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REPORT AP'rh"R,THouc.urr MINE, SHASTA 

Ill'TRODUOTIOlf 

T .rlte~ rovisited the Afte thought rn1nGt luly 95-At~st 12. 

1947. tter en nb ence of rifts n monthS , durIng rlhieh tl about 00' 

ot diamond drilling wa. done, and about 1800' ot dl".1tt1nc. crossout;.. 

tlnn end r i ing. stnee ~esults of this ork were mn!rUy disappoint­

ing. the writer was enlled baek to nnlyse the add1tional data secured. 

1n tams of possible remn1ni.ng ohances for ore, an 'v to fldv10e on the 

tutur operat1on, if any. of the r.d.ne. 

The new dt'ittlng and orosscuttinG. pnrti<lulert:r,ehed much l!sht 

on ~truQturQl oonditione, her totor lar>ely de~lced trom drill-hol 8 

alone It seemed advisable, t h01'etore, to rest d-y the &bl"Uotur 

and ore oontrol in the mine area, lareely from eratch. fhe aeoompan 

ng Struott~8l Oontour ComposIte Plan and vert10al seotions are tor 

that renson essentially new oontributions, b sed on th~ no · data 

and 1n plaoes on 1nter~r t10n of old dab 

GEOLOGIC STRUCTURE A1ifD ORE OONTROL. 

The dominant struotural feature nd ore control rEtW).~.ns the 

no theaat tlank of the a1n rhyol1 te nne ,n mal ' seen by oocpar1ng 

the struotural contour plnne neoO!:lpnnylng the rlter t s l'eporte ot 

. y Po , 1946, JW'l9 ~8, 1946, August 20. 19 6 , September • 1946 an 

Sopt bet' 30, 1946. with the ourrent plan. Th r ~ntrant in the oteep 

tla .. ot the .e1n maSS which contains the ore out in D. n. Hole AS-l 

and no being doveloped on the new 100 ft. level,is g blnger concavIty 

than had been thouBht,tor at date ot ur1t1ng ore oontinues on t t 

1 vel. coin£) west,w1thout meeting the rna1n l!taS where the latter d 
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The northeast flank of the (a1n rhyolIte mass looalizes ore 

In the tollowinlJ ?fays.ae r1.l'st pointed out by Stewart, report ot 

June 9, 1946, 17-el,and by the wr1ter 1n ver'.OUG reportst 

(1) Ooppett or' a,occasionall, h1ch in zinc, along northvJoet 

heated. zonee in the Naln ~ss, near the contnct;exe!!lpl1f1ed by the 

ore bod1e.e below the ~oo near No.3 shaft. The oontrol or the oontaot 

over these ore bdd1es 1s well shown by Stewcrt'a Section D--Dt (not 

reproduced with the present repor~ '!'he contact ( ~nerally coexten­

siVe .1th the Main fault) dIps northeast .hile the sheoted zones dip 

south e t. Ore 1s r1ob-est near nhera the Zones abutt on tba oontaot, 

and dies out down to the eout~eet, awe1 from the .oontact. 

At higher hor1ams 001'6 or lees the earle thine 1s 8e6n~and h 1'& 

Mi nera11zed sh&eteCl zone a ppeal:' rel t d to rep1 06t'lent or boM ee 11\ 

11i!ly shale,at or olose to the oontact. Thus D. D, Hole AU-5, "hile tt 

pa ad beneath the 400 Ore body st!ll in the Nato rhyo11te,dlaoloa&d 

stron8 sheeted and breoo1st&d Zone onrrylng very heavy pyrite and ahov-

1ng st~etohe8 assaying as hieh as 11$ zino. The shoeted 00ne project 

up to the t'eplaoement ore in shale ,l"lnll alofl6 n vertical eagi!lent or 
the contact (see facaompany1ng Section Sbo\"f!ng i'ropo ed D. D.Hole "Ii'" 

and Oomposite -r-lan). (InCidentally , when the 400 Ore 'body ls d ttelope4. 

B or 880ut should be run into th Hun rhyolite to exnmine thi m!nor­

a11s6d Sheeting. Some stretChes ~y be mineable). 

Ase.!n,the sheeted zone exposed in the .,.cent extension of the 

outh crossout, 200 leval to the no raise to the 100' level.projeot 

up to the north end into the 200 Ore body. Some or this rmterial on 

th ~OO' level rnay be m1111n~ ore and y rrant development 1t/. st.o­

ping is started ~1th a mill on the property. 
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(2) satva sulphide rple.oEll'lent bodl&e in limy shale, h1gh in 

zino (18~ plua) and possIbly contn1n1ng as muoh coppel' as the eo" 

called copp r ores 1n the rh~o11te ( bout 3~) Thore are two ~ype 

of shale repl cemf)ntOl'8 bodIes. 

(2A) Vein-like, tabul r,relatlvcly no.rro ore bodies along v rt1-

can seccents 0 the Main rhyolite flnnk,where the 8h~16 beds lie pnra-

1101 to the ain l'hyoll to An exnaple 16 tho 400 Ore bod'1 ( e Compos· 

ita Plan. Section Showing Proposed D. D. Hol R~,and Sect ton Showing 

'roposed Holes A""l. A. -e). AS pointed out by Stew rt.re£erenoe clt d .• 

20-21. solutions pre8t~ably tra~ l11ng up the Ma1n contact where it 

1s st op and p ra1101 to the ndjolnl~ hale bods had 11t~tle oPPOl'tun-

1 ty to enter and replaoe the shnle becllUse the shale lwn1na wer _ 

plastel'e(\ along the O.ontaot Instead ot butt1ng ar,ainst It e. with 

Case 2B desoribed balo • F\~th&r,toult movenents took place long nn4 

near the contaetJsome ot these movements wero pr mineral and long 

at 1 beds 1\esult1n8 eoug p ar to have 11m ted repl cement on 

the side e 81 tro~ the Main :rh,011te oontnct.so that the 400 Ore 

'1 on the ~oo level has usually a GourlY northeast 811 .hleh cuts 

the 01'6 ott sliokly. Such ore bodIes a1' therefore norrow and tabular 

Th northwest "tntl " to the 200 ore bod"dr1fted on, 200' 1 el, 

Is a similar xp..mple; but the 200 ore body it&olf probably belongs 

1bh Case ~. 

(2B) . MaA iva sulphide replacoMnt ore bodies In shnl bed 

that abutt on the contaot in dip and/or atrlke;such oro bod1es npp r 

to 11e contained in ~onaavlt!e9 1n the northe st flunk of the atn 

rhyolite EQSe , so that tho ore-bee.rlnr,: shale bedd abutt do n the1P 

dip against B flatt1sh shelt in the rhyolite'. AS pointed out by Stew­

~rtt in suoh aoase aolut1ons travelling up the Mn1n oontact wore abl& 
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ot 
to penetrot betwe n ahle lttm1nae; an up ard shovejtEi a1n rhyo11te 

, 

mass (which probably oocurred about the t1~ of mineralization) auld 

faoilitate 8ueh I'ene~rQtion. The 200 ore body 18 an example ot th1~h 

(See Seotion t~ou6h D, D. Holea AU-2. AU-3,where the s111 aho e the d~ 

of the sediments as well). 

Another example 1s the ore body n~w be~g developed on the ne 

100' level.(See Oompos1te Plan). Her ore occurs along steeply-dipping 

ahale beds that probably Make an aOlte anele in strike !th the Main 

cont ot,and that sbutt 8en1nst a flat terrace on the .. £lin rhyolite 

flank, below the 100 ' lavel. 

Ore b dies ot this type are wide in plan;but they sutter a moles­
/ao often 

tnt10n not/Gncount ero{' by the stoep tabular ore bod! S ot OaS6 2A, 

the e.b.sle tqds carry frequent 1ntercalnted rhyolite s111sJ here a. 

er1e ot shale bede l1e parallel to fl steop segment ot the Meln con ... 

taot,.ore formed alon~ these beds ill not normelly bo cut ott by baIT 1'1 

s111s, iorthe latter nre een 1'9.11 oontormnble 1th the s 1e bodd1ng 

: lth Case 2B in contrast,the 1nteroalated s111s that abutt against t~ 

1n rh'!"'ollte wera in the rm1n imperViouS to ore" solutlons,they tOl"JD 

berren rIbs within the ora body,aa 1s ell shorm on the new loot level 

(ae Composite Plan). 

The larg st ore body kne n lay 1n the l'hyoll te " odgett .. 1rt the 

hanging al.l ot the Ma1n fault (see ~aot1on E:'E' ,largely reproduoe.d 

from Stewabt,snd theOom~o81te Plan). As pointed out by Stew rt (17), 

thlsblQck . 6~ h1~hly shattered and ore depo~ bed in opon spaces e 

VJGll as by replaoeMent. T No. 4 tunnel apl)Gal"£ to have been dr1ven 

i nto the Ahnles north at ot the rhyol! te "wedge" and to h va eneoun­

tarod shale r plaooment ore#Pl'obabl, fl further o:7t01!lPles ot Oase 2A.along 

a steep rhyolite contact. The "wedge" is probably a dom ... t ulted chUnk 
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or the Uil1n rhl'oltta tn 88 (ste %'t, 9-10) 

A 1 seer 8trt}ct'~ d1sCovered by Qte rt and which rocent oross­

,cuttt.ngand dr1tt1nc: hae pert tlt11 confirmed is the rhyo11te "shelt". 

called by 5te art .. ".1ll -11k d1kett .(See 8, otton 'q-E t , Section thl'oU 

D n Holes U"2. AU .. a, Sections to sho1! proposed holes ffl)'t and "E- » 

end th Oornpoelt Plnn) The fl 1m bottomed the 200 ore body,but 

t ho Ott xposed in D. D Holes A,U .. g.AU .. ~ 1s believed to nako alonG the 

steep norbhe8Bteo~ner of th1a shelt (sae oect1on through those ho1 al 

OHAJITO ES FOR FURTBRR (J E. 

Tho cenarsl zone, near the Main rhyolite cCIltaot,whiOh oonta.1n 

the 400 Ore body.has no been drifted upon tor n arly 900 ft. south­

east of that oro body, with negat1ve result. The Maln contaot haa 

been rellohe6 by dX'll11ng 1n three plaoes, eaoh barren, along this a t... 

stl'etoh. Ill-holes to the northeQ.st, tow rd and across t~ )1 ~.1n 

fault. ho this are to be largely great rh1011te s111s.eltm!net1ng 

chanoes tor 3njor ore bodies 1n the shale , possibly localIzed along 

the footwlS11 or the Maln fault 

It seems extre~el~ likely thot oro 1n the Af t erthought mine 

19 oonf1ned to the emall are north ot the rhyol'. te "nosoft ,nnd cast 

of the 400 t level main haul ge tunnel. The 400 ore body' ends to the 

aouthenet hOI'S it \'traps itself nround t~B nose (Oonposlte Pl ) 

nnd no ore haa been fOUnd south of this nose ( 00 SE dl'1.tt nd D.D 

Holes AS-3. AS-4). 

No. f\1l'thol' larne"scnle exploration 1$ \ nat iried, the propel'ty 

ahottld be placed on a selvae beelsl tho ore found 18 h1gh-~ de 

end should yl ld enough profIt to l'oturn the monoy invosted. OnCe the 

method of realiz1ng on the ore ls deter.mined (ehtpping to smelter • 

n1111nr: at • Oopper 00., mill, or in a mill t AfterthouBht ) the 

5 .. 
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400 and 100 ore bodies 111 presumably be prepared tor stop1nn. In 

such oase , t\\rther but l1Mited exploration 1n the re trlcted are dee­

oribed above will be justified as a slde-ltne to the produot!~n ot 

metals at n profit In other words, present expenditure .801 1y tor 

ex loratlon. ore no longer justltl d by exlst1n chance to make 

lar66 mine at Afterthou ht. Onoe the mine 18 1n production. a certain 

N!lOunt of exploration .• paid tor out ot op r t1n13 profits, 111 be 

'Worthwhile. 

REOOMMENDATIQ 15 OR rot I"OR TION. 

t'Jenornl,'" The following explornt1on _f:" ebe 1s designed to test 

~wo kinds ot struotures shovJn 1n the past to be f'avorable tor 01'&' 

(1) vertioal eements ot the Ma1n rhyolite nd other rhyollte contacts , 

suahas that olons hleh the northwest 'fte.l1" to th 200 01'& body mad. 

(200 level) end that alonc whiCh lies the 400 ore body; and (2) rlatte~ 

eecments ot the Main rhyo11te, or other rhyolite eontacte, here thes& 

tlat S8 nts are interseoted by· strong sheeted, mlne '"al1~ d zonee 

within the rhyolite. The neoompanytng Plan Sho~lns suen6sted Explor • 

tlon shows aoat ot the 0xplorntlon sur£8eted. 

lOP' ~ev$l ~ A.bpV8,!- AOQordinrg to 1 t at reports the 100 ore 

body le atill 1n 01'8 to the est end to the southeast The southoast 

drift 1 tollowtng the tootw 11 ot the ore,~hleh makes 1n shale bede 

str:Ud.ne; about moow and dlpplnr: steeply aouth~1e8t. The ~e8t drUt 

howev.r 1e followinG the north all of a steep rhyolIte contaot, nd 

the ore th61'e,l'eplaclng shale bedS of the attltttde dserIbed,etrlke8 

across the west drift at on coute en Ie. So that the !drlt'tlt 1s 1n 

part a crosscut. A rib of rh.:1' 0 11 te sepnl'ntos the ee t drift ore from 

thAt in the est drltt;this rib 'as cut In D.D.Hole AS-l. a sho n on 

- 6 .. 
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the Exploration Plan, ore was cut in D. D.Hole AS-l west of th~ ~hyo­

lite rib and south of the west drift. Three long holes drilled into 

the south ~all of that drift showed heavy m1nerallzation;one hole 

sho'wed good zinc ore that looks like a replacement of s~ale. Actually, 

the rhyolite rih bifurcates as shown on the plan:it ' is a single rib 

southeast ~f the 100' level ~ork1ngs,but splits near the short n9r th 

crosscut west of the raise. According to D.D.Hole AS-l,~here 1s ore 

south of the south fork of the rib;the ore now be1ng drifted on to the 

west lles between the two forks and was not cut in Hole AS-l. 

The ore on the ea.st of the rhyolite rib VJaS crosscut east of the 

raise, and its footwall 1s now being follo\'1ed southeast. The northwest 

extensi~n of this ore is unkno~n. 

