"' . __ ".'~" 

removed. ·from 6 . to 12 fee l:, -. 
Explor8..ti.Qn .con~~-· -"' ::: 
tl-- n .~ .. " 

·J-.J __ .. w -- Vv 
-.. .... "': · .... c.j _ ,_, VY.,..l.. 

~~vv " :'::3 jy ,,~.:....:, ..ll0,,:-.v-,-. :;~ -:nJJ.y cases 'cne :Oo-c-COJl ~anU. ':; J.GlU lii...J.J. ts v-;" ';:':10 ore 
-\'I,,:.:-ou no'c pro:per':"y a.c::l:"ln.itCCl , anclas a Qonsoquenccl i~c. .. \as been nec€>s ary t o : 
TGCast ovt:rbul'd6n several times. . .;,' , . 

.,. 5 '-" , 
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Tho caterpillar-Diesel, modQ~, RD -8, tractor O'llJoil,pcd '-lith a 12-I'oot 
blade, employed.. in ,stripping, was °also used for pushinG ,broken or3 from 
the bcnch8s °L,O tho shovel, makirlg and maint&ining road.s 'froG of 8nOl-l, a.'1d 
clearing/ timber ! ' T:r:ee~ up to 12 inches,ih diameter were ' uproote by 
pushing, and large:c trees were removed,'in th~ sarn.e maIm~'r after digging 
around the roots. 

> 

,A:J..r, for dril~:i.ng was supplied at, lQC(pOUndS gage pi'essure by two port
able Inge:csoll-Rand (models 31)A and 21bA) , 2-stage~ air-cooled. compressors. 
The 1~5i:cubic-foot unit was connected ,oby a 2-inch air l~ne to a 2-1/2- by , 
4-1/2::-foo-c air receiver, from which

0

374-inch air hos:3!3 led to the drills. 
The 210-cubic-foot unit was moved. around as needed. 

Drilling ,-las d.one d.ry "Ti th 6 Ingers<;lll'::Rand., lloci.el J"B-5, blower-type 
jackhamm.ers. , One jackhcimmer was ° kept in reserve as a s-:fla:re. T~1e ore "TaS 

broken by blasting bench holes. The usual round. consisted of tr~ee rows of 
holes across the bench, spaced. 2 ... 1/2 feet; apart in " holes ,and. rows. Boles 
were staggered. in successive rows. The holes were drilled.° to grad.e' and. 
were 6 to 10 feet deep . Drilling adva.'1ce per 8 hours was 7') feet in ore 
a.'1d. 115 feet in waste. " 0 '0 , 

Hexe.gon, I-inch, hollow drill steel was i'lUrchased shanked. and. thread.ed 
in 2-foot changes from. 2 to 10 feet. Ingersoll-Rand. 4,-point jack-oits '\oTere 
used. in ~ ,sizes. Star'ter bits were 2-:1/8 inch:, and the gage reduction "las 
1/8 inch. Sid.e-hoJ,.e bits were riecessEl.l':y'for blowing the hole'S vi th a mini- ' 
mum of pl~ggin8. Bits were regl~cn.md 0 once beforecllscarding. No blacK-
8mi thing was done at tha mine. 

Holes '\oTere l oaded. with Gold. Medal No. 4 bag "IiO'\olaor; 10-i'oot holes 
vere load.ed with 2 pounds, 8-foot holes with 1-3/4 pound.s, aJld. a -foot holes 
°with 1-1/4 pounds of pO'\old.er. The holesw~re shot with No.6 electriC de
tonators in a stick of' 7/8- by 8-inch, 30-percent gelatin d.ynamite placed 
on thebot:t,om of :the hoh. Firing was d.oho' \-lith a duPont' No • . 50 blasting 
machine. Fines from the

O 

pit '\olere used for stemminG. Boulclor shots '\oTero 
load.ed with 30-percent 'gelatin dynamite Md. detonated with No. b'caps and. 
fuse . The maximU)Jl. thicJ.mes~ of the ore was 14 feet, and. the facE!' was worked 
on two benches. Occasion8.lly "hard. bottOm.11 interier0d with the shovel at 
the toe of the lo,ver benc;h. , 

~ In December 1944; and Ingersoll-Rand. model FM-2 ~~gbn drill mounting 
e'lujopped with an Ingersoll-Rand DA-35 drifter drill I'las used. to d.rill a 
12-i"00t bench. Jackbi ts were used. Starter size was 3-inch and de cree "'''< 
1/8-inch per change ori'-1-1/8-inch round. steel in 2 -foot t .... ,'--
\-le:ce .spaced 5-1/2 i'ee~ ' apa~t in line &1"'<' ::"Go ' ~ . 

A North\-T0C: o~; ._, 3/ _ v 

i'toot 1;.... __ C'-~~~ .... _ -': .. : . .;.. ·v .... ·~v_;:!:, .... _v ~ __ o i",, _ "\'l6.S ITkOl..lYCI.,)d. on C5.tcY':pi ...Ll6.::' Cl"i11·r:'s 

.'-L W[;.Lei .tJGwu:ce' 'i-T::'.-C. c+l 8j-hors Gpow0l" gasoline engL c. Gasoline co sump 
°Ci o per 8 hours °vas 0 20 gallons. The front and bottom. of the: dipper were 
made of ma..."1ganosc · steel. , Dinper -teeth wer~ 'Worhout in 2 weeks '. The 
d.igging cable was 3/4';';i.I;l.'ch c~~t stetJl, 6 by ~9, :regular l ay. , The life of a 
cable was 8,000 tons. " . 0 
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The shovel ~aced the bench, and trucks wer.e loaded bohind t h e shovel . 
Loading 'time was 3 minU1:,es fOl' 3 tons . vl~ste Dbuldcrs verG sut aside by 
the shovel,' ind. occasioli.al bould€lrs ,·rere b:cokon or chi:9pcd to rocover in
cluded ore. Normally twot'rucks transported. are ' from the .shovel to .t:e 
sorting bin. During Decembor, th·c . :time of a trucking cycle from. the shove_ 
to tn.:: sorti:.1g bin \~c..s II r:..ir."'J.t·es. 

Trucks from the 'pitdu::n-:>ed the ore 0i:1to a grizzly (jf inverted rails 
inclined at '32 'degl·oo~ 8..'1·d spaced 5-1/2 inches' apart . Qvorsize fell into ' 
a chute equipped with a dOim-cut' steel arc gate. Undersize from the 
grizzly passed ove.r a sloping wire screen ofl-inch openings. The minus 
I-inch material 'p:assed to drop.,.board chutes. ~ The plus' l-:-ihch material, 
which comprise,l a-oout 50 percent of the total .oro, \,as r,ed .. to a 20-inch 
sorting belt.,. The flow ';TaS regulat'E:)d by a gate-t.ender • .. TEe sorting belt, 
79 fe0t long ·bctwe'on. the head and tail pulleys, was driven 'by a Chevrolet 
4-cylinder engine at a speed of 30 to 50 feet a minute. Three mon picked 
'vasto from the belt. It is estimated that 5 to 8 percent of the material 
was thi:OHli out'. 

Three trucks hauled the ore from ·tr~esorting ch0_tes to the shipping 
bin. '1'he haul was 1-1/2 milefJ, and the maximum grado against the load was 
13 percent where the road crossed vlarm Springs Canyon. Each truck carr;),ing 
about 4 tons of OTe made 8..'1 aVt;rage of 5 trips, or a maximi.l..1!l of '7 tri:ps per 
shift. Trucks W8re 3 cubic-'-yard ond-du.mp, dual r8ar-"lhool, '6-. 8..11d 8-cylin.;. 
der modE:ls. All wore 8quip:(led with cal> protectors. . 

