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REPORT ON AFTERTHOUGHT MINE, SHASTA COUNTY, CALIFORNIAe

INTRODUCTION o

The writer revisited the Afterthought mine, July 25-August 12,
1947, after an sbasence of fifteen months,during which time about 4%00¢
of dlamond drilling was done, and about 1800' of drifting, crosscute
ting and ralsing, Since results of this work were maiﬁly disappoint-
ing, the writer was called back to analyse the additional date secured,
in terms of possible remaining chances for ore, sndu te advise on the
future operation,; 1f any, of the mine,

The new drifting and erosseutting, paerticulsryy, shed much light
on structural conditions, heretofor largely deduced from drill-holes
alones It seemed advisable, therefore, to restydy the structure

and ore control in the mine area, largely from seratch, The accompany-

ing Structural Contour Composite Plan and verticel sections ere for

that reason essentially new contributions, based on the new date
and in places on a reinterpretiition of old data.
GEOLOGIC STRUCTURE AND ORE CONTROLa

The dominant structural feature and ore control remains the
northeast flank of the Main rhyolite mass,as may basseen by comparing
the structural eontour plans accompenying the writer's reports of
May 2, 1946, June 28, 1946, August 20, 1946, September 4, 1946 and
September 70, 1946, with the current plans The redntrant in the steep
flan: of the Main mess which contains the ore out in DegDyHole AS-1
and now being doveloped on the new 100 ft,. level,is a bilgger concavity
than had been thought,for at date of writing ore continues on that
lavel, goine west,without meeting the main mass where the latter hed

been expocted, y



The northeast flank of the Main rhyvolite mass localizges ore

in the following ways,as first pointed out by Stewart, report of
June 9, 1946, 17-21,and by the writer in various reportst

{1) Copper ores,occasionally high in zine, along northwest
sheeted zones in the Main mass, near the contactjexemplified by the
ore bodlies below the 400 near Nos3 shaft, The control of the contact
over these ore bddies is well shown by Stewart's Section D-D' (not
reproduced with the present reporé% The contact ( generally coexten=
sive with the Main feult) dips northeast while the sheoted zZones dip
southwest, Ore is richest near vhere the zZones sbutt on the contact,
and dies out down to the southwest, away from the contact,

At higher horizms more or less the same thing is seen,and here
mineralized sheoted zZones eppear related to replacement ore bodles in
liﬁg shale,at or ¢lose to the contact, Thus DyDyHole AU~5, while it
passed beneath the 400 Ore body still in the Main rhrolite,disclosed a
strong sheeted and brecciasted Zone carrying very heavy pyrite and showe
ing stretches assaying as high as 11¥ zince, The shoeted Zone projects
up to the replacement ore in shale,lying along a vertical segment of
the contact (see accompanying Section Showing Froposed DeDeHole "HM
and Composite Tlan), (Incidentally, when the 400 Ore body is developed,
a oerdssout should be run into the Main rhyolite to examine this miner-
alized sheeting, Some stretches may be mineable)s

Apgaingthe sheeted Zone oxposed in the pecent extension of the
south oioascut, 200 level to the new raise to the 100' level,projects
up to the north and into the 200 Ore bodys Some of this materlal on
the 200! level may be milling ore and mav warrant development ird sto-
ping is started with a mill on the rropertys
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(2) Massive sulphide replacement bodies in limy shale, high in
zine (187 plus) end poesibly containing as mch copper as the so-
called copper ores in the rhyolite (about 3%7), Thore are two pypes
of shale replacement ore bodlest

(2A) Vein~like, tabular,relatively narrow ore bodies along verti-
can segments of the Main rhyolite flank,where the shale beds lie para-
116l to the Main rhyolite, An example is the 400 Ore body (see Compos-
ite Plen, Section Showing Froposed DyDsHole "H",and Section Showing
Proposed Holes A-1l, A-2), AS pointed out by Stewart,reference cited,
20-21, solutions presumably travelling up the Hain contact where it
is steep and parallel to the adjoining shale beds had little opportun~
1ty to enter and replace the shale becmuse the shale lamlnae were b 4
plastered along the contact instead of butting ageinst 1t es with
Case ©B described below, Further,fault movements took place along and
near the contactjsome of_thaae movements were premineral and slong
shale beds, Sesulting gouge eppears to have limited replacement on
the side away from the Main rhyolite contact,so that the 400 Ore
védy on the 400 level has usually & gougy northeast wall which cuts
the ore off slickly, Such ore bodies are therefore marrov and tabulars