Pr (See Exploration Plan). This hole 1s 

desiened to explore the ground between the rhyolite rib and the Ma1n 

rhyolite mass, under ore cut in D.D.Hole AS-l. It should be drilled 

far enough southwest to enter the Main rhyolite mass. 

Proposed DeD.Hole ~P~l Designed to test the northwest extension 

of the ore east of the raise,and to explore the area between this 

ore and the 200 stope. This is potential ore ground,because the 

flat secment of the Main rhyolite contact thouCht to have helped 
.and 

localize the 1~~ ore body extends beneath it' because there is ore 

northeast and southwest of it. A large rhyolite sill borders the 200 

stope on 'the southeast (see large Composite Plan and Section Showing 

Sucgested Hole ftH,. This sll1 may have helped localize the 200 ore 

body and there may be more ore on its southwest side, T 

The 100 ore body has emphas1zed the fact that barren s1lls or 

ribs may ex1st,w1th ore on either s1de;this fact must not be over­

looked. 

- 7 ... 
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prsmo d Ad1t to 00nm C~ ,;!th 100 Ore body Work1n~1 en 

top',ne of the 100 or6 body cOlUlnences. a seoond exit ill be r qulred •. 

lIil' Prioe has 8uggested en e.dit into the hill , at the elvatlon ot No. 

1 3ha.f't col1 ,a sho on. the Exploration Pl (pos1t10110£ portal 

approx te). The edit ~ould connect with n rn!ss near the at n4 

of th ore.eml driven BS high nS pOBs1bl in O~8. The ad1t and 1$e 

.111 facilitate handling of supplies tor tlinlnr;, slnee a truck n 

be tl%-1ven to the adlt portal . The ad1t he.s 6Zplore.tion value as well , 

tor it w111 travers0 the zone of intersection of a strong eheetezone 

in the. ain rhyolite 1th the northeast nank of tho rhyolite es,. 

8S shown on the plorat1on len. 

aoo' Level Horizon.- The nn1n struetul"nl t ature at this horiZon ---- . , 
1s the vertioal sepnt or the l~a1n l"h~'011to oontact that helped 

lo0ft1106 the tI ta!l' of the 200 orG body It N'ear the< main 200 0 e body 

the rhyollte contact flatten as bon on the E~plor~t1on Plsn.but 

southenat or the steep segment,. nnd in line with tt, 1& a prOl'l1s1l'lg 

area. that ot the intersection of n stronn and ,ell"'l:l1nornlUed 

sheeted zone wi th the northeast flnbk or the sin rhyolite 8S. 

The oounterdrltt 6h~n ot the Exploration Plan m1r~t be driven to 

6xplore t nr a,but dr1ll1ng soems preferable. The Seetlan ShowIng 

Frape ed Holes ·1, A~2, raClng th1 page, hows lternat1ve halea 

Pl"opoe&d 'Hol~~ A~l. A-2 (Al'ornat1ve). A-l nppe r& the bett r hole 

Itould out the ehala beds at 0 bette~ ~e end oul te t Q W 11 

any upw rd extensIon of the 400 ore body. Role It. -i, dr1lled tl'Om the 

100 level, could be drilled at the same time Holes B nnd 0 are drilled. 

(See ExploratIon Plan). 

The vertical S6(tX!l6nt ot the in rbyo11t contaot \'Je.s drIft.ed on. 

200' level, southeast ot 0.1 haft , but not to thO nOl'-th\'16 t. The 
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300' l evel 11 S lQl'gely 1n the r hyolite " shelt".and the vertical 
also 

8~smGnt under d,1aeu8s1on i8 obscured on th& 400/f5Y'l5h1e shelf (see 

Section E-Bt .tac1ng p.5). 

ExploratIon to the north Joet,ot this and possibly oth0r contaots. 

hl\8 n apec le..tlv6 attract1on, because ex cpt for tho workings 1n 

the rhJol te "wed n a loI16 the Openout or bociy,no 6.xplOJ'Btion has 

over ooan done nOl'th?1est of th main halliu\66 tunnel" 400' level. 

( Se~ larb~ Oomposite Plan). Recent work haS emphnaaze4,unfortunate1r. 
the el\ee with wh~.ch ba:r:ren 2'hyollte ma~' cut out ore above,.belo end 

later llytthe 200 ore bod~ 1s cut off n fe~ teet above the stope back 

by tlat-l~lng rhyolite Jsuch en ore body could have no sur ace e~pre8-

s1on,and 1m1l8l' ore bodIes northwest ot Nt.1 shatt, here the M in 

rhyolite contaot outcrops b z.l'&n would have no surface e~p:re1on 
1 either. 

1. ! ote. Proposed D D. Hol B eight ell be e:r.tended to G total ot 

130' to t at the po s1b!11ty f0r o~e above the flat rh~o11te ma (\ 

t hat cut ott the 200 ore body going up. 

alonG th a1n rhJo11to oontaot as own, The oontnet as tolloYled 

111 soon oV rttrn , di ppinG southwest J but tarthe~ northw st it ~\8t 

stra1ehten u!',eni.! !:.3l"'e nlc;ht be a favorable locus tor ore. 

Proposed O .. n. flcle E (ftlt~rn&tlve to above drift). See"'" plol"a-
.. __ " ;:;4C .. J 2Ot::tC= - .. L ;;J. 

t on Plan. Th drift has the disadvant age that the top ot the rhyollt 

"shelf" 11es not tar belo It;the shelt ~lght r1se goine north est 

to the horizon ot the dr1tt.outting out chances tor ore. D.D.Hole E 

has be n designed to avoid this eont1nfleno~ and mey be_ a bettep bet. 

... 9 .. 
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(See Seotion Show1nn Proposed Holes E and F, fnoing p 8) 

300 t Level Hartz en. ~ The hori00n of the :100' level roughly 
.......... b I 

bieecta the nearly vertioal 8ur~ace ma~k1ne the northeast e ga of the 

l'hyol1 te "shelf " and exploration of 'this edge '1111 be discussed' 

for conven1.enoe Under that heading_ (See Sect •. ons E- E t f and Seotions 

Showing Proposed Holes D, P,also Seotion through Holes A U-2 U-S). 

Both the ltlI'ge Compos1te P1Qll and the F,xplora.t1on Plan ho the 

anomoly oonneoted w! th the ore out !n Holes A U-2 U-3.and the no~'" 

~est end ot the 400 or body See a1ao Section thrOl~h D.D.Holes AU-e. 
AU-3. At the horizon or tho 400' level ther-e ... 8 no direot oonneotion 

bet- can the 400 ore body and tho ore of Bolee AU~3. AU-2. But above 

the 400 horleon"the northeast edp' e of the rh"'o11 te shelf 1s oont1n~ 

UOlts. Boine southeast. '11th the vert1r..al sognent t the in rhyolite 

mass along ~h1eh the ~oo ore body ~.de (see o.lso , Vert, Long1t. Pro­

jection. 400 ore body). It fellows,therefore, that at say 1150 t ~le· 

vat!on.or0 1s cont1nuous, fro~ the Main 400 ore body on the southeast. 

through D.n.Hole AU-4,and to Holes AU"'3 U-2. FolIo ling thio ore,at 

the proper horIzon, northwest to'0ard No.3 ahntt,i8 essent1al. 

Proposed Drift , 1150' elevation' See Bxplorntion P~. The drIft 
~ -

MO.t be at rted from e. raiso on the tall-l1ke clown ard extens 10n ot the 

AU-3 ore,aS sur£~~ted on the . ~ploratlon Pl possIbly Q prefer ble 

plan Vfould be 6i,:rly to start dop1nc the 400 ore bod, above the 400 

level and pursuing the o~e northwest 1n the stope,or b, a eub- rift. 

Before doln~ this it ~1ght bo adv1sable to test the northw at 

extension of this ora alOne the northess. edGe of the ah It.or to 

search tor 0 posslble seeond ore body nlonr this edge. 

,P_r_o~ __ ~~~ __ w-~see Explorat1on Plan,and Section ShowinG 

Hole D,faG1ng p.a. 
.. 10" 
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The northe at Gorner ot the rhyolite usheltft has n"ver been 

explo~ed no~th est ot No. 1 shaft . 
" 

Proposed D'D.Hole . See Eltplo1'8t1on Plan , and Seotion Showing 

Pl'opos&d Holee tmd P, racing p.e. Th1s hole VJoull be attraotiYe 1f 

Role E t'ound · f)r~. 

40q . »~ to; e'r !?l"~tso,l'\.~ t." Th vertioal egment ot the Main rh",-o .... 

lite contact erlfiats below th rhyo11t fl aheltt' (see Sections E-E t . 
1 

, I 

Section tMou{',h ltol.ee A U-a, AU ... 3. end Seotion ebo 1ns Propoeed Hole 
.. \ 

G, taclnB this p~.ge) .. This 10w6r sepnt has been 11 ttle ' l'tplored and 

looks 11ke a prom!.elng plaoe for ore. 

Proposed D. D. Role 01 stewart reoommended 

to be drIlled south from No.1 shnft station. 400 level . (Se pio" 

tioD. Plan) . I preteI' Hole O,elnoe It would out the oontact wi thln 

the proven ore a.rea. 

In the aree. ot the 400 ore body,the vert1eal segment of the 

I · in rh~ol!te contact per 1ets do~ erd as tor as explor d (aoe 

~()ot!on Rho ing Proposed Holo B.1'no1nu ~ p6ge '2; The ~100 ore bod,. , 

as shO'f1n on the seotion (ltld on the Verti0 1 Longlt. ?rojeotlon." ppearl 

to be cut out c.t depth b one or more IJUJ'~""S 8111 rhyolite plasterl 

68tn t the MAln rhyolite maSs , Thera 8ee~8 no reason why such s111 

rh'Yoll te bodlea should persist 1ndat1ni ~",~ .. , d:J~~ ards . If they 0 

not.the Main oontact,lf atill vertical beneath them,would ppe to b 

nn especially favorf\ble, 100us tor or8;indeed,the present 00 or 

body might represent 2!1erely t' leakage*' Ol"e ,depoel ted by solut1on that 

~nsg d,~h11e csceJ1ng the Ha1n oontact. to sneak past bodIes or s111 

rhyo11te. The real !!line ml8ht lie at depth. This 1s puJ.'l6 speculation, 

but 1 t seems to r:ae. a shomo not to teet this ohance . 

- 11 ... 
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Dla~d Dr_ll ~le AU-5 cut toward 1ta end total ot 6' ot 

131~ to 16.6~~z1ne ore (see Oomposlte Plan) nntort matel,. $t'tldy ot 

this and other d'111-holes of this port of the Ar a.toeeth0~ lth 

that of ero~scuto reoently driven on the 400 ' 1 vel u ·este that 

this ore 11es in a rh'~o11 te al11 next to a thin nfer of hale sopa s'" 

tine the first Gill trom anotl r one eouthMest of it . Neverthl 8. eon 

t\trther Gxplorat1onot this possible 9DE'.11 ore body earns deslrabl ., 

Pro tExploration Plan end Seot!on F e1nc t s Pttge),. 

The hole ould out the Stu!le shnle 'at r at n point 45' sO\lthe at 

ot where cut in Hole AU-5 and 60 t h1cher.and the in r hyollte contaot 

ate point eQne 250' belo the 01'6 on the 400' level 

1!rlornt1on 2! Old Ore Expo6Ure ~. 

loot Lev 11 North of No 1 Shaft there is ~ stretch ot 80114 

snlph!des.1nclud!ng ZtlS , 35. long anti at 1 at 5' long The 1tt 18 

caved at eaoh en of th~.t atr tch,ao the leneth of ore ln8Y be r,reatep. 

Th1. should be lnveotir.:;ated;1.£ the ~ro' Hld is not too heGv~tfnn ttet 

PJ1eht be t:1S.de to r.-et1mber the Qev d parte nd aeeerta1n the size of 

this sulpb1de ore bo '3ft 

200' Level, Price ost1~tes 2600 tonD ot ore ~eMa1n1na.ln the 

top and sld 8 or the BOO stope. e "tail" of ore drIfted on, 200 lov* 

61 .. sho \ld o·'h3 . o'J'Glop d , by a ~l&e. 

460 Stope, Zinc ore !'ema1n t the soutbee t e(1d ot thi eto · • 

StO\,art $\l(m~~t~(t e. C\x-lll-hole. S8eoE tt'Orl the tl"nnstol'mer station. 

400 level. to explor the southeast e:r;tension ot this ore Since 

r!Oe eat .Ates 4200 tons ot ore between the top of thIs tope and 

the 400 level stll ~ the 50\tthe at extension My b explo.rGd and cln 

!tine; stop1nn· 

.. 12 ... 
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ES ATE OF PRORABLE TO AGE. 

V lopm nt of kno~n ore 1s not tar enough ad aneed to pe~m1t 

of ny pr 0180 Gatl .ate. but the ord r 2! ~sn1tude ot tonne poe­

slb1l1t1 s ~y be guessed at • 

.iQC! Ore Bod;1.- The Vent'.<1al LonB1t. Projeot!on rao1nc this 8 

shows l'lY conceptlon of the on pe and 81ze ot thIs ore bod,. ABSU1!l1ng 

an e,verE\ge t9idth ot eft .. and. n d.e-naity of 9 cubIc tt. per ton g1ves 

?9.000tona, ( 11ut1on not oonsidered) •. 

!QQ ~ BOdl!~ Thi 1a be t considered in three portIon 1 

(1) (!last of the b1f'ttroated rhyoltte rib (seo Composite and lor t1e1' 

Plans end ref r to p,6"''7) J(2) between the forks of the rib (present 

196 t dr1ft 18 e~plor1ng th1G}J (3) south or the south tol"k ot the rib, 

and lnder the first str tob ot ore out 1n D.D.Hole S-l , 

(1) The ea t orosscut has dl closed a ldth ot about 30 tt. 

tor this body. 8A\U?11nB a strike len(Sth of gO ft. end fl vort1cal 

height of 50 ft. lvea 16,000 tqne. 