The' shipping bil!l,consiruc'tcd '2;f logs and linod with 2-inch plank, was 
Quilt on a side -hill slopo. Trucks f rom the mine: durripo'd from an earth fill 
ramp, and tho ore was dischergud from the bin through four drop-board 
chutes 2-1/2 'feet ';lide .bY .2 i\)ot hign. The bottom oi' the bin slopGdat 35 
degrees and discharged i'rec;ly about 175 tons. 

Dur~ng Novembcr th!? craw COnSisted of 20 m..;!). - 1 fOl'oman, 1 master 
mechani"c;' 1 sho'iol operator, 1 bulldozer operator, 1 powderm~.n, .5 drillers,' 
1 m(';;chanic, :5 truck cil'i vcrs, 3 ore sorters, 8..Tld 1 laborer . . 

Mackin Group. - '1'1'1e Copper Glance and KeriJ"ledy claims of the Mackin 
group vero ';lo:r:ked from AUf,'Ust to December under. a sub108.se from Ryan and 
AthGrl~y. 'Through NovGmber 1944, 929 tons ,'of' OrG was shipped, vhieh 
yiolded' 4.22 percont colyper . The oreformatlOn\mS directly beneath tho 
soil in runs that aVG~agod 10 ~oet in ,dclth 8.l,ld i to 4 feG'~ in t1'1iclaW:9S. 

Ore [Uld vaste 'v'Gr'e dug vi th a full-revolving, 'Uni versal-Lorain, mod.el 
40, 3/l+-yarq. gasoline shovel po\wl~ed' 'vith an 85-'-J:lOrSGpOW8r engine and 
mOlliJ.teci on 6at:erpilJ,a:r crewls: '1'ho dippc;r was mac.o oi' mild stee: v 4 

C,', 

manganese~stee+,;front ' 8ild .-las equipped H~"'" 
sets of teeth "Toro uc--;' . 
Fo" -" ~ __ ,-. _ .;!~_. _ 

. ~. 

.... . 

~;..:10 ov,,:..·'Ol,,_',-..; •• 'vTc..S, .... C,.:':LpJ?0d. wi'vh tho sl:ovol, (..:..1,d l:.:n€J spo ' l \{'-.s ca 1:, 
on "both sid.es of the run. Tho exposod ore ",as d:bl16d "1i th one Thor-Cocbise 
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mocle1 75 jackh2JlIDler . Rows' end holes were ' spacecl eClualto the 'depth of the 
holes. 'Detachable, 2 -inch, side -hc;le ,"Timken bi ts"'Tere used on'7 /B-i-neh:, 
hollow; ' :hexegon steeL ,'Bi ts ,.,ere dis carded after cl..rilline; 50 feet.. . ALe' 
Roi Tilodel 2P8)\[ portable ,compressor s'uppiied air 'at- 110 po'U_l'1ds:pressure. ' 
About, 1-1/2 gallons ot· gasoline W.3.S used. per hour. . ... , . 

Holes were , loaded with 40 percent geletin EZ load in 1-1/8- by 8-inch 
, sticks. Powder consumed was 4 to '5 pounds per ton ' of ore shipped.. The ' 

explosive charges '\-lere fired .with No'~ '6 caps and fuse~ .· 

After blesting, the ore' "as sorted. and piled. '(lith the shovel, and. 
the waste was cast asid.e. ":While trucks were be'ing loaded' with the shovel) 

. several men sorted out· weste from the trucks 'bet'tleen sVTingsof the dipper. 
The ore was difficultto'sort clean because the' friable chert produced 
considerable fines. 

A normal cre,(l consisted of 'one shovel OpBrator, one' po-wde:rme.n, and two 
miners. Orie shift was ,(lorked 6-1/2 days a week. Ai"l average dail.y loss of 
about 1/2 man-shift vas caused by absenteeism. 

, HaulinB. 

The are f110rtl both operations ",as trucked 159 miles ' to" Marysvale, 
Utah, by separate contractors. 

Ore from the Mackin group claims was moved in two 9-cubic-yard, 10-
wheel trucks hauliri~ ' 12 to 15 tons per ' trip. 

TYlO 150';'hoi'sepower, 20 -ton-.capaci ty, IB-,(lhee1, cnd-dump, Kem.,orth
Diesel tractor-trucks capable of hauling 25 tons ' each transported' the ore 
from the Petoskey group. 

The ore was shipped by 'railfrom-Marysvaleto the J\ri1.erican SmeltinQ; & 
Refining Co~ smelter at Garfield, Utah. . 

--..,. ... ,-

DU:::Lng " ne perioa. Oc "Cobt:J r ' 7,1944,' to November' 25; \ 1944) 152 churn- .... 
. _ drill holes totaling ),756 :feet were completed. DrillinG "{I:1S d.one under ' 

contract, and the drill used wasa'model 29-W Al:lnstrorig mounted. on era,de 
and d:ci ven by a Ford B5 -horsepower gaSOline engine. ' All holes "Tere 8 ' ·' 
inches in diameter · end cased. '(lith lO-inch standpilklS to Clepths of 2 ' to 5 
feet. The fO'.l:mation 'be'lov[ the standpip'ewas fin'n.enough : to' permit drilling . 
without casing . 

.. " ', ", 

The holes '\{ere located in accordance with recommendations of the . -
Federal· Geological Survey (figs. 3 to 8) . ' Drilling was 'star"oGd: south of 

" 
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the Petoskey open cut, on the Mugwump-Arizona Jim claims, and progrussed 
southward onto the Pauper!;:; Dremn claim. Holes were drilled in :cows at 
lOO-foot intervals, and. the holes were spaced. 25 feet apai't in the 1'OWS • . 

On the Mackin group, the }1ackin No.1, Ray No. 1, Shorty Ditto, Copper 
Consolidated, Copper Gle..rl.ce, and Kennedy claims · were drilled.. Holes were 
drilled in ro\{s at intervals of approximately 200 feet and were spaced 
about 25 feet apart in the rows. 

The Bureau took 153 churn-drill samples. Sections.of the holes aver
aging 3 feet and not exceeding 5 feet were bailed, aDd. if the cuttings 
showed, copper mineralization, the sludge was dumped. into a three-'tlay sample 
splitter. Thirty-tvlo cha..Jnel samples agg-regating 85.4 f eet were cut from 
the surface workings on the depOSits. 

Roads and dQ~illing sites were cleared by bulldozer. The Bureau built 
5,360 feet of road 13 feet wide and l"epaired. 830 linear feet 0:::: existing 
roads. In preparati'on for the new roads, ar.eas tot.aling 1,440 square 
yards were cleared of tr'eesup to 8 inches in diameter. 

Condensed logs of holes, prepared by the Federal Geological Survey, 
are attached. to thi's report. 

CONDENSED LOGS OF CH"JRN DRILL HOLES 

(Geology by Federal Geological Survey) 

I Collar i - I· I 

Hole i Eleva- I FootaB~_ Percent I 
_N_o",;,.-+-"""C_o_o_r~d,"",i~tl..;..a_t-,-8_s--r: ...;.t.;;:;i_o.:..;n:"<,,---",,f_t_'-tI~FJ.crc_o.;.;.;m'---I--"''l1_0_---+! ...;.c_o .... P' _:n_e...;.r--+I_--,D_e_s_c_r~i on nnd r emarks ==--

1 1699N - 2335E ! 7-'755.1 I 0 3.3 Soil. 
I . i 3·3 20·3 6.12 Cherty sandstone, . 
i 120.3 24.8 3.96 Do. 

~- ,. 

I 24.8 27 .8 1. 1.14 • Do . 
I 127.8 50 " ' , 
i I 

~ .. . .:.- .... 

2 1703N - 2360B! 

I 
I 

3 1170 . .J . .;. 2334E ! 

I I 
- , I 
I ! 