The northwest "tall" to the 200 ore body,drifted on, 200' level,
i1s a similar examplej but the 200 ore body itself probebly belongs
with Case 2B,

(2B), Massive sulphide replacement ore bodles in shale beds
that abutt on the contact in dip and/or strikejsuch ore bodles appear
to 1ie contained in conocavities in the northeast flank of the Hain
rhyolite mass, so that the ore-beering shale bedd abutt down theiy
dip against o flattish shelf in the rhyolite, A8 pointed out by Stew=

art, in such a case solutions travelling up the Main contact were able
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to penetrate between shale laminae; an upward shova/f%§'ﬁain rhyolite
mass (which probably occurred about the tirme of mineralization) would
facilitate such penefbration, The 200 ore body is an example of this,
(See Section through DeDsHoles AU=-2, AU-3,vhere the sill shows the dip
of the sediments as well),

Another example 1s the ore body now being developed on the new
100' level.(See Composite Pypan), Here ore ocours slong ateeply~dipping
shale beds that probably make an acute anple in strike with the Main
contact,and that abutt egainast a flat terrace on the Main rhyolite
flank, below the 100' level,

Ore b?géegfggnthia type are wide in plansbut thev suffer a moles-
tatlion not/encounteren by the steep tabular ore bodies of Case PAg
the shala lads carry frequent intercalated rhyolite sillsjivhere a
series of shale beds lle parallel to a steep sepment of the Main con-
tactyore formed along these beds will not normally be cut off by barren
sllls, for the latter are generally conformable with the shale beddings
¥With Case 2B in contrast,the intercalated sills that abutt against the
Main rhyo;ite were in the main impervious to oressolutionsjthey form
berren ribs within the ore body,as is well shovr. on the new 100! level
(see Gomposite Plan), _ ”

The largest ore body lmown lay in the rhyolite "wedge",in the
hanging wall of the Main fault (see “oction E2Ef,largely reproduced
from Stewabt,and the Comrosite Plan)e As polnted out by Stewart (17),
this block was highly shattered and ore depo@ited in open spaces as
vell as by replacement, The Nos4 tunnel appears to have been driven
into the shales northeast of the rhyolite “wedge" and to have encoun-
tered shale replacement ore,probably a further examples of Case 2A,along
a steep rhyolite contact, The "wedge" iz probably a down-faulted chunk

- 4 -
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of the Main rhrolite mass (Stewart, 0-10),

A lesser structure diaomvergd by Spewart and which recent orosse
cutting and drifting has perfeotly confirmed is the rhyolite "shelf",
¢alled by Stewart a "d1ll-like dilke",(See Section B-E',Section through
DeDefloles ATU=2, AU-3, Sections to show proposed holes "D" and "E-F",
and the Composite Plan)e The "shelf"™ bottomed the 200 Ore bodyibut
the ore exposed in DyDyHoles AU=2,AU=~3 is believed to meke along the
steep norhheast corner of this shelf (ses section through those holes).

OHANCES FOR PURTHER OREe |

The general zone, near the Main rhyolite contact,which contains
the 400 Ore bodyy,has now been drifted upon for nearly 900 fte southe
east of that ore body, with negative results, The Main contact has
been reeched by drilling in three placeszeach barren, along this st
stretichy Drill-holea to the northeaat,'toward and aeross the ¥ in
faulb, show this area to be largely great rhyolite sills,eliminating
chances for major ore bodies in the shaley, possibly localized along
the footwall of the Main fault,

It seems extremely likely that ore in the Afterthought mine
i8 confined to the small area north of the rhyolite "nose",and oast
of the 400' level main haulage tunnel, The 400 ore body ends to the
southeast vhere it wraps itself around this nose (Composite Plan)
and no ore has been found south of this nose (400 SE drift end DeDe
Holes AS-~3, AS«=4),