(2) . The ore bod, between the :rib 1s probably norroVJer;15 tt. . 

ldth has been n6eumed, w1th an a sUZ!led l ength ot 60 tt.e.nd height 

of 50 it ,thero .oul d be 4000 ton here~ 

(3). oth1na is lm("l 'n ot this body xeept the flrst oro inter'" 

C$pt cut!n 01 As·-l B !'6ars to rep!'G ent '.t,nnd t least one or the 

drifter hole put in from the w st drift, 100 rt. l evel.aeem8 to ~ 

penotra.ted it. 'roo body mieht contain. 5000 tonal , 

Po sible total~ 100 Ore bod,. 24,000 tona 

Restyn§, 'oes1~1" .s;!!:!.1ft ( 18'ltflee other than bove trom Pt'1ce). 
~6B . aoo Sto 2 ' 

450 n 4200 (top ot ate e to 400 s111). 
400 01'6 body 29000 
100 It n 24000 

'!;~~OO - 13 .. 
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The to totUld and o!ned ~ die ppo1ntin 1y 10 1'; I 

d_strust both the 400 and 100 01'8 bodies. a ool.l b Co. S ot the 

unpred1ct ble b11~t 0 111 ~l ol_t to cut out O~ , On the 

other hand, the 111 h v shoots from 

t t 1n thl PO slb111t k t t4rcly in 

by 1'!bs or oth r 

nl 

by pr eno 0 or 

01"l th norbh 

tIona In 

and t 

tim t B 

us 111 disclosos 

o ... n 0.0 tunlly t rts, 

~ere not eked 

ill ~h~o11t , h tterthol bt ore in e 

d by b M' n hnl0 SUS stine in no .0:1 the near-
. 

us on the 00 1 vol on1!1n1 tnnd 

... ot the 0 ore 0 .!n n 01:'08 eu , n 

toot away 

ee~ no 

a'.ell of 'or 

no thv/o t 0: 

In tle v 0" on~ tt e1 y tr01!1 the 

ttored eha.1 

de of other 

o tho at t. of th oro bo41oonl 

is vis1bl • t'C 0 lo1t 

1 c 8~n the m1.n 

T . 11 th!s into ~on idol' t1 , n varthol 88 in ~y op!n~on 

11 'O~OOO tons nt bost. 

s ntly unau poet 1b l1t! S ot ore nt 

th~ m 1cnll: 0 

o 0, BLE 

Tho 1ter 1 t~d no ve nr;1n ot e t this time bae use 

no &aple hav t boen tnk~n of th o ~oo and 100 or bodle8.e~oep 

or c rill-hole las. Av rnees by oth ra of tnple troD the d1'111 

hole and f the boOk ot 200 eto e su eat thO £0110 tne rough t1g-

uro • 

.. 1 



.0 3. 0 4,0' 

Zn 

20. 0 

I under6tund that the presence of bnr1te in the ore inval1d ted 

lnlOh of t e.s v m the 19ur 0 the 

z!no averageJ otlerwia these ~nluas correspond to thoa e lCulnted 

in your Los ngeles orr1co 

... 15 ... 



·H:A3TA 00 TY, CAr~l • 

Introduction,- toll o tna pe rt 1 b B&d on one dayte 

t1 1 ark, AU t a, 1947. d by bri&t 81te on t ooca lone 

inA 1'11, d ,epert und,"l' i''' d. or ln68 eha.n 0 the eoomp 

lns plt\l) e f"rOl'!1 In by E.D.Lintob #1 ted 191'7 ~ 

Gene 1 Geo~ogY,. 1 or' inga r to l1e ntlrel 

w1thin th 8 . l' elite adv t t 8 t the ttel'thought 

a, br.Itb a1n 8 1.10 alon th nopt as e e ot the 8'" The nita., 

mine rn18ht 11e mlle halt loutIle t ot tt rthought. 

As 8h on the lon, the l'h elite-shale contact t the nke,. 

1 not a 81tnple onet it . Contain e the!' deep tU!lba te ot h$le 

1n l'hyollt 01" 81e "I!OO~ von nt , It th t the north crose-

cut, aoo level, ay . reh~ the ehgle cont ct neere t t ~ne. 

The rh10lite 1n tbe en ot the n 1 doo!nnntly fis 11e,the 

. 1 ne ot tise111 ~-w to GOo a & rul J zonee 0 fisa!l t, 
e 8e eted rib or 81ve ~hyollte. So ot tho ~hyo11t 1s 

br eclst d; w_th c are ltheotin t:r6V8elnn th b 001. Ourl0tt 11, 

the ttltade ot the ahal beds corre ~nds 1tb th tlesl11t7 in the 

rhyolite. 

11 etl101f!0 tion 1ron~eta1n1n8 on4 manganese 

steln1nB fl1'e c t rel.tmst tb!' out the pe rea. The 30r 

nernllzatlon howe er 18 ConfIned to ell-defined lond north or the 

hE\tt . nd eXPQlu&d 1n the ,openout of the sht end in the t 

t'ltnn&le Milt est at the t, .110 th!s zon the strong tle&11!t,. 

t~_kee bout 700 • h& e hat in tho rh1011t outb ot the zone 

str1ke n 1'1,. ... Gou 811ps co. n in tho • ner ltzed zon 

an it 88 p~obnbl t t ne 18 loou ot tnultl • 

... 1 .. 



at a lIed on the p16ft the ~ in truoture~ 18 almost oert Inly 

fault, prob bl ' l'eve~.,e faUlt. 

The lb ne shows 1ntenee bydttothemal 1 te tlon.,. 8p01'a C ·oe11u1 

l!tJonite, co on opt)eX"-st in tk"H OOca 10na1 8ta1n. .0. 
T 'tYlor 1a 8 1d to he.ve lppe - gl' de 811 er ore ho the op noutJ 

E ot the s t In the ",e2Shet"mlo~t. t'!.1nnel 6ft str ak of no 

me. 81 v ' ephalerl t.. ' n nd 8<me ObaleoP11'1 be 1s x "ed. 

on t ~ 18 •• 1, the e8t~ly wotfld: tl'Om the sbaft. 18 , prob b~ 

ritt on t one,~8 sue e t on the Section. 

~lt _1. 8to1nG w ., done, but hethel' h1 1'& nbs the nt!r nker 

product10 18 not 1mo 

T 6- streak. ot 'ulph!d 8 1n the eat ttmnel e 8 cbrupt17 

ott the eIlab) m1neral18atloft ex~& d ,in the 0 enout ot th batt 

1& p1nch1ng to the west u e ted Oft the pl .. he Ol',e oCQUl'reltoe 

18 thou ht to be., 1 lena&8 10 tb18 neral1zed 80M. pi 

ahowe • nort e t o~oe8eut. 75' 1e el, troa the eh ttJth1 

trav.t'~e the ~nerallz d eon and np rentl~ It round nothtng A 

ion er north 01'0 'ut. 200' level not ()n~ crossed the mnot'alllJe" . 

80n. but 0 bly" 'cbed th shale ccn ot. 1nuly, I to14 t , 

lone tt t th1 " ., do th$ mine ." t red,al aned out &ll4 

tth nt- ~di800U~ result 

111 hole hewn on the Ot1CD 

wellld he abO\tt 460 f long,1t t'ould cut the m.nettal! d so e t poor 

o (Jot the e "'opth 1th a proper 1 ot 1l'ltereectlon would 

r Q.uIre a 600 tt. bOle or lon 1'. 'rbo hole 3. 14 out s no p t1cu 1" 

~ jeotlve other than to out th m1n altaed zone re it 100 8 &tro 

est nefU' the surf oe,end l'oughl'tf b low the ere bo e the 200 level. 

I do not .. 0 ' nd t 18 hal. ,bOt' an \'IOrk on th Donk • 

f.lJ. 
S n 

1M I ... 
Edwel'c1 • ieeeI' 
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~I rrq 
J.ot1 • -

, h t/ tit. l' 7011'. 

If fA J. ••• 1 01'1 

t 1" oa the 

t~ rhyolite drop ••• a, .~ 1 ,. Yiew.d 1n h. pla • or the ore SOft. , 

eo that or. 0 the th 1. ,1 hor1ao 

us, while t • 4th level app •• ~e In •• ~.1 • 11ttl. 1 w rol' 

ax~ or 0 thil zon_, it ••• e tor that .'1'1 1" •• 0 .a 1de.l le.el 

tor .x lor ti becau •• ,ll I a 

d. would make a p.rt.ct extra.tioD level • 

•• 0 pIe, ro •• eut 

SlOO 100 It . to .t •• or. 1. Bol. U-S . Dri.. .out • It ... 4 

.Ol~t ••• t oa t • or. lOft' . • ar41 8 po •• lblllt1 •• tor t • Jf drift , 

•••• , r.p rt ot lu •• 28, l~ 6, p. 6. B •• t oh 0'. at prl.e.t ap '.1' 
to b. to t •• out .... t . • • 1 rh,olltl 00 taot • oul b. to110 •• 41 

It ore ou14 1'1 out, • ral ••• ould be put up,! the .e41 Bt. 

010. •• to tb. 00 tact, but ate. t.et out fro t r yo11t.; the 

1 cl &t10 of he ral •• a ould .~11.1 the dlp ot the oo.ateot . 

(S •••• tlG.' tbPoulb Hole. U-5, U-S) . 

X2SXXXXxxsxxa 

Th. are. pre'pected '0. ardj t • botto. ot Hol. AU-5, w 11e • 

• • ulatl •• prosl e.t,l. b •• t dilou ••• d her • • •• r it the 10 t .... , 

drltt,4th le.el, 0 the AU-6 O~. eo. reacbe. ~. 11 e t Hol. AU-5, 

.oha •• 111 b. ttered t ~ea thla ar.a. It .1'1' • IAt. ' OaB b. 

to dr111 t • are. 1 qU'ltl a,llac. ,~ 

S •• Ver 10al .0tlOb throuth Po1Rt 5800B, 7 

lev.l .. , be too h18k. 

( 250B) aOOo~ 71 

'1 lett.r to lOU ot S.pte.b.l' 16 1 •• t . Otherwla. dr1 •• the ero •• cut 

.bow 0 the plan wit ~1. report . 
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as well as its depth, is conjectural. 'Wbatever the original 
source of the hydrothermal solutions, they probably made 
their way upward through tbe earth's crust along sheared 
and fractured zones in the Bully Hill rhyolite, and in 
th e sedimentary rocks of the Pit formation. H ere and 
th ere the physical condition of the host rocks was such 
that the mineralizing solutions had relatively easy access 
to the bost rocks. Where the temperature and composition 
of the visiting solutions and host rock were favorable, a 
chemical reaction occurred, and the host rock was slowly 
replaced by sulfide minerals. The size of the resulting 
sulfide bodies was dependent in part upon the volume of 
host rock that was accessible to the solutions and also 
upon the length of time that the solutions were active in 
the area. 

AREAS FAVORABLE FOR EXPLORATION 

Known ore bodies, of which possible extensions may 
be found , are: 

1. Northwest extension of the Copper Hill No. lore 
body between the surface and the 200 level. According 
to Lindberg (1919, p. 11 ) the northwest face of the old 
100 level is in part massive sulfide; and high-grade sulfide 
appears on tbe dump of the No.4 adit. 

2. Downward extension of the Copper Hill No.1 Gre 
body. There is no record of what was mined from this 
ore body between the 100 and 200 levels. The ore body 
has a maximum width of 35 feet on the 100 level, and 
the favorable zone should extend at least half way' to the 
200 level before intersecting the Main fault. 

3. Southeast extension of the 220 ore body. Drill-hole 
data indicate that the soda rhyolite bench extends for 
at least 100 feet farther to the southeast. The sedimentary 

. rocks probably dip southwest into the soda rhyolite bench, 
and the area of this extension thus' has the same geologic 
environment as that above the 120 and 220 ore bodies. 

4. Extension of the 412 mineralized zone southeast be­
low the 400 level, and northwest above the 300 level. 
Bodies of sulfide along this zone, which is marked out by 
veinlets filled with quartz and calcite, are apt to be small, 
but there may be several of them. The 412 fault zone 
projects downward toward the mineralized zone en­
countered in diamond-drill hole AU 44, and upward 
toward the 220 ore body. 

5. Southeast extension of the 450 ore body between the 
500 and the 600 levels, The top of this ore body seems to 
be controlled in part by an anticlinal fold in the shale 
and plunges southeast at an angle of about 40°. From 
the distribution of caved 500-level workings, and from 
the presence of sedimentary rocks below the 500 level in 
diamond-drill holes AU 4 and AU 5, the writer infers that 
the minerali7.ed zone continues to plunge southeast below 
the 500 level. 

6. Possible downward extension of the 800-level min­
eralized area, This is a strongly pyritized zone, which 
includes a Jem; 15 feet wide and at least 40 feet long that 
assavs more than 4 percent copper (based on observations 
by F. W. Stewart). Although the writer has not examined 
these working'S. it, seems possible that the material exposed 
on the 800 level may be part of the pyritic halo that 
characteristically surrounds sulfide bodies in the soda 
rhyolitr shrar zonrs. If so, the core of the sulfide body 
is probably below the level. 
70764 11-52 2~{ o 

7. Almost all th e orc bodies en dose layers of unreplaeed 
rock, and in some plates th ese "false faces ! ' might be 
mistaken for the true wall of an ore body. Therefore the 
walls of all stopes, especially the shale wall, should be 
explored at r eg-ular intervals. 

Geologically favorable blocks, other than extensions of 
known ore bodies, include the following: 

1. The block southeast of and below the 500-level work­
ing-s is geologically favorable because a nearly horizontal 
body of soda rhyolite underlies sedimentary rocks that 
are known to be mineralized in diamond-drill holes AU 5 
and AU 44. Furthermore, sbear zones that probably served 
as feeder channels for the 420 and 450 ore bodies extend 
downward into the soda rhyolite in this vicinity. 

2. The block of sedimentary rocks southwest of the No. 
3 shaft between the 400 and 500 levels is geologically 
favorable because the sedimentary beds dip southwest 
t.oward a mineralized fault contact with soda rhyolite. 
This fault contact is the same one along which the 420 
ore body is localized farther southeast. 

3. Mineralized shear zones are probably present in the 
soda rhvolite below the 800 level. Bodies of high-grade 
sulfide ~imilar to the 700b ore body may reasonably be ex­
pected where such shear zones intersect the shale contact. 
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ABSTRACT 

The Afterthought mine is in Shasta County, California, 24 miles 
northeast of Redding. It is primarily a zinc-copper mine. Between 
1905 and January 31, 1951, it produced 158,525 tons of crude sulfide 
ore that assayed an average of about 16 percent zinc, 2.7 percent 
copper, 2 percent lead, 5.0 ounces of silver, and 0.04 ounce of gold. 