4 17lL.'V - 24.09E j 

5 1715N 

1329 

i 
I 
! 
i 

... 2434E I 
! 

'7~' 

7754.7 

7755.0 

7755.4 

.J 

)'-

115. , 
I 
I 
i 

0 , 
! , 
I 1.5 
I 8. 
lio c , . ..) 
! 0 
! 4 h 

1 14:~ 
117 •6 

0 

I 5.7 

;' . 
, -.J . • .)0 

20. 

1.5 
n o. I 1.62 

10.5 ~38 
' 15. 

.4 .4 1 

;t4.~ I 
17.D ·91 

20. 7 \ 

5.7 i 
19.7! . 

I ~o " 
I Cher'cy-limy sand.s-cone. 

Isoil 
I Chert;y- sand.stone. 

I Do. 

I

ChertY":'limy sand.stone. 

Soil. 
!Chcrty sandstone. 
I Do. 

I
ChertY-limy sa..~dstone. 

Soil. 
ICherty-limy sandstone. 

- 9 -



R.1. 4013 

I Colla~ i :! . . 
Hole f. i Eleva- I' B'oot:::.ge _ l perc~nt I · ' 

No. rCoordinates , tion, ft. ]'::com- iTo- {copper ,DeGcri'Otion and. reinarks 

, , 

6 ~ 1695N - 2310E I Tr5j.4 r~o ; 3. " ! SoiL . 
~.; 3. ;11.5 I Cher';:;y se..ndstone. 
i 11.5 119.1.08 I Do. 

f
" 19. ; 27. .21 Do.' 
: 27. 131. , ChertY- limy sandstone. 

7 ~ 169lN '" '2285E . 7757.4 0 t L8 !Soil. 
i! '· ' . " I L 8 i 30. Cherty-limy sandstone. 

8 i,1. l600N 235lE'I: · .77 60.4 0 ! 2.5 
, I 2.5 t 15~ 

i , 
1 

9. ;1604N 

10 Ii 160BN - 240lEi 
1 • t 

11 i1596N - 2327EI 

12 j1502E - 236t1E1 . 
I 
t 

13 ~ 1506E - 2392E1" 

Ii 
I: 
I! 
I; 

_/_V....,J 

r 
f 
f. 
I 

15. f 24 I 
24. I ~yr: I' 

27 • ~ 30. 

! 
30. ' 33. 
33· : 35. 

77.67 •. 0 I 0 
t 4. 
i ~7' 

T(61,. .6 

10.4'2 
4.00 

· 2.00 
.)0 

f:loil. 
\Chert.y sandstone. 

I
, ;~: . 

Do. 
I Do.' I Cherty-limy sandsto~e9 
Soil. 
Cherty sandstone. 

2·.76 Do. 
9.76 Do. 
3.2'7 . Do. 
1.58 I· Do. , I ChertY~limy sa.Tldstone. 

! Soil. " -
I Cherty and limy sandstone. 

. i 
!SOil. , I Che:cty. end. limy sandsto~e. ' 

Soil rul~ sandy clay. 
Cne:cty and limy sa.."1<istona. 

C'oi 1-, .::J _. 
! C' "," -. -! ;;:' c_' , 

-
L..:.:::' . 

, .... 

I Soil . 
,Sfu"1dy clay. 

1.69 I' Che~'Gy sandstone. 
3.91 Do. 
6.03 I Do. ' 
1.90 . Do. , 

I Cherty-limy sandstone. 

1329 ' - 10 -



.:, .,' R.I. ,4013 

I " . J 

r' i , ,', 
IEercent ; 
! copper ! Description and' r e:::Jar.,...,k_s __ 
1 ISOil and sandy clay. 

17 1666N 2138E , 7768.6 

, 
18 ,I 1670N ~163E ir67.9 

! 
I 

19 ' \ 1674N 7" 218[E ,7766 $7 

I 
I 

• ,j. ; 

20 11856N ~ ,210lE 7765.5 

I 
I 

21 i2060N -. 215lE 7762.4 

I , 
22 '! 1415N - 245BE 7775.4 

I, 
i I 

~ ' I 4 4 I, 
~3' ,I lll~ 2 33E j,,' 7777 9 

I 

0, j 5. 
5: r 35· 

! 
-I 4 0: I • 

4. f30. 
.I o I 3. 

3 ~ I 26. 
I 

o 2 • .5 1 

I 2.
5
: 1

30
• I 

, I" ! 
o I 8. f 
8. 'i 24. : 

' ! ' ·1 
o I 5. i 

I . 5. \, 22. ! 
2~ •. 137 . ,I, 
37· I 40. i 

14:. ,43. 

: 29 ·5 I 32 ') 1 

I I. ' 32.~ 1 35. i 

24 11419N ~ 2483E 7772.4 0 I 12. I 
I , ,' 12." 23. i 
! " I ~~:' ~t l 

25 '11325N - 2524E l n81.4 i 0 13. I 
! !13 : ! 30. I 
I 

- '11 -

, i Cherty' sandstone. 
1.68 ! Do. 

ChertY-,limy sandstone. 

Isoil. ~ 

l
Clay, cherty and limy 

sandsto~1.e • 

I Soil. 
Clay, cherty and limy 

sandstone. 

. ., Soil. 
Clay, cherty and limy 

sandstone • 

I Boil. , " , 

!
Clay, cherty and limy 

sandstone. 

80il. 
Clay, cherty and limy 

sandstone. 

1 

Soil and sandy clay. 
Clay, cher'~y and limy 
I sandstone. 

I Soil. 
,I Clay and c~e~ty sandst-or::::. 

'6.,16' C'ne""'+v ~>""" ' "·C'~-· o 1 ... .L "' " ~-.~ ... . .... l.I _ ... V '" 

~L . OL,. ==:. 

vV_.J_ 

• " '; se.:-.(...,.,. --'::'O:1c. 

[ Cherty-limy sand~tone. 
~ 
t Soil and clay. 
~ Clay and. cherty sandstone. 

1.12 I Cherty SB...'Yldstone. , 
[ ChertY~limy sandstone. 

Soil and sandy clay. 
Clay, cherty and li~y 

sandstone. 

. - ....... -



R.I. 4013 
. :. ~ 

. i Collar ' . .. j- , .. . - ; .. -"-"-- ~ ... " ........ " . ... . "''''' .. , . 
Hole Eleva- 1 Foota~ Percent ; ... , ' ~~':'..::::." .- . " ..... . 

No. Coord.inates tic:;)., :!:·t.i.JJ'rorJ":::~L1l10 ' · ':. ~; C<?.m?..e:' · ;0es~riJ?t:hsm and r emarks 
, . ' c. . ~' .. ':"'.. :c; :- ( .• i ... ....1 _.~,,;./ i ~ . . .. _ .. .. : . .::;>Ol......... ... .... .. . . 06'" l32Jl'Y -2499"" ~7" 8~ 5"'" I' 0 .' "C;: • 0 .. . , . , . 

. . ' .. .' .:, ~ ',' : ,'. , ..... :. . -:, )- 122 5 ' : CC nv '" " ' d ' en' er .... y 'srnndc;+one .• ., .. c- c .!" • . ..1-1..1. .. ' . L ..... _ • t" '. I".u, ¥ ,,",.L • 

" :: .. '; ' ~'; " ' " ... . . 1 22.5·:~bl. ,i 1.02 ! Ch3rty sands to).1e. 
, . -' .. ' 31,. · j '35. 1' : 3.86 ; Fracture<l Cherty sandst one. 

, ':,;';.. ,;'.. . ... 35.. ,··i·42 .)v ·.5.90 ' Do. 

,;.;'" ~~ .5 ; :~. 3.38 l . ~~> ., ". 
. ,. ' .'. i)' . ~. I 

,,' . I . . Soil in open fissure • 

r~2. . !SOil. 