No further large«~scale exploration l& jJustified; the property
should be placed on a salvapre basisg the ore found is high-prade
and should wvield enough profit to return the money investeds Once the
method of realizing on the ore is detormined (shipping to smelter,
nilling at M, Copper Cos, mill, or in a mill at Afterthought) the
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400 and 100 ore bodies will presumably be prepared for stopinge In
such case, further but limited exploration in the reatricted area des=
eribed above will be justified as a side-line to the production of
metals at a profit, In other words, present expenditures,solely for
exploration, are no longer justified by existing chances to make a
large mine at Afterthoughts Once the mine 1s in production, s certain
amount of exploration, pald for out of operating profits, will be
worthwhile,
RECOMMENDATIONS FOR EXPLORATION

Generale= The following exploration 1o acheme is designed to test
two kinda of structures shovn in the past to be favorable for oret
" {1) vertical segments of the Main rhyolite and other rhyollte contacts,
such a8 that slong which the northwest "teil" to the 200 ore body made
(200 level) end that along which lies the 400 ore body; end (2) flatter
sepments of the Main rhyolite, or other rhyolite contacts ,whore these
flat éegmonta are intersacted by strong sheeted, mineralized zones
withén the rhyolites The accompenying Plan Shoving Supgpested Explora=
tion shovws most of the exglorution surprested,

100' Level end Aboves~ According to latest reports the 100 ore

body 18 still in ore to the west and to the southesst, The southoast
drift is following the footwall of the ore,which makes in shale beds
atriking aboubt N700W and dipping steeply southwest, The west drift
however is following the north well of a steep rhyollte contact,and
the ore there,replacing shale beds of the attitunde described,strikes
across the west drift at an scute sngle, so that the Barift" is in
part a crosseut, A rib of rhvolite separates the east drift ore from
that in the west drift:this »ib was cut in D,DsHole AS-l, As shown on
- 6 =




the Exploration Pren, ore was cut in D,DeHole AS~1 west of the rhyo=

lite rib and south of the west drift, Three long holes drilled into
the south wall of thet drift showed heavy mineralizationjone hole
showed good zinc ore that‘looks like a replacement of shale. Actually,
the rhyolite rih bifurcates as shown on the plan:it is a single rid
southeast &f the 100' level workings,but splits near the short north
crosscut west of the raise. According to D.D.Hole AS-1,there is ore
south of the south fork of the rib;the ore now being drifted on to the
west lies between the two forks and was not cut in Hole AS~l,

The ore on the east of the rhyolite rib was crosscut east of the
raise, end its footwall 1s now being followed southeast, The northwest
extensién of this ore is unknown,

Proposed D,D.Hole "G"t (See Exploration Pjan). This hole is
designed to explore the ground between the rhyolite rib and the Main
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 D.D,Hole "B": Designed to test the northwest extension

of the ore east of the raise,and to explore the areas between this
ore and the 200 stope., This is potential ore ground,because thé
flat segment of the Main rhyolite contact thought to have helped
localize the 100 ore body extends beneath it/éggiﬁuse 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
Suggested Hole "H"\ This sill may have helped localize the 200 ore
body and there may be more ore on its southwest side, T

The 100 ore body has emphasized the fact that barren sills or
ribs may exist,with ore on either sidejthis fact must not be over-

looked,
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_Iir_g_gsed AGLL to conre ¢t with 100 Ore body Workingst When

stoping of the 100 ore body commences, a second exit will be required.
Mry Price has supgested an adit into the hill,at the elavation of Noe
1 Shaft collar,es shown on the Exploration Flan (position of portel
approximmte) s The adit would connect with a reise near the west end
of the ore,and driven as high as possible in ore, The adit and mise
will facilitate handldng of supplies for mining, since a truck can

be driven to the adit portals The adit hes exploration value as well,
for it willl traverse the zone of intersection of a strong sheeted zone
in the Main rhyolite with the northeast flank of the rhyolite mass,