The chief rocks in the mine area are folded shale and tuff beds of 
Triassic age, underlain by, and also intruded by, soda rhyolite and 
soda rhyolite porphyry. Rock contacts and bedding strike northwest 
and in most places dip steel)ly northeast ; a weak cleavage strikes 
northwest and dips steeply southwcst. Volcanic breccia of Pliocene 
age onrlies the older rocks unconformably. Four types of faults 
are present-(l) low-angle thrust faults, (2) steep normal faults 
that strike northwest and dip southwest, (3) steep normal faults that 
strike northeast, and (4) faults that dip northeast. An important 
and unusual structural feature is the benchlike contact between soda 
rhyolite and shale. 

Along certain zones the rocks have been carbonatized, pyritized, 
silicified or sericitized. 

The ore bodies are sulfide replacement deposits that occur (a) in 
sheared and fractured soda rhyolite, (b) as a replacement of shale 
along premineral fault contacts between soda rhyolite and limy 
shule, and (c) in limy shnle. About 15 sulfide bodies of minable size 
nre known in the mine. The lnrgest of these, the Copper Hi11 No.1, 
now mined out, is estimated to haye contained more than 50,000 tons 
of ore, but all the other ore bodies are considernbly smaller. The chief 
structural controls of the ore bodies are: sheared and broken zones in 
the soda rhyolite; high-angle faults between soda rhyolite find shale; 
sodu rhyolite benches ; a re,'erse fault thut dips northeast; und drag 
folds in the sedimentary rocks. The ore is a mixture of sulfides and 
gangue minerals. The sulfide mineruls are pyrite, sphalerite, chal­
copyrite, galena, tetrahedrite, and bornite, with minor amollnts of 
luzonite, covellite, and chalcocite. Gangue minerals are calcite, 
quartz, and barite. Oxidation extends only a few feet below the 
snrface. 

All the known ore bodies in the mine, except the Afterthought 
shear zone ore bodies, are in a block tha t is 600 feet long, 500 feet 
wide, and 700 feet deep. It is in this block that the irregular, bench­
like contact between soda rhyolite and shale is found, and se,·eral 
good prospecting areas along this contact in the upper part of the 
mine are indicated. There is also eyidence that the benchlike contact 
between soda rhrolite and shale lliungps southeast at a low angle; 
therefore the writer believes that wiIdcnt prospecting in the mine 
area should be directed downward toward the southeast below the 
500Ie,·el. 

INTRODUCTION 

The Afterthought mine is in Shasta County, California, 
on U. S. Highway 299 E, 24 miles northeast of Redding. 
The property lies in secs. 10, 11, and 15, T. 33 N., R. 2 W., 
Mount Diablo base and meridian. It.is near the eastern 
end of the East Shasta copper-zinc district. (See fig. 1.) 

The maximum relief within the mine area is abollt 800 
fect, and the ean~'on of Little Cow Creek, a perl11allent 
stream that flows southwest and proyides an ample supply 
of water for the mine, is the dominant topographic 
feature. 'l'he mine plant and main halliag-c l('ypJ arc on 
the east bank of IJittle Cow Creek at all altitmle of 1.125 
feet. The bilbilopps I)urrolludiug the mille rise rather 
steeply to an elevation of 1,800 feet, where the topogl'aphy 
becomes much more subdued, owing- to tll(, prcs{,IIC(, or 
a Tertiary erol)io11 surface capped by a pcrmeable volcanic 
tuff breccia. (See pI. 1 j fig-. 2.) 

The Afterthought mine is OWI1e(l Hllll operated by the 
Coronado Copper & Zinc Co., and the property is said. to 
illclude approximatel? 1,800 acres of patented mineral 
claims consolidated into one block (Linc1berg-, 191!l, p. 3) . 
Of this total, less than 60 acres is underlain by mine 
workings. 
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FiGURE 1. Index map showing the location of the Afterthought 
mine and the East Shasta and West Shasta 

copper-zinc districts. 

The mille is developed by lline levels extending tit l'ol1!!h 
a vertical distance of 720 feet. The 400 level, which is 
the main ha1l1ag-c lewl, extends 2,!H0 feet illtO the hill. 
At a uistallce of 1,450 feet from the portal a 329-foot shaft, 
the N.o. 1 shaft, connects the 400 level with the surface. 
Two undergrolillu shafts, olle 300 feet deep, and one 400 
feet cleep, COllllCct thc 400 level w.ith deeper working's. 
'rhe mine workings total 18,700 feet: 16,500 feet in drifts, 
erosscuts, and stopcs all(l 2,200 feet ill raises anel shafts. 
(Rre pI. 2.) 

At the time of tltis Shlll.\· !J,7!l0 feet of the lllille work­
ings were llHI ppeu. A n additional 3,200 feet of working-s, 
now inaceessible, wpre mapprd in 1046 by]". ,V. Stewart, 
consultant for the Cor'onaclo Copper & Zinc Co.. an<1 
lIwse maps wel'r a\'ailable to the writer. The remaining 
1).7] 0 feet of "'orkings were inaccessible, and geologic 
data on them are either inadequate or nonexistent. 

The study of the Afterthought mine is part of a larger 
project that includes studies of the entire East Shast.a 
alld West Shasta cOllper-zinc districts (fig. 1). Thc field 

work in the Afterthought mine area was begun in June 
1949 and discontinued in September of the same yea~. 
Critical areas in the mine were re-examined and new 
workings were mapped during November and December 
1950. E. , M. MacKevett assisted with the underground 
mapping, and operated the plane table during the 1949 
work, and J. F. Robertson assisted with various phases 
of the work during 1950. A. R. Kinkel, Jr., and W. E. 
Hall of the U: S. Geological Survey spent two days map­
ping in the mine during 1949. 

The writer wishes to acknowledge the many courtesies 
ahd fine cooperation extended by officials of the Coronado 
Copper & Zinc Co., especially by Messrs. M. G. Grant, 
R. W. Moore, Lyttleton Price, K. C. Richmond, B. W. 
Stewart, and Jack Widauf. The underground photographs 
that appear in this report were taken by M. G. Grant. 
Dr. James A. Noble of the California Institute of Tech­
nology kindly loaned the writer nine polished sections 
of the ore for study. 

HISTORY AND PRODUCTION 

The history of the Afterthought mine dates from about 
1862, when the Copper Hill claim was staked (Frank and 
Chappell, 1881, pp. 23-25). Apparently very little work 
was done on the claim until 1873, when H. M. Peck bought 
the property. Peck and his employees at first carried 
sacks of ore on their backs to the top of the hill, where 
it was loaded on wagons and hauled to Stockton. At 
Stockton it was transferred to ships that carried it to 
Baltimore, Maryland, and to Swansea, Wales. 

About 1875 Peek erected a reverberatory furnace and 
attempted to smelt the ore. This venture was not success­
ful, and in 1903 he sold the property to the Great Western 
Gold Co. 

The erection of a 250-ton blast furnace in 1905 resulted 
in the first successful reduction of the ore at the property. 
Between 1905 and 1927 several different companies oper­
ated the mine for short periods, and several different 
methods of extracting the metals from the ore were used. 
Although the ore carries a high percentage of zinc and 
considerable lead, only copper, gold, and silver were re­
covered from the ore prior to 1925. 

FIGURE 2. Afterthought mine plant from U. S. Highway 299 E. 
Little Cow Creek in foreground. . 
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later were partly altered to covellite. In general, chalcopy­
rite is some,,'hat more abundant in ore bodies that have 
replaced soda rhyolite than in ore bodies that ha"e re­
placed shale. 

Bornite appears in polished section as small veinlets 
and as small, irregular patches in sphalerite. It commonly 
shows mutual boundary relationships with chalcopyrite, 
but one pOlished section shows numerous islands of chal­
copyrite in a sea of bornite. Bornite seems to be a minor 
constituent of sulfide bodies at all levels in the mine, and 
on the upper levels it is partly altered to supergene covel­
lite and chalcocite. 

Tetrahedrite is closely associated with galena. In pol­
ished section, it appears typically admixed with galena 
as irregular patches interstitial to sphalerite, but in a 
few places small areas of tetrahedrite occur without 
I!alena. Less commonly tetrahedrite is interstitial to pyrite. 
Tetrahedrite shows mutual boundary relationships with 
galena; but where the two minerals occur as admixed 
areas in sphalerite the tetrahedrite most commonly oc­
cupies sheltered embayments or coves along the irregular 
boundary of the area. 

Galena is interstitial to pyrite. sphalerite, and chal­
copyrite, but shows mutual boundary relationships with 
bornite and tetrahedrite. It also appears in polished sec­
tion as irregular, alined patches in sphalerite and chal­
copyrite. These patches of galena commonly coalesce, 
giving the sulfide a banded appearance. 

Luzonite, a pink variety of enargite, was identified in 
a polished section of ore from the 122 stope. It is a rare 
constituent of the ore and appears as anhedral grains in 
chalcopyrite. 

Covellite occurs in the upper ore bodies of the mine 
as an alteration of bornite. As seen in polished section, 
it characteristically penetrates bornite along fractures 
and grllin boundaries. Covellite is not an abundant min­
eral and has not been seen as an alteration product of 
chalcopyrite. 

Chalcocite is rare, but it is intimately associated with 
covellite in a few specimens. It seems to be most abundant 
near the southeast end of the 120 ore body. Covellite and 
chalc.ocite, alon~ with azurite, malachite, and limonite, 
are supergene minerals. 

Gangue Minerals 

Gangue minerals, mainly calcite, quartz, and barite, 
are intimately mixed with sulfide · minerals. In polished 
section the gangue minerals commonlv appear as large 
areas enclosing euhedral g-rains of pyrite or small irregu­
lar patches of the other sulfide minerals; less commonly 
they appear as irregular patches in a sea of sphalerite 
or chalcopyrite. The writer believes that the barite, calcite, 
and part of the quartz were introduced, whereas the rest 
of the quartz is probably residual. 

Q11artz and Calcite Veins. In the Afterthou/!ht mine 
calcite and quartz commonly occur as numerous small 
veins. Quartz and calcite occur together and appear to 
be intergrown in most of the veins. Admixed calcite and 
quartz, in veins as much as a foot wide, are common along 
fault contacts between soda rhyolite and shale. Less com­
mon are veins of pure calcite in shale, or pure quartz in 
soda rhyolite. 

The veins are small fissure-type veins that range from 
a fraction of an inch to more than a foot in. thickness. 

Most of the veins strike northwest and clip steeply either 
northeast or southwest. but a few nearly horizontal "ein­
lets are present in sulfide and in highly fractured zones. 

The veins were formed during and after the deposition 
of the sulfides, and probably the fractures along which 
the veins formed also served as channels for sulfide-bear­
ing solutions. The 420 ore body, for example, fades into 

. a network of quartz-calcite veinlets in shale at its north­
west end. Similarly, the 412 sulfide bodies are lenses of 
sul£de that replace shale along the hanging wall of a 
fracture filled with intergrown quartz and calcite. The 
calcite-quartz vein itself continues for scores of feet be­
yond the 412 sulfide lenses but gives no other indication 
of its close association with sulfide. Similar relationsbips 
between unimportant-looking quartz-calcite veins and 
small sulfide lenses are seen at other places in the mine. 

Barite. Barite is closely associated with sulfide min­
erals in several of the Afterthought ore bodies. Although 
its distribution is spotty, it seems to be generally more 
abundant in ore bodies above the 200 level. According to 
Brown (1916, pp. 760-761) the average ore, evidently 
from the Copper Hill No.1 ore body, contained 7.4 per­
cent barite. This is in agreement with a statement by 
Diller (1904, p. 176) that the ore contains less than 5 per­
cent gangue, most· of which is barite. 

In a brief examination of polished sections of ore from 
the upper level the writer has noted barite, along with 
quartz, calcite, and unreplaced rock. Barite may also occur 
in :minor amounts at lower levels, but information is 
inadequate. 

The paragenesis of minerals associated with the ore 
deposits is given in table 1. 

Oxidation and Supergene Enrichment 

The oxidized zone is very shallow, and supergene en­
richment of the sulfide ore bodies has been insignificant. 
Sulfide ore in the Afterthought shear zone is capped by 
only 2 feet of gossan, and the Copper Hill No.1 sulfide 
body, where now exposed in the open cut, could not have 
had more than 3 or 4 feet of gossan capping. Minor 
amounts of azurite and malachite, in addition to limonite, 
are found in the surface zone of oxidation. According 
to Brown (1916, p. 761) the oxidized ores of the Copper 
Hill lode were very rich in gold, and were mined for their 
gold content alone during the early ' days. Apparently 
the workings from which the gold was mined consisted 
only of surface pits and trenches. 

Supergene sulfide minerals include covellite, chalcocite, 
and secondary ( ?) chalcopyrite. These minerals occur as 
deep as the 420 stope, but in such minor amounts that 
they do not perceptibly increase the grade of the ore. The 
supergene sulfide minerals were most abundant in the 
west end of the 120 stope and near the east end of the 
122 stope. 

Genesis of the Sulfide Bodies 

The sulfide bodies at the Afterthought mine were 
formed after the period of orogeny in late Jurassic time 
and before the deposition of late Cretaceous sedimentary 
rocks. The mineral assemblage is characteristic of the 
mesothermal class of mineral deposits, and from this as­
semblage the writer concludes that the ore bodies were 
formed at moderate depth, probably 1 to !3 miles. Pre­
sumably, hydrothermal solutions emanated from a parent 
magma somewhere -below; but the nature of the mag'ma, 
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T~ble 1. Paragenesis of epigenetic minerals at the Afterthought mine. 

(Dash lines indicate that few or no data on age relationship are 
available. ) 

Rock-alteration 
s tage 

Kaolin 

HYFo.GENE 

Sulfide-replacement and 
vein-forming state 

Cryptocrystalline quartz 

Calcite 

Montmorillonite and nontronite 

Radial quartz and veins of milky quartz 

Pyrite 

Barite 

Sphalerite 

Luzonite ------

Chalcopyrite 

Bornite 
~~--------

Tetrahedrite 

Galena -------------------
Calcite-quartz veins 

SUPERGENE 

Covellite 

Chalcocite 

Secondary 
chalcopyrite 

Azurite 

Malachite 

Limonite 
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The Coronado Copper & Zinc Co. purchased the After­
thought property in 1946, and after new ore bodies had 
been located by exploratory drilling, the company con­
structed a 100-ton selective flotation plant. Mining was 
started in October 1948 and continued until July 1949, 
when the operation was stopped owing to a drop in the 
price of metals. In July 1950 the mine was reopened, and 
w.as operated continuously until August 1952. The crude 
sulfide ore is ground to 94 percent minus 200 mesh, and 
two concentrates are made by selective flotation. One, a 
copper-lead concentrate, is shipped to a smelter at Tooele, 
Utah; the other, a zinc concentrate, is shipped to a smel­
ter at Great Falls, Montana. 