~ . ~ .. ~ ...... . 
" .. " 

27 1316l\I - 2473E 
~ . • L 

~ . ~ . ', 

' " . 
28 1226N - 2540E '77,92.8 

.... i.: : , ', , p ' .'. : ', . : ... . . ,} ": I " • • 

29 1222N - 25i5E 7793:0 

' . . 
" . ~ . 

30 1665N' - 323lE . 7788.1 
. I . , . 

.. ' .' . ' " ' ; , . I" ~ . 

: f : 

," , .j, . 

o 
2. '1)5 . ; ." l ClaYi: : ~p.erty.and. : l.irq.;y 

! S&~dston0 . . 

o 2. 
2. i 40. 
. . ~ 
o I 2. 
2. , ::: i 35. ; 

. I , 

2. 
2. . 30 . 

30'~ :[47., 
: 47: Il~9. 

o 

49. 150.5 
. I o· , 4. 

4.. t 35 " 
j 

I 

, 

lSOil. 
i·Clay~ . cher;ty . an,d~ li!uy 
I . s~dstone • 
! 
ISoil. 

.. :·1 Clay J c~~rty , and limy 
i sa.'T1ds"(.one • 
I 
I ", '1 ; oOl • 
l Cherty sandsto~e. 

r.)2 I ' . :Jo ~ - , " . . 
i ·55 J Do, 
; Che. ~ I:.:y···limy sandstone • 

. ~ 'f 80i 1 Of 

I Cle.jl ) el:~· _ .' 
I 

, .... : .. 32 1608N . - 3~50tl :: '7781. 5 

, , 

l 
I 

. , 

- ' 5::79Z i . 1782 . 5 

..I-

3~18E 1 

35 i1980N ':';' 374'(E .7801.8 
'" I.: ..... ". t . 
36 I i962N - ' 3164Eft8b2.9 

! . r .t 

1329 

0' 

3· 

, " 

_, . ... . i 
). 

30. 

" 

Soil. 
Clay, cherty and limy 

. I S8Jldstone .. 

o ' . 5,' . I Soil. 
5. I 30. I.' ,I Clay) cherty and :limy 

• ., . i sandstone. 

O· ·:·1' 8. I , .' ··r .soil and clay· • . 
8: ' : 20 ... ~ [ I Cherty and limy S a! Q.s tone·. 

o' . It ; 2,: '.'II" ! Soil. 
2 • ~. 2. I " . • J ..• : . Cle,y J che:J;'.ty.. and limy 

. : . sandstone ~ '. 

- 12 ... 



( 

. R..I. 4013 

, Collar :. ' ~ I --_ ._ , 1'.1 

Holej . I Eleva- i · .. Footage I Percent" 
. No. i Coord~,n,?-t~~ ti0!l..Lft. iFrorn.- i To- : cOPj)er Descriution and. r e...:..arks 
. ' 37 i 1944 N - 378lE , 7 805-=-• ..:.3.::..;..::' ~O~:......!-'l ::":2=-.---'-, ":":"~:;;""+--S"':;o~::":· l::.;:.:..::.::..=.,;;;....::..=..:==-=-==-::O"';:::;;:=~-

1 , . ! 2. i 10.5 1 I Clay, cherty and limy 
I I j ' ; I sandstone. 

, j : 

38 2118N -. 3892E 7804.7! 0 j 2. i 

.' 
L. 
i 
I 
I 

39 . 2100N-3909E I 
I· 
i 

I 
40 2082N - 3927E I 

! 

, i 
I ' 

418064N' 3944EI 
I 

42 

2154N 

. i 
3875E i 

I 

I 

I 
i 
I 

3858E j 
, 

i 
i. 
I 

44 1998N - 3 ) '2 : 

45 2016N 

46 ,1879N 

I , ! 

1329 

I 

I 
! 
1 

3713EI 
I 

, I 
! 
j 

- 3567E j 
. I 

! 

7807.8 

7809.2 

7802.2 

7801.9 

7600.0 

7796 .0 

I 2. I 8. i 

! 
8. f lO. I 

~ . I 
' 10 • 122. i 

! i 

22. 

I 
I ~. 
1 10 • 

12. 

o 
3· 

117 • 

I 0 
I 

I 3 . 
118. 
I 

0 
i I 2. 
117 . 

0 

I 
i 0 
i 2. 
t lO . 
I 
I 0 

3· 
12. 

i 0 
~ 16. 
l18. 
t 

I ' 

125~ , 
I 

I '5. 

1

10 . 
12. 

I 
118• 
I 
I i 

3· ! , 
i 17· ! 

: 22. I 

3· 
18. 
20 . 

. 2. 

17· 
120, . 
i • , , 

: ''/ 
!. ,... 

I ' 
i . 2 . 
! 10. 
: 12. 
I 
I ' 

1. 3 . 
j12. 
:l3. 
I 

I. 
I ,,J.b. 
I 

;18. 
" :<.0 . V· . ' 

- 13 -

Soil. 
Clay and cherty sandstone. 
Trace copper in cherty 

sandstone. 
Clay and. limy-cherty 

I 
sandstone. 

Fractured cherty-sandy 
I limestone. 

I Soil and. sandy clay. 
1.25 I Cherty sruldstone. 
. .42 Do. 

.97 

Cherty-sandy limestone. 

Soil. 
,Clay and cherty sandstone. 

I Cherty-sandy lim stone. 

I Soil. . 
·1 .Clay and. Cherty sandstone. 
I ChertY-SaJldy limestone. 

Soil • 
Clay and cherty s ~.::.. :.::;\,c:_~ .. . 

. Che:rt:r .. =-~--.-

Soil. 
Clay and cherty ands 0 0. 

, Cherty-sandy limest.one. 

Soil. 
Clay anl Cherty sandstone. 
Cherty-se.n:dy l imestone. 

Cherty sandstone. 
. Do • 

Oherty-sandy~imestone. 

I ]'issure ¥3-29. feet. 

~~--------~~t"-....--=-___ -:....c- ____ _ 



B.L 4013 

~ll~ " 
-Hole i Eleya- ' Footage ! Percent! . 

No.1 Coordinates: tion, ·ft. lFrom- iTo - i copper··I~E1scriution ruld remarks 
47 J;lB97N -3,~5.0E! . 7792 .8-. ! 0 . 11:2. II. · '·I·SOil. . .. .. . 

· · - · ···~··I· ·· ~'- .. _.0 . __ · •• : . ; .' .,.. 2~ .'- .8. C~~~.!. and. che7'ty sandstone. 

:., ':.'1 ." Ilt I~~: I .1. 25
1 cn,-,rL,~o~and.s""Cone~ 

i , 122. i24 . . Che!tY-~~dY :imestone. 

48 . 186lN -: . . 35. ~5E. II., 7799.1 I 0 3· II Soil. 
" 3.0 - 8.0 trace copper. 

. II' I 3· ,16 . II Clay a.Dd cnerty sandstone • 
. , 16. 1.8.. i Cherty-sandy l imestone. I '. ,' , ! i! 

49 .,.1843+'1. -~6.0~1' 7800 .• 2 0 J2.~ ! i Soil. 
_ I' " 18.0 - 21.0 trace copper. . . I 

I .' . .::, ! .. : 2i: ~t: I I g~:~t~~;~~r~im::~~~~ne. 
50 1·1 1825N .- . 3619EI 7800.2 . 0 i e . . 1 I Soil. 

. , ~ 2 '12'·:. I !., Clay and cherty sands tone. 
I . '.' . ' . I 12: 15. I Cherty-sanely limestone • 

. 51. ·1 1915N - 3533EI· 7792.B 0 ~ .51 Goil. 

I', . ! " I 2.5 '5' I I Clay and cherty sandstone. 