Accurate records of the production of the Afterthought 
mine extend back to 1905. Between 1905 and January 31, 
1951, the mine produced 158,525 tons of crude sulfide ore 
that assayed an average of about 16 percent zinc, 2.7 per­
cent copper, 2 percent lead, 5.0 ounces of silver, and 0.04 
ounce of gold. 

Following is a summary of highlights in the history of 
the Afterthought mine: 

1862: The Copper Hill claim was staked. 
1873: H. M. Peck bought the property for $6,000 and 

named it the Peck mine. 
1875: First local attempt was made to treat the sulfide 

ore by direct smelting in a reverberatory furnace (Tucker, 
1924. p. 425). 

1903: Great Western Gold Co. acquired the property 
and erected a 250-ton water-jacketed blast furnace, which 
operated successfully from 1905 to 1907 (Lindberg, 1919, 
p. 3). 

1909: Property w.as acquired by the Afterthought Cop­
per Co. (Tucker, "1924, p. 425). 

1918-1919: Afterthou/;!'ht Copper Co. used the Har­
wood process to reduce the ore. In this method the sulfide 
was first pre-roasted in a reverberatory furnace, and then 
treated by flotation (Averill, 1939, p. 174). This process 
was not successful (Lyttleton Price, company engineer, 
personal communication). 

1925: The California Zinc Co. acquired the property 
and erected an 8f-mile aerial cable tram to transport ore 
from the Afterthought mine to the Bully Hill mill for 
treatment (Averill, 1939, p. 174). This tram operated 
until 1927, when the mine was closed down. 

1946: Coronado Copper & Zinc Co. acquired the prop­
erty, and. diamond-drill holes totaling several thousand 
feet were put down. New ore bodies were found. 
. 1948: A 100-ton flotation plant was constructed and 
the mining of new ore bodies found during the 1946 dia­
mond-drilling program was b'egun. 

GENERAL GEOLOGY 

The Afterthought mine is in Triassic volcanic and 
sedimentary rocks that belong to two formations-the 

. Bully Hill rhyolite and the overlying Pit formation. The 
contact between the two formations, and the bedding in 
the Pit formation, strike about N. 45° W. and in general 
dip steeply northeast. The mine is located on the northeast 
flank of a large anticline whose axis appears to be almost 
horizontal. Most of the small folds in the mine area ap­
pear to be drag folds on the limb of this major structure. 
. Secondary cleavage strikes northwest and dips steeply 

southwest; it is not everywhere present. At many places 

throughout the East Shasta district the cleavage parallels 
the axial planes of minor folds. 

Numerous premineral faults and shear zones are found 
in the mine area and more than 90 percent of them strike 
northwest. No postmineral faults have been recognized, 
bnt one premineral fault may have a slight amount of 
postmineral movement. 

At least five main types of hydrothermally altered rocks 
occur in the mine area. Most conspicuous are the zones 
of carbonatized rock, or "lime rock," which in a few 
places ,are closely associated with sulfide bodies. Areas of 
silicified and pyritized rocks commonly occur as halos 
around sulfide bodies in the Bully Hill rhyolite. Sericite 
and several clay minerals are rather widespread. 

The highest hills in the vicinity of the Afterthought 
mine are capped by the Tuscan tuff, a Pliocene volcanic 
tuff breccia (Anderson, 1933, p. 223; Anderson and Rus­
sen, 1939, pp. 231-235) that rests unconformably upon 
the older rocks. The Tuscan tuff has little economic sig­
nificance except insofar as it masks the geology of the 
pot.entially ore-bearing older rocks. 

Triassic Rocks 
Bully Hill Rhyolite 

General Description. The Bully Hill rhyolite was 
named by Diller (1906, p. 8). Later Graton (1910, p. 82) 
concluded that these. rocks were intrusive alaskite and 
alaskite porphyry and discarded the geographic name 
"Bully Hill'"' as unnecessary. The writer, however, con­
siders these rocks largely extrusive soda rhyolite and soda 
rhyolite porphyry and is, therefore, here restoring the 
name "Bully Hill rhyolite " as a formal stratigraphic 
term. A full discussion of the origin of the Bully Hill 
rhyolite, including a description of the evidence leading 
to the conclusions summarized above, is beyond the scope 
of this report) but will be given in a future report on the 
East Shasta copper-zinc district. 

The formation name Bully Hill rhyolite is applied to 
a sequence of volcanic and intrusive rocks that are com­
posed principally of quartz and sodic plagioclase with 
little or no potash feldspar. The Bully Hill "rhyolite" is 
therefore not a normal rhyolite, but rather a soda rhyo­
li.te, or quartz keratophyre. The terms soda rhyolite, and 
soda rhyolite porphyry will be used in this report, except 
when the full formation name is used. 

The Bully Hill rhyolite crops out in the western part of 
the Afterthought mine area. It is a hard light-gray apha­
nitic rock that in some places contains quartz and feldspar 
phenocrysts. In some parts of the area the Bully Hill 
rhyolite is massive and has a weak cleavage; in other parts 
of the area it has a strong cleavage ; and in still other parts 
it is brecciated. These differences are due partly to original 
variations in the rock and partly to later chan/;!'es wrought 
by tectonic forces. The main types of Bully Hill rhyolite 
that occur within the limits of the Afterthought map area 
are described below. 

Soda Rhyolite. Approximately 70 percent of the Bully 
Hill rhyolite shown on plate 1 is a light-gray aphanitic 
rock without quartz or feldspar phenocrysts. Except 
where strongly sheared it is very hard, and it commonly 
breaks with a smooth conchoidal fracture. Company en­
gineers who have logged the core of diamond-drill holes 
that penetrated this soda rhyolite have described it as 
"hard water colored rhyolite." 
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FIGURE 3. Prismatic and brecciated Bully Hill 
rhyolite near the Afterthought mine. 

Thin sections show the soda rhyolite to be composed 
primarily of a fine feltlike mass of quartz and sodic plagio­
clase, with a few larger grains of albite as much as 0.1 mm 
in diameter. Most of the soda rhyolite is seen under the 
microscope to be somewhat altered to sericite and clay 
minerals, and the degree· of alteration is more or less pro­
portional to the intensity of shearing. 

Soda Rhyolite Porphyry. About 30 percent of the 
Bully Hill rhyolite in the Afterthought mine area has 
phenocrysts of quartz or feldspar in a light-gray apha­
nitic groundmass, and is mapped as soda rhyolite por­
phyry. The phenocrysts range in size from 1 to 4 mm and 
are irregularly distributed. In some areas the porphyry 
contains several phenocrysts per square inch of rock sur­
face, whereas in other areas it contains an average of only 
one or two phenocrysts per square foot of rock surface. 

Contacts between the soda rhyolite facies and the soda 
rhyolite porphyry facies are sharp in some places but more 
commonly they are gradational. Possibly those bodies of 
soda rhyolite porphyry whose contacts are sharply defined 
were separate flows or intrusions, whereas those with gra­
dational borders may have formed in the inner part of a 
thick body of silica-rich lava where the rate of cooling was 
slow enough to permit the growth of phenocrysts. 

P1'ismatic Structure. Small prismatic columns occur 
at many places in both the soda rhyolite and the soda 
rhyolite porphyry. Most columns are 1 to 2 inches in 
diameter and are four-, five-, or six-sided.. In some areas 
the columns are fairly straight, but in other areas they 
are crooked or irreg-ular. In some places the straight col­
umns .can be traced for a distance of 10 feet., but the 
crooked or irreg-ular columns commonly fade out or g-rac1e 
into a breccia within 2 or 3 feet. Most columns within a 
g-iven outcrop are oriented about the same dirpction, but 
in another outcrop only a few feet away the columns may 
be oriented in a different direction. Althongh thc pris­
matic structure is devploped in both the soda rhyolite and 
the soda rhyolite porphyry, the structure is most common 
in the uppermost part of the soda rhyolitp, within about 
200 feet of its contact with the overlying Pit sedimentary 

FIGURE 4. Banded sulfide ore overlain by pud.dinhead 
breccia in Copper Hill open cut. 

rocks. The prismatic structure is probably the result of 
contraction on cooling of the crystallizing rock. 

Breccias. Four main varieties of breccia are found in 
the Bully Hill rhyolite of the Afterthought mine area. 
One of these is consid,ered to be volcanic in origin, two 
others are probably both intrusive· and tectonic, and the 
fourth appears to be tectonic. These varieties are desig­
nated as: volcanic breccia, prismatic breccia, tectonic and 
volcanic puddinhead breccia, and tectonic breccia. 

The volcanic breccia is a coarse soda rhyolite breccia 
that consists of angular fragments of soda rhyolite as 
much as a foot in diameter, surrounded by soda rhyolite 
matrix. It crops out along Little Cow Creek in the south­
western part of the map area. The fragments are com­
monly closely packed and constitute the bulk of the rock. 
They are diversely oriented and are of two types of rock, 
flow-banded soda rhyolite and massive soda rhyolite. The 
banding in the fragments is evidently the result of a color 
variation, as no difference in grain size between the adja­
cent bands, or layers, is apparent in hand specimens. 

The boundaries of this breccia are in some places 
sharply defined, but in other places the breccia grades into 
large areas of unbrecciated soda rhyolite, either flow­
banded or massive. Although examination of outcrops of 
this breccia yielded no certain clue as to its origin, the 
writer interprets it as volcanic flow breccia. 

'],he prismatic breccia is seen at many places in the mine 
area as patches of soda rhyolite with prismatic structure. 
These patches form islands in a sea of brecciated soda 
rhyolite (fi~ . 3). The prismatic structure fades into brec­
cia, and many of the fragments in the breccia have the 
same size, cross-sectional outline, and composition as the 
adjacent columns. It seems obvious that this breccia 
formed when the small, brittle columns were broken up 
by-mechanical processes into a jumbled mass of fragments. 
The breaking- may have occurred while the soda rhyolite 
was being intruded, or later as a result of tectonic stres::l. 
The ·writer believes that most Bully Hill rhyolite with 
prismatic structure is intrusive bec~use in sO!;le parts of 
the mine it appears to cut across beds of the Pit formation. 

i 
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a roll in the structure similar to that which localized the 
420 ore body. The 122, 420, and AU 40 sulfide lenses all 
plunge southeast at a very low angle. 

The 120, 220, AS 6, and AU 5 ore bodies are localized 
in sedimentary rocks above soda rhyolite benches. These 
ore b04ies are not in contact with the soda rhyolite, but 
are commonly separated from it by several feet of rela­
tively barren sedimentary rock that dips into the benches. 
The soda rhyolite on the 200 and 300 levels, down dip 
from the 120, AS 6, and 220 ore bodies, is locally sheared, 
and the shear zones contain disseminations and stringers 
of pyrite and chalcopyrite. Thermal solutions probably 
asc€nded along these shear zones and into the easily acces­
sible beds of shale that dip into the soda rhyolite benches. 
Why sulfide bodies were formed when the solutions 
reached the shale is not evident. The chemical composition 
of the calcareous shale may have been an important fac­
tor, but a fold in the sedimentary rock about 75 feet above 
the 120 and AS 6 ore bodies may also have been influ­
ential. 

The AU 5 ore body is in sedimentary rock and lies in 
a crude synclinal strncture that plunges southeast at an 
angle of about 35°. Diamond-drill hole AU 44, located 60 
feet northwest of the AU 5 ore body, penetrated soda 
rhyolite at a relatively shallow depth, and from this infor­
mation the writer il'lfers that a gently dipping contact 
with soda rh:volite ma~T project into the area beneath the 
AU 5 ore body, 

The 412 sulfide lE'n::les are in shale along the hanging 
wall of a prpminpral fracture. The reason for the locali-
7.ation of the individual lenses of sulfide is not known. 

ThE' l;1rg-est bonv of sllifide in the Afterthought mine 
was thE' Copper Hill No.1 ore body. now mined out. This 
ore hod v apnE'ars to have had a len~th of about 400 feet. a 
wiflth of at IE'ast 12!'i fpet, and a maximum thickness of 35 
feet. The Copper Hill No.1 ore body, now exposed only 
in the glory hole and for a short distance on the 100 level, 
was in shale in the hanging-wall side of the Main fault 
near a soda rhyolite contact. It has a steep southwest 
dip that is essentially parallel to the dip of the contact 
and also parallel to bedding in the shale. The ore, where 
exposed in the glory hole, is banded parallel to bedding in 
the shale host rock (fig. 4). The bottom of the ore body 
is apparently a short distance above the 200 level where 
the ore zone intersects the Main fault. According to the 
writer's interpretation, sulfide solutions rose along the 
l\Iain fault, and in the vicinity of the soda rh:volite wedge 
they fed upward into bedded shale and sheared soda 
rhyolite. 'l'his is a structurally favorable area because the 
beds dip steeply southwest into the Main fault, and thus 
were easily accessible to the mineralizing solutions. 

'l'he Copper Hill No.2 ore body was also in the hanging 
wall of the Main fanlt and rE'placed a portion of the soda 
rhyolite WE'd~E'. Only the remnant of the top of this ore 
botly is now exposf'd ill the g-Iory hole; at tllis exposure 
it appears to be a \·el·Y pyritic sulfide body about 20 feet 
wide that '0111PS to a rathrr blunt top beneath two inter­
firrtillg- prpl11 illeral fracturrs. A polished section of t.he 
snlfidp ('0Ilrc1eci from tlir g-lory-hole exposure is composed 
of morr thall 85 perc('nt pyritE', less than 5 percent chfll­
(!oPYl'itr, aml about 10 percent gangue. A cross scction 
dl'awn by 1<'. ,V. Stewart in 1946 suggests that the area 
brlow the g-Iory-hole expofiure was stoped; if so, it must 
he as:mmed that a higher pcrcentage of chalcopyrite was 

present ill the stoped area. Hence, the pyrite seen in the 
Il:lory-hole exposure is here considered as part of a pyritic 
halo that surrounded a copper ore body. The highly pyri­
tized soda rhyolite in the hanging wall of the Main fault 
on the old 100 le\'el may be part of the same pyritic halo. 
The small lens of sulfide exposed in the No.7 adit is in 
the hanging- wall of the Main fault and has a structural 
environment similar to that of the Copper Hill No.2 ore 
body. 

Mineralogy and Paragenesis 

The primary sulfide minerals composing the ore bodies 
of the Afterthought mine are, in approximate order of 
decreasing abundance, sphalerite, pyrite, chalcopyrite, 
galena, tetrahedrite, bornite, and luzonite. Gangue min­
erals are calcite, quartz, and barite; supergene minerals 
are covellite, chalcocite, chalcopyrite ( 1), azurite, mala­
chite, and limonite. 

The pyrite is in the form of cubes, pyritohedrons, and 
anhedral grains that range in size from 0.05 mm to 5.0 
mm. Where the mineral is abundant, as it commonly is 
in and near ore bodies that replace soda rhyolite, the 
individual grains may be so closely packed that in polished 
section they appear as large patches of solid pyrite. On 
the other hand, pyrite in high-grade banded zinc ore 
appears in polished sections as sparse, small grains in large 
areas of sphalerite, or as very small grains that are grouped 
tog-ether, with much interstitial material, to form pyrite­
rich layers. Pyrite also occurs as disseminated grains 
scattered through large areas of soda rhyolite, and as 
/!ranular layers a fraction of an inch thick that parallel 
the bpddin~ in shale. The pyrite is commonly strongly 
corroded by sphalerite, but is not much replaced by 
ch alcopyri teo 

The sphalerite is dark g-ray and probably rather high 
in iron. In polished section it appears as large patches that 
inrlnde both idiomorphic and irregular areas of all other 
sulfide minerals. Sphalerite has commonly replaced pyrite; 
and in some polished sections it has a mottled appearance, 
owing to the presence of numerous small, rounded, crudely 
alined blebs of chalcopyrite. Such blebs of chalcopyrite 
are interpreted as exsolution bodies formed by the unmix­
ing of a solid solution of sphalerite and chalcopyrite. 
Mnch of the banded sulfide ore in polished section shows 
sphalerite to contain very numerous, rather small, irreg-­
ular, elongated patches of galena, or tetrahedrite, or both 
minerals tog-ether. These patches are all elongated in the 
same direction, and are largely responsible for the finely 
banded appearance of the ore. In a few places sphalerite 
appears in polished section as islands in a sea of galena, 
but this relationship is not common because sphalerite is 
generally much more abundant than galena. 

Chalcopyrite appears in polished section as interstitial 
filling'S around pyrite grains; as irregular patches in 
sphalerite; as large areas with islands of both pyrite a nrl 
!'phaleritp; as small exsolution bodies in sphaleritr; as 
small patehes in bornite; and, rarely, as discontinnou::I 
srpta between galena and sphalerite. Chalcopyrite also 
occurs as small disseminated g-rains in gangue and in soda 
rh.\'olite . TlI one polished section of ore from the 220 stopr, 
('halcopyritc appears as blades ill bornite an(l is closel.\' 
associatpd with co\'cllite. 'l'he writer is not crrtain ",heth(,1" 
t.h is is supergene chalcopyri tc or whether it indicates an 
cxsolntion intergrowth of ehaleopyrite and bornite that 
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Structural Control of the Ore Bodies 

Four structural features have played important parts 
in the localization of ore bodies at the Afterthought mine. 
They are shear zones in the Bully Hill rhyolite that dip 
southwest; t.he irregular benchlike contact between the 
Bully Hill rhyolite and the Pit formation; the Main fault 
and the 412 fault; and drag folds in the sedimentary 
rocks and bows, or convexities, in steep fault contacts 
between soda rhyolite and shale. 

The ore bodies below the 400 level are in sheared and 
fractured zones in the soda rhyolite. These shear zones 
strike northwest and dip southwest; the overlying shale 
contact and the Main fault strike northwest but dip north­
east, and thus intersect and offset the shear zones. The 
ore bodies are below these intersections. The lower part 
of the 450 ore body is a replacement of soda rhyolite, 
whereas the upper part appears to be a replacement of 
shale. The southeast end of the 450 ore body is controlled 
by a fold in the overlying shale that plunges about 40° 
SE., and the. top of the 450 ore body at its northwest end 
is bounded by the Main fault. The unusually high grade 
of the 450 sulfide body may be a result of concentration 
of the mineralizing solutions in that area, caused by the 
two overlying structures. 

The Afterthought open-cut sulfide lens is in a soda 
rhyolite shear zone 'similar to the shear zones found below 
the 400 level. Both the shear zone and the sulfide lens end 
beneath the Northeast fault, and it is thought that the 
fault was a rather impervious wall which deterred the 
rising thermal solutions sufficiently to cause them to react 
with and replace the underlying sheared and fractured 
soda rhyolite. The No.2 adit and the 400 southeast drift 
explored lower parts of the Afterthought shear zone, but 
the records do not show whether or not sulfide was en­
countered. A lenticular body of shale bounded by faults 
was found in the No.2 adit, and it is possible that a body 
of sulfide was localized in this shale below the level of the 
No.2 adit. 

Sample 
number 

1 ...... _._ .... _ ... _. 

2 ... _------------
3 .. _ .. ___ ._._ 
4 . ___ .... _ .. ___ 

5 ... _ .... ... _____ 
6 __ .... ________ .. 
7 .... ___ ._ .. _ .. _ 
8 . ____ . _____ .• 

9 ._ ..... _ ...... 

10 -----------
11 ..... __ ._._ ... 
12 .... _. __ ... _ 
13 , ..... _. ___ 

14 .............. ___ .. 
15 ..... __ .. _ .. _. 
16 .... . _ ..... __ 

17 ..... . _ .......... 
18 ........... __ ...... 

19 ................. ... 
20 .................... 
21 ..................... 
22 ._ .............. _. 
23 .................... 
24 .... _ .... _ ...... 

25 .................... 
26 ...... _ .......... _. 

27 .................... 
28 ._ ................. 
29 ._ ................. 
30 ......... _ ...... _ 

Horizontal 
width 

9.6' 

4.~' 

5.4' 
3.7' 
4.6' 
6.0' 
8.1' 
8.1' 

6.0' 
6.0' 
6.0' 
6.0' 
7.0' 
4.7' 
3.8' 
5.1 ' 
6.4' 
6.4' 
6.0' 
6.1' 
6.2' 
6.7' 
7.0' 
7.0' 
7.0' 
2.7' 
4.0' 
3.0' 
4.8' 
6.8' 

Data furnished by the 

% 
In. 

14.0 
28.0 
32.2 
19.6 
4.6 
1.6 
1.8 
1.2 
7.7 

20.0 
3.5 
OJ 

20.5 
10.1 
8.4 

15.3 
35.1 
27.0 
14.6 
22.7 
28.2 
19.2 
30.7 
31.2 
31.2 
10.0 
27.0 
25.3 
25.0 
22.5 

Coronado Copper and Zinc Company 

% % Oz. Oz. 
(u. Pb. Au. Ag. 

1.68 1.1 0.05 4.0 
3.50 3.8 0.04 5.4 
2.27 1.9 0.04 7.0 
1.55 3.0 0.04 6.2 
2.82 2.4 0.04 5.2 
2.54 0.8 0.02 7.6 
1.11 0.6 0.01 0.8 
2.58 0.3 0.02 4.4 
2.30 0.2 0.02 9.7 
3.25 2.4 0.04 7.7 

6.72 4.0 0.01 40.2 
5.73 1.3 0.03 12.4 
5.80 2.2 0.13 13.6 
3.15 0.7 0.04 6.2 
140 0.5 0.06 9.6 
3.28 2.0 0.08 6.6 
1.10 5.8 0.08 5.5 
0.95 4.9 0.03 4.4 
1.68 2.4 0.08 5.6 
2.46 1.1 0.08 7.0 

1.30 2.3 0.05 5.5 
5.60 1.5 0.04 7.2 

11 .03 4.5 0.06 11.9 

3.58 5.0 0.07 13.7 

3.80 1.9 0.08 13.9 
0.55 0.6 0.03 1.6 
2.46 2.6 0.06 7.4 
3.30 6.6 0.06 18.0 

2.70 3.3 0.06 19.8 
2.05 4.3 0.06 14.4 The 420, AU 40, and 122 ore bodies are rather narrow 

lenticular replacement bodies localized along irregular, 
steep fault contacts between soda rhyolite and shale. The 
sulfide formed mainly as a replacement of sheared and 
broken shale, but the soda rhyolite and the discontinuous 
screen of lime rock between the shale and the soda rhyolite 
was replaced to some extent by sulfide stringers and dis­
seminations. The dip of the fault c'ontact between shale 
and soda rhyolite makes a roll at several places, from 
northe.ast to southwest and back again; the sulfide bodies 
occur ll1 places where this contact is convex to the south­
west and soda rhyolite overhangs shale. In such areas the 
shale was apparently more fractured and therefore more 
easily accessible to mineralizing solutions. In places where 
the contact is COlwex to the northeast a laver of mixed 
calcite and quartz, or, rarely, a thin bal~d of ;ulfide, marks 
out the mineralized zone. The top of the 420 ore body is 
controlled in part by drag-folded beds in the sedimentary 
rocks (fig. 8). The 122 sulfide body is localized along a 
steep, southwest-dipping fault contact between soda rhyo­
litc and shale, but seyeral feet below it is a soda rhyoiite 
hench. The shale beds are much broken and sheared and 
dip into the soda rhyolite bench. 'fhc top of the 122 orPo 
body may be partly controlled by drag-folded beds at thPo 
llorthwest end. The AU 40 sulfide lens is localized along 

4CP~E-3==C=~E-3~°c=======~4P~=======38p.FEET 
FIGURE 9. Assay map of the 220 ore body. 
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Puddinhead breccia is a local term applied by miners to 
rock that consists of angular to sub-rounded soda rhyolite 
fragments in a matrL.'C of dark-gray to black, soft, com­
monly slickensided argillaceous material (fig. 4). Many of 
the soda rhyolite fragments have the same size and cross­
sectional outline as prismatic columns in nearby areas, 
and they seem to be fragments of columns. 

A thin section of the shaly matrix of the puddinhead 
breccia shows that its dark color results from the presence 
of a considerable amount of carbonaceous material. Other 
constituents of the matrix are quartz and clay minerals. 
The writer concludes that the matrix is sheared mudstone. 

The puddinhead breccia is distributed irregl,llarly and 
occurs only in areas very near, but not alwavs adjacent 
to, shale of the Pit formation. Its contacts with the shale 
are commonly sbarp; and appear to be faults of small 
displacement. Observed contacts between puddinhead 
breccia and massive soda rhyolite also are faults, but 
contacts with prismatic breccia are commonly gra­
dational. 

The largest observed body of puddinhead breccia is. on 
the 400 level a short distance northeast of the No. 1 
shaft. Here it has an outcrop width of 40 feet and a strike 
length of at least 140 fPoet. Other areas of puddinhead 
breccia occur on the surface in the glory hole and on the 
300 level near the No. 1 shaft. 

The tectonic breccia occUrs north of the mine buildings 
(pI. 1) ; it consists of sparse fragments of hard massive 
soda rhyolite in a matrix of softer sheared soda rhyolite. 
. The fragments are ' subrounded and slightly elongate 
and average less than an inch in diameter. They are some­
what lighter in color than the sheared matrix and there­
fore stand out in rather ~harp contrast to it; except for 
the lack of platy minerals in the fragments, there is no 
difference in composition between fragments and matrix. 
The platy structure of the matrix fades into the frag­
ments; it does not wrap around them. Observed contacts 
between this type of breccia and the unbrecciated rocks 
around it are gradational. Brecciated zones cross contacts 
between soda rhyolite and soda rhyolite porphyry. 

Origin of the BuUy Hill Rhyolite. The origin of the 
Bully Hill rhyolite, like the origin of the Balaklala rhyo­
lite in the West Shasta copper-zinc district, has long 
been a subject of controversy. Diller (1906, p. 8) described 
the Bully Hill rhyolite as a series of flows alternating 
with tuffs that q.ip beneath shale of the Pit formation; 
but he also states that it locally cuts the shale and en­
velopes its fragments. Fairbanks (1892, p. 32) likewise 
had noted' the tuffaceous character of the rhyolite, and 
evidently he also considered it to be mainly extrusive. 

Graton (1910, p. 82), after larger-scale stUdies, con~ 
cluded that the "Bully Hill rhyolite" was intrusive 
into the surrounding rocks, and he renamed if" alaskite" 
and "alaskite porphyry." Most geologists who have 
worked in the area since Graton have followed his views 
(Boyle, 1915, p. 69; Hinds, 1933, p. 107; Stewart, 1946; 
Wisser, 1946) . 

The writer believes that most of the Bully Hill rhyolite 
originated as an accumulation of siliceous volcanic rocks 
extruded into the sea immediately prior to the deposition 
of the Pit formation. Moreover, the numerous beds of 
rhyolitic tuff interbedded with shale of the Pit formation 
are evidence that volcanism continued during Pit time. 

Associated with the various extrusive facies of the 
Bully Hill rhyolite are several intrusive bodies, one of 
which is the prismatic soda rhyolite that intrudes the 
lower part of the Pit formation in the Afterthought mine 
area. The presence of these intrusive bodies does not in­
validate the extrusive origin thesis proposed above, be­
cause feeder dikes, sills, and other intrusive forms are to 
be found in almost all volcanic areas. The local intrul'ions 
of soda rhyolite that occur in the lower part of the Pit 
formation are here regarded as shallow intrusive mani­
festations of the volcanic activity that continued while 
Pit sediml'nts were burying most 'of the old volcanic field 
(pl. 5, secs. AA' and BB'). 

Age and Thickness. The Bully Hill rhyolite has 
yielded no fossils, but from its relationships with adiacent 
rocks it is considered to be middle or late Triassic in age. 