I 
! 115. ,lB.: I. Che:cty-sandy limestone. I !. ' . 

5~' " h895~ - 3665EI: '7801 . 8 0 11 ~. '11 
1. 84 I, ~~~;t ~~a.~~:~~~e ~and.stone .• 

, I . . .. . . I 5. 1- ' oJ 

I : 12 .- Ill:.! . 69 ! Do. I i ,14. 116~ i . I ~he:cty-sal'l.dy llinesto:qe. 

'53 , 1.4373~ . 4355Ei .. ,7887.2 I 0 i· 2. ·1 ' i Soil. 
: i 2. '12. I i Cherty sanclstone. 
I 112 . 14. j·"Cherty-sandy limestone. 

11 . I. . - I i 
'544354N ... : .43.63Ei· :· 788(.4 , ° 2. I ! Soil. 

i ,I I 2. 18. i ! Clay anel cherty: sandstone. 

I 11B. · 1 2J~'. ' ii I Cherty-sandy limestone, 
. . . . 1:.1 i 
55 !14324N 4367E,' 7886.8 I, 30, I Soil. 

10. ' 1 Clay and cherty. sandstone . 
" 

. II I ' . ' .' i 10. 12. 6i . i ChertY-S1L11CJ.y limes+:c·."" 

'56 . 4403N . ,435lEi ." 7885.7 ' i 0 I .,' i 

';/7 . I 4422i'J - 1~3L:' ~il.7 ~O). 6 

I 

[ 

' 0 . l.,. I 

'I 4 115': I' 

115: 119, I . 

14 ':" 

: Soil and. Cla! . 
I Cher·ty and. sandstone. 
! Cherty-sand.y limestone f 
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l
' Collar I · 

Hole ' ~~Ele~-: :B'ootase.- Pe:rcentl 
-E~ C09rcfi nG,!-es ~ i on ,Jt • ! Fr..9==m~-~; T:::..o:=:.--~c~0::..:;1):.::-0:.:::8-:=.r_+-'- --:D:::::.· e:::..:s::.:c::;:r=-==i:.:1):..:t:..:::ic.:::o=-=ne-:;::an:.;;d.:::::.-:r;.;e:::::mc:;;:a==r;.:.:lc:=s~_ 
58 ~423I~ - 4547E I 7885.1 0 ! 2. I Soil. 

I 2. I 6... Cherty sandstone. 

I 6. jlO. .07 Do. 
y' I 110 • , 20 -: I CI1~rty,.seJldY limestone., 

594447N ~ 4537E7885. 7 I 0 2 . ' SOJ.l. 
I 2. 16. I Cherty sa.Tld:stone. 
i 16. , 20. Cherty-limy limestone. i . 

60 4470N - 4530E 7824.8 : 0 I 2 ~ 
2. ! 18. 

. . Soil • 

. I 
61 4495N - 4527EI 

62 4515N - 4525E 

45441'1 - 4713E 

I 
·1 

64 ,14568N 

i 
I 
I 

i 
I 
1 
I 

65 !I",..I __ _ 
, 
I 
1 

- 4704E 

66 14520N - 472lE 

I , 
I 

I -
67 :4616N - 4690E 

I . 

. ! 
i 

i 
1329 i 

\ 

7881.1 

7880.1 

7880.7 

7H73.1 

18. I 21 .• 

I 
i 

O · 
2. 
4. 

15. 

; 0 
: 2. 
123. 
I 0 
I 2. 
110. 
1 , 

ilLJ- . 
I 
I 

I 0 
! 2. 
i 10 
i 
j16. 
118. 
! 

. , 
8. 

0 
2. 

15. 

0 
2. 
6 . -

I 2. 
, 4. 

1

15. 
20. 

I I 2 .• 
123· 
! 26. 
I 
i I 2. 

1

·10. 
14. 
1~. 

~. 
10. 

: 16 
! 
! 

i 1.8. 
j:::~ 
r .1. 

-.. 
! o . 
i:)'3. 

1'·2. 
115. 
120 • 
1 
I 
I 2. , 
I .... . o. 
I 

!10 . 

I 

. ' 

Cherty sandstone. 
Cherty·sandy lilliestone. 

Soil. 
1.02 Cherty sa.Ddstone. 

. Do. 

42 

Cherty-saniy limestone~ 

Soil. 
Cherty sa.'1dstone. 
Cherty-sandy limestone. 

I 
I 

18011 I • I Cherty sa.Ddsto~e. 
Do. 

I Cherty-saud.;y limestone. 
I 
! 
jSoil. 

2.91 iCherty s~~dstone. 
'I Cherty qD.)1d ~ t ()no ·vT<.1.C<3 0::: 

- /. 

I e".:;::. 

- .... .f. 

I 
I 
180il. 
ICherty sandstone. 
iChertY-SMdY limestone. 

i 
iSoil. I ~ 

I ICherty sandstone. 
lCherty-sandy limestone. 

- 15 -



R.'r. 4013 

HOle-I , ' cOllal Eleva- Footag~·!.p~~~e;t! . . 
. No.! Coordinates' i ti <?J:.0t o· From- To.-· I co er : Description 8..Tld rem.e..:~ks 

68 1466Jlv ... 488J.E . 7878.3,; D· 3. - . !SOilo . . . 
. : 3. 32. ,Clay and cherty sandstone. 

i 32. , 36. .14 I Cherty sandstone> 
i 36 .' ' 40,' : Clay and cherty S fLl1ds tone • 
i40.. 42~" iCherty-sandJ limestone •. 
i I 

69 46~~ :-,.4870E 7871 .3.! 0 , 2~ 18011. , 
I . :" ': , ·1 2. 10.. i Clay andc:r..e~cty sar1dstbn!e~<-: ' 

. .! 10. 18 ~ i Cherty-sandy limestone.: 

70 4638N"'~. 4883E 7.879 .• 'O! 0 2. . .1 Soil. ; 
- . i 2. 18. : Clay and cherty' sandst~ne ~ 

. : 18. 27:. Cherty-sandy limestone .• 
I 

71 4615N:- · 4895~ 78'i9.0 , 

72 4955N - 520BE 7832.8 

73 7l1$N -7089E . '7944.5 

, 
o 

1 2.5 
; 19 . 
I 

I 0 
I : 13. 
! 16 ... 
1 

2·5 
19. 
24. 

13· 
16. 
40.5 

I 
o . 2.5 ' 

. 2.5 :).6. ' 
I -i 16. 20. 

74 7l40N - 707BE 7944.9 0 2. 

79 7129N - 7084E 7944.7 

77 72261~'" 7107E 

1329 

i 2. 4,. 
i 4 . 8. 
! 8. '10. 
llo. 20. 
120. 24. 
I , 

-. 
~I 

! 6. 
! 16. 
! 
I 
I , 0 

l 4. 
! 10. 

'!13. 17. 
I 

! ~.5 
115. 

16. 
20. 

4. 
10. 

! ' 

13· I 
17. j 

20. i 
2.51 

15. I 
20. · I 

- 16 -

, 

Soil. 
i Clay and cherty sandstone. 
; Cherty-sandy limestone. 
i 
i80i l and clay. 
Cherty sandstone. 
biay a..l1d cherty-liay 

sands tone. 

:Soil • 
; Ch,:)l'ty sa..l1dstone. 
;Cherty~sandy limestone. 

180110 
; Cherty sandstone. 

3.03 
.~4 I 

I ~. 
Do. 
Do. 
Do . 

. cO?l?e:c. 

" 

C}1erty sanQ.;>tol1e. 
,qherty-sandy lim stone . 
I 
Soil and sandstone . 
Cherty sandstone? 

Do., 
Do. 

Cherty~sandy limestone, 

Soil. 
Cherty sanClstone. 

,Cherty-sandy liffiestone. 