The thickness of the Bully Hill rhyolite in the After­
thought mine area is probably about 1,100 feet. This 
thickness is deduced from exposures about half a mile 
southeast of the Afterthought mine where the Bully Hill 
rhyolite lies with apparent conformity between the older 
Dekkas andesite and the younger Pit formation. Both 
contacts dip northeast at a steep angle, and the thickness 
of the intervening soda: rhyolite is approximately 1,100 
feet. 
Pit Formation 

General Description. The shales and tuffs that crop 
out in the northeast portion of the Afterthought map 
area belong to the Pit formation. The formation was first 
described by Smith (1894, p. 592), who called it the Pitt 
shales. Later, Diller (1906, p. 4) renamed it the Pit 
formation, and described it as being composed largely of 
dark-gray shale, thin-bedded sandstone, and many layers 
of tuff, and conformably underlying the Hosselkus lime­
stone on the east and overlying the andesites and rhyo­
lites of the volcanic belt on the west. 

The writer is in agreement with Diller's statement, 
and would add that the tuff layers are especially abundant 
in the lower 500 feet of the Pit formation. It is this 
tuffaceous lower part that crops out in the Afterthought 
mine area; tuff underlies a considerably larger part of 
the mapped area than shale, mudstone, and siltstone 
(hereafter grouped as shale for convenience) (pI. 1). 

Shale. The shale of the Pit formation is medium gray 
to black and in the Afterthought mine area it is indis­
tinctly bedded. It effervesces slightly in dilute hydro­
chloric acid. It commonly has a prominent secondary 
cleavage that in some places parallels bedding but more 
commonly does not. Under the microscope the shale is 
seen to consist predominantly of very fine-grained quartz 
and kaolin, with dark-gray to black carbonaceous mate­
rial, and a few angular grains of .detrital quartz 0.1 mm 
and less in diameter. Calcite and clay minerals are present 
as alteration products. The shale was especially hospitable 
to mineralizing solutions, as shown by the fact that most 
of the ore bodies in the Afterthought mine are replace­
ments of shale. 

Tuff. More than half of the Pit formation underlying 
the Afterthought mine 'area is tuff. The tuff occurs as beds 
interlayered with shale, and commonly the individual beds 
of tuff differ slightly from one another in color, grain 
size, and composition. The most common variety of tuff is 
light gray and poorly bedded, and consists mainly of fine 
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chlorite, crystals of quartz and feldspar, and small rock 
fragments, generally less than half an inch in diameter. 
Some of the tuff beds contain shale fra!!IIlents up to a 
foot long. The tuff in a few of the beds is well layered, 
sand:v or gritty looking, and is composed almost entirely 
of broken crystals and small particles of rock. 

Most of the tuff in the Pit formation is of rhyolitic com­
position; but a relatively small percentage is dark gray or 
brown , does not contain quartz crystals, and is probably 
close to ~ndesite in composition. The best exposures of tuff 
occur llear the northern edge of the napped area, along the 
road to the Donkey mine. 

I n thin section the rhyolite tuffs are seen to consist. of 
. broken fragments aud whole crystals of quartz and plagio­
clase in a cryptocrystalline groundmass of fine chlorite 
and calcite. In some thin sections the ghostlike outlines of 
probable glass fragments can be seen, but the rock is so 
altered that precise identification of these fragments is 
not possible. 

Age and Thickness. The Pit formation was indicated 
to be of Middle and Late Triassic age by J. P. Smith 
(1914, p. 4). The age assignment was based on fossils 
collected from the upper part of the formation. 

A thickness of about 2,000 feet was assigned to the 
Pit formation by Diller (1906, p. 4). A thickness of about 
500 feet is exposed in the Afterthought mine area. 

Tertiary Volcanic Rocks 
Tuscan Tuff 

The top of the ridge that lies at the eastern edge of the 
Afterthought mine area is covered by the Tuscan tuff, a 
tuff breccia of Pliocene age, capped in some places by 
flows of basalt. The Tuscan tuff is an extensive formation 
that crops out along the eastern side of the Sacramento 
River valley. It has been well described by Anderson 
(1933) and Anderson and Russell (1939), who studied it 
on a regional scale. 

Talus and Rock Mantle 

The bedrock geology in the Afterthought mine ar~a is 
masked by a thin cover of talus and soil On many hillslopes. 
The presence of this material makes correlation of geology 
between outcrops difficult, especially in the eastern part of 
the map area, where the underlying rock consists of folded 
lenticular beds of shale and tuff. 

ROCK ALTERATION 

Four alteration processes have affected the rocks in the 
Afterthought mine area. The processes are carbonatiza­
tion sericitization, pyritization, and silicification. Pyritiza: 
tion, silicification, and carbonatization appear to be 
genetically related to the sulfide mineralization, whereas 
sericitization apparently occurred at a somewhat earlier 
clate. 

Cal'bonatization. Several tuffaceous layers of the Pit 
. formation and small masses in the Bully Hill rhyolite 

have been carbonatized, and the resulting calcareous rock 
is known locally as lime rock. On the surface the lime 
rock derived from tuff forms bold, dirty-gray outcrops, 
and it contains rather coarse calcite crystals that have 
incompletely replaced the various constituents of the 
tuffaceous host rock. The amount of calcite in the rock 
is extremely variable, and every gradation from slightly 

carbonatized tuff to rock composed of more than 90 per­
cent calcite can be found. The lime rock occurs in elongate 
zones that generally parallel the bed'ding; some of the 
zones are as much as 100 feet wide and several hundred 
feet long. 

Smaller zones of lime rock are found between sulfide 
ore bodies and soda rhyolite wall rock; in such places the 
calcite seems to have replaced soda rhyolite, and although 
these zones are generally much more limited in extent 
than the zones of carbonatized tuff, they are probably 
more important as indicators of ore. 

Thin sections of the lime rock show that the calcite 
occurs as subhe.dral grains 1 to 5 mm in diameter and 
as irregular patches as much as several centimeters in 
diameter. Calcite replaces all the principal constituents 
of the rock-quartz, k!lolin, and feldspar-apparently 
without regard for mineral boundaries. It has been re­
placed in turn by later quartz and pyrite, and veinlets 
of clay minerals cut across grains of calcite. 

Sericitization. Almost all rocks in the mine area have 
been slightly sericitized, and where the rocks are strongly 
sheared this type of alteration is prominent. The sericitic 
alteration is not restricted to the mineralized areas. 

Pyritization and Silicification. The Bully Hill rhyo­
lite has been pyritized and silicified along some shear 
zones and in a few areas where the rock is broken and 
brecciated. The pyritized areas are somewhat more ex­
tensive than the silicified areas, but the two are closely 
related. The pyrite occurs as separate subhedral crystals 
that are commonly arranged in layers or bands parallel 
to the cleavage in the rhyolite. In silicified rock the quartz 
occurs as radial growths that fan out from a center of 
granular quartz, or from a pyrite crystal, like spokes 
from the hub of a wheeL 

Copper-zinc ore bodies that occur in the soda rhyolite, 
principally those bodies below the 500 level, are sur­
rounded by a halo of heavily pyritized rock a few feet 
to a few tens of feet thick. The weakly pyritized and 
silicified soda rhyolite on the 200 and 300 levels is in a 
shear zone located down dip from the 120, 122, and 220 
ore bodies, and this zone may be a channel along which the 
sulfide-bearing solutions traveled. . 

STRUCTURE 

Secondary Cleavage 

Secondary cleavage, as distinguished from parting 
along bedding planes, is present in both the Bully Hill 
rhyolite and the Pit formation, but it is riot equally de­
veloped in all places. Most commonly it consists of 
approximately parallel cleavage planes spaced a few 
millimeters or a few tenths of a millimeter apart, with 
platy minerals developed along the cleavage plane. In 
some zones the cleavage planes are so closely spaced and 
platy minerals, principally sericite, are so abundant that 
the rock has been called a schist. Contrasted with these 
strongly sheared zones are large areas where the rocks 
have only an incipient cleavage, or no cleavage at all. 
Every gradation between the two extremes can be found 
in the Afterthought mine area. 

The cleavage strikes northwest and dips an average of 
about 70° SW. It is parallel to the axial planes of minor 
folds in a few places in the mine area and in many places 
throughout the East Shasta district. In general, cleavage 

.. 
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1110, host rock. Locally the edges of sulfide bodies replaced 
folded shale beels and are partly (·.ontrolled by them. In 
snch places the bll11Cling in the slllfidc is concordant with 
the shape of the folded beds, and small drag folds may bc 
traceable in the sulfide for sevfH'al inc:hes inward from 
the shale contact (fig. 8). 'Examples of this kind of band­
ing were seen near both {'nds of the 420 ore body, and 
at the southeast end of the 450 ore body. 

Large horses of unreplacnd shale in the sulfide bodies 
are not common, but thin septa of unreplaced shale are 
present at many places along the walls of sulfide bodies. 
Commonl,\' these septa are only a fract.ion of an ineh thirk, 
whereas the intervening layers of banded sulfide 1Ia\'p a 
thickn{'ss several times as great. Because of thei I' ('Oll­

tinuity and the absel1c(~ of disseminated sulfide minerals, 
these margilHil shale septa are easily mistaken for the true 
wall of an ore body. 

Contacts between sulfide and soda rhyolite host rock 
in many places have the same types of irrrgularities as 
contacts between sulfide and shale deseribeo above, but 
they are more commonly gradational than sharp. Also, 
the banding in sulfide that replaces soda rhyolite parallels 
cleavage rather than brdding; and in a few places where 
the host soda rhyolite is weakly sheared the massive sul­
fide is not banded. 

'Where closely spaced stringers or disseminations of 
sulfides have replaced sheared soda rhyolite or shale the 
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J,'WI: R1'; 7. Ph010~1'8ph I'how'ing interfingering relationship between 
~l1lfide and sbale at the northwest end of the 120 stope. 
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FIGURE 8. Sketch showing the top of the 420 ore body near its 
northwest end where it is controlled by drag-folded beds. 

deposits are commonly not rich enough to be considered 
as ore. This type of sulfide deposit is most commonly 
found in sheared soda rhyolite, and intersections of these 
mineralized shear zones with shale contacts are favorable 
places to look for massive sulfide ore. Some zones of closely 
spaced sulfide stringers in shale or in lime rock have an 
average grade high enough to make them minable, and in 
some places these zones pass into bodies of massive ore 
within a short distance along strike. 

The average assay of all ore mined up to January 31, 
1951, was approximately 16 percent zinc, 2.7 percent cop­
per, 2 percent lead, 5.0 ounces of silver, and 0.04 ounce of 
gold. This average represents the over-all grade of ore 
mined from about 13 separate ore bodies. The grade of the 
120, 122, 220, and 420 ore bodies approximated this aver­
age, but the grade of the 450 ore body was much higher, 
whereas the grade of ore bodies in shear zones in soda 
rhyolite was lower. Furthermore, the grade of ore within 
each sulfide body is not uniform. As a general rule the 
richest ore is near the center of the sulfide lenses and the 
poorest is near the edges, but the type of rock replaced is 
also a controlling factor. For example, the zinc content 
of ore that has replaced shale is almost always higher than 
t.he zinc content of ore that has replaced soda rhyolite, 
but thtl copper content is about the same in both. Figure 
!), an assay map of the 220 ore body, illustrates the cha.nges 
in grade that are common within ore bodies of the Af~er­
thought mine. The sulfide has replaced shale except near 
t.he southwest corner of the ore body, where partly car­
bonatized soda rhyolite was the host rock. The assays of 
zinc are lower in samples 6, 7, 8, and 9 than in samples 
3 and 4 taken near the middle of the stope, but the assays 
of copper are not significantly different. Sulfide repre­
sented by samples 6, 7, 8, and 9 replaced soda rhyolite 
and lime rock, whereas sulfide reprcsented by all other 
samples replaced shale and lime rock. 
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The metasomatic origin of the sulfide deposits is indi­
cated by banding in the ore that parallels bedding where 
shale is the host rock and parallels cleavage where soda 
rhyolite is the host rock; by preservation in the banded 
ore of drag.folds and monoclinal flexures inherited from 
the host rock; by the presence of residuals of unreplaced 
shale within ore bodies-the bedding shows that these 
shale residuals are oriented parallel to each other and 
parallel to bedding in shale adjacent to the ore bodies; 
by interfingering, or sawtooth relationship of sulfide and 
shale at the top, bottom, and ends of ore bodies; by grada­
tional contacts between some ore bodies and country rocks, 
chiefly soda rhyolite; and by the presence of disseminated 
sulfide minerals in altered soda rhyolite and in lime rock. 

Outlines of most of. the 15 knmvn ore bodies in the 
Afterthought mine are shown in plan on plates 1, 3, 4, 
and 6 and in section on plates 5 and 6 and in figure 5. 

. For convenience, all the ore bodies have been given a 
name or a number. The Afterthought, Copper Hill No.2, 
600, 700a, and 700b, and 800 ore bodies occur in soda 
rhyolite; whereas the Copper Hill No.1, 120, 122, AS 6, 
220, 412, 420, 450, AU 5, and AU 40 ore bodies occur in 
shale or along the contact between soda rhyolite and shale. 
If ore bodies existed in the Main fault zone between the 
200 and the 400 levels they were probably in shale. The 
minable ore bodies range in size from a few. hundred tons 
to more than 50,000 tons. In addition to the sulfide bodies 
of minable size and grade there are numerous smaller 
lenses of sulfide and bodies of low-grade disseminated 
sulfide. 

Characteristics of the Ore 

Sulfides are present in the Afterthought mine as mas­
sive ore that is commonly banded owing to thin layers 
of differing composition; as stringers that replace sheared 
soda rhyolite or shale; as disseminated grains in soda 
rhyolite or shale; and, rarely, as small veinlets that fill 
fractures. 

The massive ore and banded ore.consist of fine·grained, 
intimate mixtures of pyrite, sphalerite, chalcopyrite, 
galena, tetrahedrite, bornite, calcite. auartz, and barite, 
'with minor amounts of luzonite, covellite, and chalcocite. 
The bands or layers in the banded sulfide ore average a 
small fraction of a millimeter in thickness, but a few 
bands are as much as 2 mm thick. Calcite and quart:z; 
occur, in some places, as tiny vein lets oriented about 
normal to the band in!! in the sulfide: bnt more commonly 
these minerals are intimately mixed with the sulfide, or 
occur as veins along the walls of sulfide bodies, especially 
along conta'ets between sulfide and soda rhyolite. Barite 
is not visible in hand specimens of the ore. 

Contacts between massive banded sulfide and shale 
host ro(}k are everywhere sharp, and no balo of dissemi­
nated or low-grade sulfide is pr~sent. The same condition 
holds, in a few places, for contacts between massiye sulfide 
and soda rhyolite host rock: More commonly, howe,'er, 
the massive sulfide that replaces soda rhyolite in the 10\\,(,1' 

levels of the mine is surrounded by a halo or casing of 
pyrite. According to Stewart (1946, p. 15), replacement 
of the host rock is nearly complete at the cores of thes(' 
ore bodies, but the degree of replacement decreases in all 
directions away from the core, and massive sulfide g-rades 
outward into zones of numerous parallel stringers of bar­
ren pyrite. Where zones of lime rock lie adjacent to mas· 
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FIGURE 6. Sketch showing sawtooth relationship between 
sulfide and shale at the northwest end of the 412 stope. 

sive sulfide, as near the southwest sides of the 120, 220, 
and 420 ore bodies, the contacts between massive sulfide 
and lime rock are gradational and irregular. 

In many places the contact between massive sulfide and 
shale at the edges of sulfide bodies has, in cross section, 
a sawtooth form. In such places, the shale layers increase 
in width at the expense of the sulfide until the sulfide 
layers pinch out in sharp ends (fig. 6). Commonly these 
marginal sulfide layers are banded, and the banding tends 
to parallel the edges of an individual sulfide la.yer aU 1 he 
way to its apical contact with the shale. 

In other places' at the edges of the sulfide bodies the 
('ontact between sulfide and shale host rock may be 
described as interfingering; that is, the shale ,,·Wens at. 
th(' expense of the sulfide, but the ends of the slIlfide 
layers are blllnt and rounded rather than sharp (fig-. 7). 
The band ing- ill sulfide parallels the length of the fillg-ers 
bllt is truncatrd by the contact at the blunt ends of 111(' 
fing'prs. ,],he banding parallels either bedding or eleayagp. 
ill 1hr shale 110st rock, and evidently WIIS inh('ritec1 from 
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is most stron/lly developed in the incompetent tuffs and 
shales. Very siliceous rocks, especially the siliceous soda 
rhyolite with prismatic structure, commonly have no 
cleavage at all. 

Folds 

The shales and tuffs of the Pit formation were locally 
deformed durin/? the intrusion of soda rhyolite and were 
later folded and squeezed during a period of orogeny. 
The folds that resulted are grouped into three general 
types: overturned and recumbent folds, irregular asym­
metrical folds, and small asymmetrical drag" folds. The 
asymmetrical drag folds can be seen at several places in 
the mine area, but folds of the other two types are in­
dicated only by the attitude of the bedding in various 
places. 

Overturned and recumbent folds in the i':p.oimentarv 
rocks near the contact between the Bully Hill rhyolite 
and the Pit formation have wave lengths that ran!"e from 
a few tens to a few hundreds of feet. These folds ap­
parently forined in two sta/?es. In the first stage, very 
viscous soda rhyolite pushed its way into incompetent 
sediments of the Pit formation. The intrusion was partly 
concordant and partly discordant: where concordant. the 
sediments were wrapped around the intruding rhyolite; 
where discordant, the sediments were cut or torn by the 
rhyolite. The second stage in the formation of , these 
folds occurred in probable late Jurassic time, when the 
rocks were tilted and folded into their present form. The 
massive soda rhyolite acted more or less as a buttress, 
with the result that sediments near the soda rhvolite con­
tact were squeezed and contorted into disharmonic struc­
tures. 

Wave lengths of the irregular asyrr>metrical folds aver­
aIle less than a hundred feet. These folds are in harmony 
with the structural pattern of the region, and they ap­
parently formed during the period of deformation in 
probable late Jurassic time. Overturned and recumbent 
folds and irregular asymmetrical folds are illustrated in 
cross section AA' on plate 5. 

Asymmetrical drag folds exposed in the mine are de­
veloped on the nortp,east flank of a large anticline. Wave 
leng'ths of the folds ranlre from 3 to J 2 feet. Axes of these 
folds plunge either northwest or southeast at angles of as 
much as 25°. The best folds can be seen in the No. 10 adit 
near the top of the B raise, on the 100 level a few feet wpst 
of the collar of diamond·drill hole AU 21, and in the No. 
4 adit near the portal (pI. 4). 

Faults and Shear Zones 

Four main classes of faults are found in the mine. They 
are, f~om oldest to younl!est: (1) low·angle thrust faults, 
(2) hlgh-ande normal faults and shear zonps that dip 
southwest, (3) normal faults that strike northeast and 
(4) faul,ts that dip northeast. All the faults are' pre­
mmeralm age, and more than 90 percent of them strike 
northwest. 

Low-Anqle Thrust Faults. Most of the 10w-anlTle 
thrust faults dip southeast or southwest at anl"lps rlln<l'ing­
~rom 10° to 25°. The best exposures of these faults are 
m the soda rhyolite on the 200 and 300 levels, where the 
faul~s are clearly younger than the cleavage, but are offset 
by hlgh·angle faults. Calcite and quartz are found along 
some of the low.angle faults, and along nearly horizontal 

fractures that occur at a few places in the mine. The 
low·angle thrust faults and fractures are the result of 
thrust moyements during the later stages of orogeny. The 
amount of displacement along most of these faults is 
probably not more than a few feet. 

High-Angle Normal Faults and Shear Zones that Dip 
Smdhwest. Faults of this class strike northwest and have 
dips that rang-e from vertical to 45° SW. In places these 
faults are closely spaced, and the rock between the faults 
is intensely sheared. These shear zones occur in soda 
rhyolite, in sedimentary rock, and locally along the con­
tact between soda rhyolite and sedimentary rock. They 
can be seen on every level in the mine but are most 
prominent in the soda rhyolite on the old 100 level north­
east of the No.1 shaft, and on the 500, 600, 700, and 800 
levels. In all these places the shear zones are strongly 
mineralized. On the 200, 300, and 400 levels · the shear 
'zones are weakly mineralized. The most important of 
these faults and shear zones are the 420, 220, and 122 
faults, and the 450, Copper Hill, and Afterthought shear 
zones. Displacement is difficult to measure because of the 
lack of markers in the rocks. However, if the contact be­
tween the Bully Hill rhyolite and the Pit formation is 
used as a marker horizon, the vertical displacement on 
the 420 fault is about 250 feet, on the 220 fault 85 feet, 
and on the 122 fault 150 feet (pI. 5, sec. BB/). The dis­
placements of this contact observed in a few places sug· 
gest that most of the other faults in this class have a 
normal movement measurable in feet or tens of feet. 

Normal Faults that Strike Northeast. Less than 10 
percent of the faults in the mine belong to this class. Most 
of them dip southeast at moderate an/lles. They offset 
faults of the first two classes but a.re themselves offset by 
reverse faults that dip northeast. The Northeast fault. as 
mapped on the surface, seems to be a normal fault with 
a net displacement of more than ' 75 feet. Underground 
measurements of the direction and amount of movement 
along the faults that strike northeast are scarce, but the 
fllults are regarded as normal faults of relatively small 
displacement. 

FavUs that D?>f) Northeast. The youn!1'est faults strike 
northwest and dip northeast. Faults of this class are few, 
but two of thpm-the Main fault and the 412 fault-are 
of considerahle economic importance. 

The Main fault strikes N. 45° W., dins 45° to 60° NE., 
and is the most continuous fault in the mine. In some 
places. as on the 200 level, it is a shear zone as much as 
12 feet thick; in other places, as on the surface above the 
No.4 ad it, it is a shaly breccia zone less than a foot thick, 
bounded bv slickensided surfaces. Mullions on the slicken­
sided fault surfaces plunge directly down the dip. The 
MRin fanlt is interpreted as a premineral reverse fault 
with sli/lht postmineral movement. 

The age of the Main fault is deduced to be premineral 
from the fact that calcite·quartz veinlets can br seen in 
the fault zone where it is now exposed on the 200 leyel. 
on the 300 level, and in the No.7 a<1it; and also from thp 
fact that sulfirle in the hang-ing wall of the Main fanlt 
in the No.7 adit is not broken or slickf'nsiclrd and appears 
to have formed after the fault. The gangue minrrals are 
rloselv 'related to sulfide in other parts of the minp. so 
th e p~esence of calcite·auartz veinlets within the fault 
zone sUg'!!ests that the fault may have formed prior to 
thc deposition of sulfides. Indirect evidence leading to 
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t.he Sa111f' conclusion lies in the fact that the Main fault 
was rxplored at six different levels by hundreds of feet 
of workil1~£s, now for the most part inaccessible; although 
no records exist for the inaccessible workings, it srems 
"a1id to assume that at least small lenses of sulfide were 
encountered along the fault zone in a few places. 

A minor amount of postmineral movement on the Main 
fault is postulated, because in a few areas the calcite­
quartz veinlets within the fault zone are somewhat 
crumpled. 

Evidence regarding the direction of movement along 
the Main fault is scarce, but the fault appears to be a 
reverse fauJt with a dip slip of at least 450 feet. This 
conclusion is based on the premise that the wedge-shaped 
segment of Bully Hill rhyolite in the hanging wall of the 
fault is an upthrown segment of the soda rhyolite nose 
that forms the footwall of the fault below the 400 level. 
Above the 400 level a block of sedimentarv rock of the 
Pit formation forms the footwall of the fault. This block 
gradually widens toward the surface, because the average 
dip of the contact between soda rhyolite and sedimentary 
rock is less than the dip of the Main fault. Under such 
circumstances, if the Main fault were a normal fault, there 
would be no source for the soda rhyolite of the hanging 
wall. 

It is of course possible that above the present erosion 
surface the contact between Bully JEll rhyolite and the 
overlying Pit formation dipped at a higher angle than 
the Main fault. Under these conditions the wedge of soda 
rhyolite could have been dropped down from above with 
normal movement on the Main fault. These relationshi.ps 
are illustrated in plate 5, sections AA' through DD'. 

The 412 fault is in shale in the general area of the 412 
stope (pI. 5., sec. CC'). It appears to be a weak fault, and 
is marked by a zone of calcite-quartz stringers that ran.Q'es 
from a fraction of an inch to several inches in width. The 
412 fault can be traced from the 300 level down to the 
500 level, but above tlie 300 level it apparently dies out. 
It is probably a normal fault of small displacement. 

Bench Structure 

In general. the contact between the Bully Hill rhyolite 
and the Pit formation in the vicinity of the mine strikes 
northwest and dips steeply northeast. Within the mineral­
ized area, however, the contact is alternately steep and 
nearly horizontal, and assumes benchlike forms. Five dis­
ti.nct benches have been recognized. They range in width 
from 20 feet to more than 200 feet; the length is some­
what greater than the width. The benches occur through 
a vertical range of 500 feet. Most of them slope gently 
toward the southeast. 

In some places the bedding in the sedimentary rocks 
ad.jacent to soda rhyolite follows the shape of the benches 
and wraps around them like a carpet on a stairway, 
whereas in other places beds of sedimentary rock dip 
directly into a soda rhyolite bench and are truncated by 
it. This relationship is seen beneath the 120 ore bodies 
whrre the rocks are fairly WE'll exposed in mine workings 
(pI. 6). Here the beds of srdimentary rocks dip toward. 
a soda rhyolite benrh for a distance of about 75 feet 
arross strikr. At least on(' la~'rr of shal(' projects down­
ward s('veral fr('t into the soda rhyolite'. Thus, the contact 
dol'S not haw th(' shapE' of a low-angle fault surface. In 
view of these contact featnrcs and the absence of low-angle 

fanlts in this area, the writer concludes that the beds of 
~e(limpntary rock were truncated as a result of the intru­
sion of the soda rhyolite. Where the sedimentary rocks 
were truncated or pushed aside during the intrusion of 
t.he soda rhyolite, contacts were irregular and angular. 
IJater, during orogeny, these irregularities were modified 
by tilting and faulting, and molded into their present 
benchlike form. The bench strueture is illustrated on 
plate 5, sections AA' through EE'. 

A notable example of the bench structure is the blunt 
wedge of soda rhyolite that protrudes 150 feet into the 
sedimentary rocks between the 200 and the 400 levels. 
Both the top and the bottom of this wedge are nearly 
horizontal, and the blunt eastern end of the wedge is ver­
tical. The beds of sedimentary rock appear to wrap around 
this blunt soda rhyolite wedge, and thus are in the form 
of a crude recumbent fold. 

GEOLOGIC HISTORY 

The geologic history of the area around the After­
thought mine is summarized as follows: 

(1) During middle or late Triassic time the Bully Hill 
rhyolite, a soda rhyolite, was extruded into the sea. The 
basin of deposition was slowly depressed and the soda 
rhyolite was covered by several thousand feet of shale and 
tuff. 

(2) Dikes and sills of soda rhyolite were intruded into 
the Bully Hill rhyolite and into the lower part of the Pit 
formation, either while Pit and younger sedimentary 
rocks were still being deposited . or shortly afterward. 
These intrusive bodies were emplaced at shallow depth 
and were later manifestations of the same igneous activity 
that formed the Bully Hill rhyolite and the rhyolitic tuB's 
in the Pit formation. 

(3) After middle Jurassic and prior to late Cretaceous 
time the rocks were folded, faulted, and slightly meta­
morphosed. 

(4) The rocks were hydrothermally altered along some 
zones, and shortly afterward the sulfide ore bodies were 
formed. 

(5) The area was eroded during Cretaceous and early 
Tertiary time, and a surface of rather low relief was 
formed. On this surface the Tuscan tuff was deposited 
during late Tertiary time. Finally, after still another 
period of uplift, the present valleys were cut during Quat­
ernary time. 

ORE BODIES 

General Features 

The ore deposits at the Afterthought mine are sulfide 
replacement deposits in shale and in sheared, altered soda 
rhyolite. The ore is commonly banded, and is typically a 
fine-grained mixture of pyrite, sphalerite, chalcopyrite, 
galena, tetrahedrite, and gangue minerals. Sulfide bodies 
that replace shale are in general richer in sphalerite than 
those that replace soda rhyolite. The ore bodies are 
slig-htly elong-ate lenses that plunge southeast at an aver­
age angle of lE'sS than 10°. Some ore bodies are surrounded 
by a halo of heavily pyritized rock, and some are partly 
snrrounded bv a halo of carbonatized rock. The carbon­
at.izrd rock is ~ost commonly found between sulfide bodies 
and soda rhyolite wall rock It was formed partly as a 
replacrmpnt of soda rhyolite and partly as a replacement 
of tuffaceous sediments. 
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FIG\:IIE [). Longitudinal projection of the Afterthought mine showing relative positions of the known ore bodies. 
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