I 
I 

-----



r, 

( 

R.I. ~·013 

Collar ',' j, j ' . 
I ------~== ·-1 1 . Hole! ' Eleva~ ~ FootD.~;' Percent !,.~----~, .,.-'""'''';'';;; ' '<'7 ." , • 

No. i C<?ordin~te_s~}iOn z :rt . i Fr.?m~ \ TC5-, !; copper-f - :b~scriPtio~ and remarks 
78 !7232N - 7083E , 79~5~'3 I 0 "! 2. I: 186i1.' , ,<.,:., " ,;', , 

I I 2. 115. ,: ;'Slli1dy ' clay"8..1"ld cherty ' 
I ~ I I S"'11'sto;-") e I I i I v _ U. J._. 

I 
115. 117. . ; Cherty-sandy limestone . 
r !!! ' 
I i, , 

79 17221N 7l3lE 7945.3 0 ! 2. I ~ , 180il. ' 
I 2. , 14 . , Ii, ' I. S~dy , clay and chert,y . 
I 1 , I I sa."lQStO:1.8. 

80 i6929N 

I 

14. ! 16. r:. ICherty-sar.dY limestone. 

,/06lE 7946.2, 0 l 2.5 f ,Soil. ' , t • "I , 

81 16923N 

I· 
I 

- 7085E 

' ,I 
, i 

! 

82 i_69l7N:- -7ll0E 

i 
l 
I 

83 :67421'1 -
I 
I 
I 
j 
I 

84 16758N 

I 

85 16726N - 6985E 1 

I 

, 
f 
~ 

86 . r 6711llF -

~ 

1329 

I 

7004i i 
I 

I 
t 

2.5 120 . f , : Cherty s8..Ddstone. 
20. 12). i ! Cherty- sandy limestone. 

79}+.6.4 0 I 2. I Soil. 
2. I 8 . Cherty' sandstone. 
S. ! 17 • 1 :29 I Do. 

17· '1' 25• .-29 1 Do. I iFiss~~e 21~25 · fe.et. 

7~45J) , 0 ! 2: 180il. 
2. 4 . ,' 'f Trace copper in cherty 

I ,( .1 ' sandstone . .-
4. 120; I i Cnert:y sundstone. 

20. i ,23~ 1 '!Cherty- sandY limestone. 

o I' ! . 2. I 18011. 
2. ! 17 . . I ~! Cnerty sandsto~lC;o 

120: I !C11Grty-C-8..'""cv '"" ",c'·'o:·~' 

, 
I o . 

1
1 1~ . 
10 . 

I ~. 
114. 

I I, l ' ~ , . j _ _ ".~_v ' •• v~ , 

i 2 1~ . ..-.-' 1 I • ,-_V-'-. __ 

Ill.~ ~ , : ;:;= .. ,'-:'J ':. -':.~-::. 
2C·. 

i ~2-. 
I/"" .10 . 

120 • 

I 2'. 
j14'. 
j17· , . 

-... 17 -

. ""--'-' ... ~ ...... J :....~.-I. .d . .i..l;'vv __ \J '" 

~24: Do. 
Do. 

Che:cty - se.ndy limestone. 

SoiL 
Cherty sandstone . , , ; 
Cherty-sandy limestone. 



R.I. 4013 ' 
, . .. . 

ColJ ar 
Hole ~ Eleva- . t I Foota'ge.. her cent 

No. Coord.inates h ion, f t . }'rom- To:- 'copper , ' Des criution and remarks 
87 6719N - (;)95E1 

88 7208N - 7268E 

. . ;' 

1, 

8j 7230N - 7256E I 
,' , 

90 7253N .;. 7245E . , 

91 7297N - 7444E . 
, 

I 

92 7342N - 742lE ~ 
~ • ij 

7399E 1 93 7386N -
i 

94 7279N - 7464E 

! 

95 7252N - 7466E 

96 7532N - 7167E 
~ 

97 7548N - 7148E ; 

J 
" 

7946.9 o,~. !Soil. 
". 2. 4 . 

, , 4. 8. 
", ' 8 ' . 10. 

10 . 15. 

7934~6 0 2. 
2. 12. , 

·'12 • 16. 

7935.7 ' ,0 2. 
. 2. 14 . 
14 . 17· 

7936 •. 5 0 2. 
. 2. 15. 

15· 2l. 

7921·7 0 2. 
2. 11). . 15 · 20. 

I 

7924.4 I 0 2. 
2 . 15 · 

15. 
1

20
. 

7926 .6, I 0 I I ~. . 
,2 . ' / 

-
- .-

79:'8.5 0 I '" .-::.) I I 2.5 1 17 • 
I 
I 

r( • 
1
20 • I 

I 

7918.0 0 I 2. I 
2. 17· 

, 17· 20. 

79~4·. 4 -I 0 2 . 
2. I lE~. 

16 . 25. 

7944.7-" 0 2. 
2. i2O • 

20. 125 • 
~ 

- ,18 -

1,79 

; . 

Cher'" uy sandstone . 
Do. 
Do. I Oller 

I 
ty-8~Ddy limestone. 

' ISoil. 
j Cher ty s,fu"ldstone. 

y-sand.y l imestone. Chert 

Soil. 
"Chert 
Chert 

I 
!Soil. 
;:;hert 
I Chert 
.! 
ISOil. 
' Chert ,I Chert 
l 
I , 
1 Soil. 
, Chert 

, l·che~t 

~o_~" 

!(:;hert 
iChert 

Soj,l. 
. 1 Chert 

I Chert 
I 

Isoii. 
jChert 
1 Chert 

ISOil. 
Chert 
I Chert 

y sandstone. 
y-S~Dd.y limestQe. 

y sandstone • 
y-sa!.'ldy limestone. 

y saIldstone. 
y-Salld.Y limestone. 

y sand.stone. 
y-sandy limesto~o . 

y san<is"Co 
y-sandy limestone. 

y sandstone. 
y-sandy limestone . 

y sandstone. 
y-sandy limestone. 

y sandstone. 
y- sandy limestone . 



i - Collar I' 
, Hole I - -, -i -'Ele~-:- ~ ' _ .f)'ootage 
_~Slor:dinates h. :!.~n i't. ili'l 'om- i To-
98 !7563liI - 7129E 7944.8 6 - 2 .. 

• L - 2. 
I 18. 

,99 c 75,16N -:- , 7187E i 7944.1 0 

, I 
100 17500i)[ 

I 
f 

101 h535N 

I 2. 
,15· 
I 

72061£ I 79,44 • 5 I 0 
i 3. 
117. 

72l5E7944:31 g. 
!17. 
I 
I 

102 7946N - 6330E 7922,.2 i 0 
,14. 

I I 1

1

17• , 

103 1'7978N - ,6349E I, 79~i.0. , 0 
I - - I b. 
! ,- 'I i25. 
I I - I 
I ' , I 

: _ .1 -" !29 • 

104 8010N - 6368E: I' 79i9.8 I 0 
I !10. 
I 114. 
:- :" 8 

18~ 
20. 

I ,.. 

I
i::::· 

115'. 

1
20 . 

I 3~ 

! 17· 
20. 

14.' 
17. ' 
20. 

6. 
25~ 
29; 

! )6. 

10. 
14. 

I ~~. 

R.,I. 4013 

j . • 

~ ! 
Ip - ,1-,.1 : j el'cenv " 
\copper " , Descriuti on and remarks I -i Soil. 

I i Cherty sandstone • 
I Cherty-sandy- limestone. 
I 
f ' 

! Soi'19 I _ I Cherty sandstone. 
I Che::cty-sandy limestone. 

I I Soil,. 
I Chel'ty sandstone. 
1 Cherty-sandy limestone. 
I -

I Soil. 
I Cherty sandstone. 
i Cherty-sand~'_ limestone. 
I 

I 
I Soil and sandy clay. 
I I Cherty sandstone. 
i Chel'ty..,sandy limesto::J.e. 

i- 80il a7'ld. sandy clay. 
I Cherty sa.7'ld.stone. 
1 Tl~ace copper' in cherty 
i sandstone. 
I' Cherty':"sandy limestone-. 
! 
180il and sandy clay~ 

.87 ! Ch3rty sa.."1d,$tC"-·, 
1 --

105 ' 8l&N- 6470~ I 790000 : c-~. 2. ! ..... .)---~ 

' I : 2. 
I 133. 

I 1
38• 

106 !8202N - 6454E ! 7906.0 r ~. 
I 

I 130 • 
i 

I ! 
107 822lN - 6439E' 7905.0 ! 0 

r 
" .. I 

1329 

I I 2. 

, 125. 
I 

\ 
I 

33· 
38. 
'40. 

. 2. 
-30. 

I 

I , 
I: '-
I 

I 
I' 
I 
I 
I 
i 

I 

- -" 19 -

.10 
i Ci.:.-j' t.J':'CJ.. C __ (;;;":'''L.\,o' ;..:..\..4-:.:. ...... ;"''"' __ '-' i Clay) chertY~88.l c.y _lir.:.e",-,:,o."ll:. 
. -Do. -
! I Soil. -
ISandY clay end c4erty 
I sandstone. 
I Clay ani cherty-sandy I lirnestO!le . 

!80il . 

! 
Sandy clay and. cnerty 

sandstone. -
. I Clay 8.TlCl. - che;'ty -sandy 
! limestone. 

, 



.- -
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Ho~e f_' --"-"-' ~CO,;;..;ll=. ~a='r-E-il-e-v-a-_- ! Footage ' Ip~;~'~~t i .. . - ' , . 

...::N:..:..o:::.;' .=+-" .".::C~o~o=-rdi=· n;:;:a::.,:t;;.;;:e:.::s..;,... ~tJ..::..· o::::n,:..;!L......:f...::t ..:,. • ..jI.; ]:..:'r:...:o:::;:m=-i~ 1'0- copper ' . Desc:riDt i on and r e!narks , 
l08 ' 790BN - 5927E 7919 '.5 ·0 . ,. ::...1::....;......· ~~~.;:;.;. :." .. -+. "-S"'::o J.:;";:l:';:: .. ~ '=':=---='~::""":::: . . :":=".-=-. .::;. = ,= .. ;:....-.. 

. 1. I 9 .5 .1.05 ·j Cherty S8...11dstOIie . :.: .... ". 
I 9.5 l 13·' .25 , Doo 
11,3.. ! 25 ~' . I Cherty-sandy limestone'.: 

7883N - 59-32E . 79'20.7 0 I 2. Soil. i .. -

. . .. . ... I ... • ;' . I" 2. I 14 . Clay and : cherty s c.nd.s~..:.one • 
109 

110 

• • 1 .

1 

•• , ,,. ... . '1 '.' 14 . I 25. . . Cherty-sandy limestone. 

7:,4~:~;.~::~~1 7917.9 ~. 1 1~; . 1 : ~~~~ty sandstone. 

111 7932N - 5923E 

I 15. i 25; I' Cl.wrtY-S8...11d;Y limestone ~ 

7917.2 0 'I 2. ,F:i.l1. 
. 2. 12 ~ 1.07 I Cherty sendstone. 
, ! 12 • i 18. • 57 I Do • 
, I ~8. I' 38. I Cherty-sandy limestone. 

)8. 66. I i Red. cherty .cl ay. 
'[ 66. 1,'100. I. ' 1 Clay and cherty-sandy 

limestone. 

. '.~ .' . 

. '! . 
~ • ~ I . 

112 780SN 5662E! 
I 
I 

I t I 
· :7~·19~.6 I 0 . 2. ·! ; 

i 2. ! 16. ! 
116~ ! 25. I 

Soil. ' . ". ' 

I 
113 . :7832N 56~8E 1 

.' I 
" .. . , ! 

114 ' 7857N'~ 5653Et 
1 
I 

~ . ., ':. I 
115 16650N - 6862E1 

I 

. 
. I 

7917.0 

7941.4 

117 .6b16N ,.;.6683E . 79'31.6 

1329 

! t 4 ) I 0 ! ·J1 
I 4.5 i 14. ! 
114 • : 25. I 
i i ! 
I 0 i; 2. ! t:; l, 6 , 6· i • I · ,12. ! 
1
1
1

2
6

• ! 1
2
6
8

" i 
i • I, .. . 

I 0 ! 2. 
I 2. ! 11 . 
Ill. ! 15. 
I ., ~ 

~ ( 
v -

I 17 . ! 
'30 . I 

:! 
'1 i~:. I 
I 20. ~ 

.:. 20 -

.51 

! 
Cherty s ar:d.s t one • . 
Cherty-~andy liraestone. 

I ]:i'i l 1. 
i Cherty sandstone. 
I :~ertY-SandY limest.one . ;. " 

i.i! lll. 

I Cherty sandstone. 
, Do , 
I . ..... Do. 

jCherty-sandY lim~stone . 

, Soi l. 
i ('" ~ ,,' 

! v._c;~·-,;.,y ~2...._,,-S-CC_~:;' .• 
l' , Do.' ' . 
I\ Cherty-sandY limestone . 

,Soil. 
ICherty sandstone. 
I . 

;Cherty-sandy limestone. 



" 

, I", Collar ____ i ! ' 'I 
"Hole I'" ,,- -: Eleva- i 1;20t~l.percent ", .. 

No. Coordinates tion, ft. ,From.- To - copper I Des'criptlon 'end 'remarks " 
118 i6646r ' -',6680E ' 7932.1 1'0 ! 2:-r Isoil. " 

'i -" _ '" ., . . 2. i 17. 'I I Cherty sandstone. 
I ,17 . 120 . Cherty-sandy limestone. 

119; .i6512If - 6491:E '7922. 5 I 0 I 4,. , Soil. 
, " , I 4. 1 20. I Cherty sandstone. 

120 . ! 25· I Cherty-sfu"1dy limestone . 

I 6587N ,:.. "649lE ' '7922.7 II 0 i l. l I Soil. 

I, 1. I 3. '" 2.25 'I Cherty sa:: dstone. 
, I 3. '7 · f .50 I Do 0 

120 

i I, I 7· i 13· I I Do . . , ' . I 13. 117. i Cherty-sandy limestone. 

121 ,i 6602N 6490E I 7923·0 0 i 2. t Soil. 
I 2. , 20. I Cherty sandstone. 

'1 I ,20 1 25 : Cherty-sandy limestone. 

122 ,I 6523N - 628lE,,11 79i7.0 10 i 4 . ISoil. 
I 1 4. ! 35. 'I' Clay and cherty sandstone. 

I
,' ! 135 . J 40 . Clay and cherty-sandy 

I : limestone. 

I ' 6 1 I I , 
123 _1653 N 6275E 7916.7 0 9. ! Soil. 

! 3. !18. I Clay and cherty sandstone. 
. I 1 18 • 121. I Clay, cherty-sandy limeston . 

124 I 6550N 6269E I 7916.5 I 0 3 . ISoi1. 
, ! I I 3· 14. i Clay a.l1d cherty sa.l1dstone. 

! i 14. 116. 1 Clay and cherty-sanciy 

125 6509N 
I 

I 
I 

126' ! 6495N 
! 
I 

! 
127 i 6480N -

i 
128 I 6466N 

I 
1329 

: 'i limestone. 

6 Qry I - i II ' 2u ,E I 7916.5 j 0 2. ' Soil. 
i I 2. 12·5 I Clay and ' cherty sandstone . 
I ! 12·5 15. ,Clay ~d cher'ty-~_~~.: 
! i 
J i , 

6293E ! 
: 
i 
i 
I 

6097Z ! 
I 

, ! 
6102E f 

.. I 

7916.2 o 

-v. 
! 

<7915 . 9 I 0 
, I 2 . 

I ~8 . 
7916.1 I 0 

II. 
114 . 
I 122. 
1 
I 

r-~ 

.:.V. 

: -2. 
118• 
20. 

.1., 
,l4. 
i22. 

125. 
- 21 -

2 .07 

[SOil. 
;Cherty sandstone. 
iCherty-sandy limestone. 
i 
;Soi1 • 
iCherty sandstone. 
!Cherty-clayey sandstone. 
iCherty- sandy limestone. 
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Collar I' 
I ! ! 

Hole r 'Eleva- ]'ootage··lPercent.: . - .' 
No. i Coordinates !tion, ft. From";['l'o-tcoJ?per I Description and remarks ' 

129 !6452N - 6107E 7915.5 i 0,>(2. '1 ! Soil.. ..' .. ~ , ! . - .[. 2 ... · 114 • T ! Cherty sar.dstone. ' . 
! I ! 14. .,17. I Cherty-sandy limestone. 

130. 1'6359~ -' 5937EI· 7916.0 I 0 :1 2> . II Soil. . 
i · [ 2. . 1~\! :11 Clay and .. cl:').erty .sandstone .~ 
I 118. 12?~.: .. , I ChertY-S8..11dy limestone. 

131 16350N 5948E II 7915.4 ! 0 I 2~ I' I Soil. 

I ! ~: I t I ? ','30 'I Qhert~o ~e..ndstone. 
1 ·1 ' 8. ~l(Y'- I 1.48 Do~ 
I I ! l.i.' I ' " i I I 10. ,1 . • . . I ! Do . 

I
' , .. ,:'~ II 14. i:l~;"1 " ,: I Cherty-sa..'"1dy limestone. 

··1 .... . !' I' 
132 I 6340N 5960E i 7914~4' I 0 P ·2. I ~ 

i I • . ' ~'. I 2. ! 14 • . .j: 
'.. • . . r •. ~ ! 

" ," 
.. 1.; 

Cherty sand.stone. 
Chel'·ty-i'landy li11estone. 

! 
- ···1 ' . . ' .. ' ,14 . ! 16'~l 

. , : i 
133 I 6129N 5BOOE I 7918~.3 {O I . 2:: I' 

i .1 2. l IB,"" 
. .. , I 18. t20 .·· . 

S9~1. 
Clay end chex·ty sandstone • 

I Ch,:')rty-sendy limestone. 
I ! i i "'r 

134 ,161l6N - 5808E! 7917·9 (, G I :2. !. 
! ! I 2. i 14.; I q:o.t31~ty aanc.stone. 

Soil. 

i ! i 14. ! 17: :' ! . Cherty-sandy limestone, 
I ! t I' f'" 

135 16104i~ 58l7E I 79l7.5! 0 ! 2: '1 . ,"" 
I !: 2. 114 , .. : 

Soil! 
Cb.or.ty. s a.T.lds tone • 
Cherty-sa::dy l~: ' "~ -~ .~.:-_c. , I 114 • 116; .-,1 

I. ! .. " !' . ,- . , 
i " 

l36!6093.I:'l" - 5802E : 791B.0 ! 0 '2 __ .I ;. 
. . : . 

i 
"'-.,/. ov0.:::.·, - !,! _Ci-.-...;. 

" ,;, .. 
138 6032N - 5627E 

" . : ,.:, ' \. 

: 
; 
I 
I 

139 66isN - 56l3E t 

I 
I 

i 
.. ), •.... 

I 

. 7-; :"'0. d I' 0 
2. 

i 16. , 
I 0 

I ~. fIb. 
7921.4 

" ~ .J : 

. - '" 

2'.. ' .. ', 
,~ I: 
.lob •• · 1 ' • . 

18. I 
I 

1 J. 

16: >J.,. 
2~ •. r. 

~. :"'~"~~ ~-. 

' l'::'Oilo . 
:, .. :.. C: erty s8ncis'to e. 

'Cherty-sandy limestone. 

Soj,l~-: ' 

Cherty sandstone. 
Cherty-sand.y limestone. 

2. I. Soil,,,; 
6 'I' Clay and cherty sandstone. 8: ·t '1.3'1: Chel'ty sands"Cone. 

12. ., .. .46' Do • 
18 •. 1 
20. ! 

"., D<:>~ 
Cherty·sandy limestone. 

- 22 

.' , 
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Collar I , , 
Hole I i Eleva- I Foota~ IPercentl 

N0' 1 CoordL1"lates !-cion, f~J.!]."om_~o- Icopper i Descri'Dtion and remarks 
140 !6003N - 5635EI 7921.0 ' 0 i 2. I : Soil,. 

: I' 2. , 18. I I Clay aDd cherty sandstone. 
i ! 18. 1 20 • ," i Cherty-sandy limestone,. 

141 ~,:)94lii - 5403E !' 7920.5 0 I 2. lSOil. 
2. 20. I Cherty sandstone. I I 20. I 22. I Cherty-sandy limestone. 

142 j5956N - 5398E i, 7921.0 0 , 1. I IFill. 
L- ,.5. 3.09 !Cherty se.ndstone. 

, , 5. 16. i Cherty and. limy sandstone. 
I I I 

I, I 4 I .! 
1~3 !5970N 539 E I 7921.3 0 2. I ! Soil. 

i 1 2. ! 16. I ! Clay, cherty and limy 
II' ii' I sands tone. 

! 
144 15936N - 521lE 7918.0 0 i 2. !Soil. 

I 2. I 16. ,Clay and. cherty sandstone. I I 16. I 18. !Cherty-sandY limestone. 

145 15921N - 521JE 7918.7 0 2. i Soil. ! 2 . 16. IChel'ty sandstone. 
I 16, 18. i Cherty-sapdy limestone. 

146 !5907N - 5216E 7918.3 0 2. 1Soilo 
r 2. I 16. I Cherty sandstone. 
t 16. I 18. I Cherty- sandy limestone. 

147 15864N - 5097E 7915.7 0 'I 1. !]'ill. 
f I 1. i 14 . I Cherty sancLstone. 
, I 14. 18. I Cherty-s2-'l.dy 2..:.._"" JC __ '" 

148 !5879N 50S;4E , 7915.7 0 , 16 . !Che:;,·ty S2.~'1.c.~'C ':"~S. 
i ! \16. 1 18. Cherty-sanely lir.:a .. ;,~o_:.;,;. 

149 !5893N - 509lE I . 7915.7 I' 0 ! ~. Fill. 
I I 2. i 16. Cherty sandstone. 
i I 116 . 1 18• Cherty-sandy l imestone. 

150 j2122N - 2517E i 7778.2 10 'I 6 ISandy clay. 
I II ii' 6. 20: 1 Clay and cherty se....i.dstone. 
i, j00. I 2)". ' Ch t .L-' d ~' O e Co. ! er y- JJny s an s l.o n ' . 

!119~;lN 24b."3·"" Ii I: I ~2. I,: ' 151;. ..;; 7768.8 0 ~ !Sendy clay and. cherty 
I i I I s~dstone. 

1 I 112• 24. i jCherty-limy sa'rldstone. 

152 11724N - 2335E I 7752.9 I 0 5. i !Cherty sand.stone . 
I i I 5. 110. 1.19 ! Do. 

i I I;~: : ~~: .,41 I Cher+~~~~, '" :J~.~'~"_.V" 
..... 
1
11 

! i35 . I 55. ~ ~ 
55 . ~OO' 

I i 
I --~ .. --.- ,-
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