as shéwn on the EXploration Plan,

200' Lovel Horizone= The main structural festure at this horizon

is the vertical segment of the Main rhollte contact that helped
localize the "tall" of the 200 ore bodye Near the main 200 ore body
the rhyolite contact flattens as shown on the Exploretion Plan,but
southeast of the steep segment, and in line with 1t, is a promising
area that of the intersection of a strong end welle-mineralized
sheeted zone with the northeast flahk of the Main rhyolite mass,
The counterdrift showvn on the Exploration Plan might be driven to
explore this ares,but drilling secems preferables The Section Showing
Proposed Holes A~l, A=2,facing this page,shows alternative holes,
Proposed Holes A=k, A-2 (Albérnative)s A-1 appears the better hole
It would cut the ehalo beds at s bYetter anfle and would test as well

any upward extension of the 400 ore body, Hole A=l, drilled from the
100 level, could be drilled at the same time Holes B and 0 are drilleds
(See Exploration Plan).

The vertical segment of the Main rhyollite contact was drifted on,
200! level, southeast of No.l shaft,but not to the northwest,s The
- B e




300! level lies largely in the rhyolite "shelf”,and the vertlcal
segment under discussion is obscured on the 400/%%£%h15 shelf (see
Section E=B!,facing pe5)e ’
Zxploration to the northwesty,of this and possibly other contacts,
has a speculative attraction, because exsept for the workings in
the rhvolite "wedge" along the Opencut ore body,no exploration has
over been doné northwest of the main habjage turnel, 400' levels
(See larpge Composite Pyan)e Recent work has emphasized,unfortunately,
the ease with which barren rhyolite mav cubt out ore above,below and
laterallvtthe 200 ore body is cut off a few feet above the stope back
by flat-lving rhyolite jsuch an ore body could have no surface expres-
sion,and similar ore bodies northwest of Ngsl shaft,vhere the Main

rhyolite contact outerops barren would have no surfate expression

es.ther.l

1, Notet Proposed DeDsHole B might well be extended to a totel of
130! to test the possibility for ore above the flat rhrolite maes
that cut off the 200 ore body goling upe

Proposed Drift, 200 Levels See exploratlion plane Drift northwest

along the Main rhvolite conbact es showne The contact as followed
will sbon overturn, dipping southwest 3 but farther northwest it st

straighten up,end hare might be a favorable locus for ores

Propossd D¢D.§3§g B (alternative to above drift)t See Explora=
tion f;;n. The drift has the disadvantage that the top of the rhyolite
"shelf" lies not far below 1tithe shelf might rise going northwest
to the horizon of the drift,cutting out chances for ores DsDesHole E
hes been designed to avoid this contingency and mey begd & better bet,

- O =




(See Section Showing Proposed Holes E and F, facing peB)e

300! Level Horizone~ The horizon of the 300! level roughly
bisects the nearly vertical surfsce marking the northeast edge of the
rhyolite "shelf" and exploration of this edge will be discussed
for convenience under that headinge (See Sectlons 5-E', and Sections
Showing Proposed Holes D, F,also Section through Holes AU-2,AU~3)s

Both the large Composite Plan and the Exploration Plan show the
anomoly oonnéoted with the ore cubt in Holes AU~2,AU~3,and the northe=
west end of the 400 ore bodye See also Sectlon through DyDeHoles AU-2,
AU=3, At the horizon of the 400' level there is no direct connection
between the 400 ore body and the ore of Holes AU-3, AU-24 But above
the 400 horiﬁon,the northeast edre of the rhryolite "shelf" is continw
uwous, going southeast, with the vertical segment of the Main rhyolite
mass along which the 400 ore body mede (See also, Vert,Longite Pro=
Jectlon, 400 ore body)e It fcllowsstherefore, that at say 1150! ele=
vation,ore is continuous, from the Hain 400 ore body on the southeast,
through DeDeHole AU«4,and to Holes AU=-3,AU~2, Following this ore,at
the proper horiszon, northwest towerd Noed shaft,is ersentiale

Proposed Drift, 1150' élevationg See Bxploration Plan, The drift
may be started from o relse on the tail»like dovnward extension of the

AU=3 ore,as sugrested on the Exploration Plane Poesibly a preferable
plan would be simrly to start doping the 400 ore body above the 400
level end pursuing the ore northwest in the stope,or by a sub=Arifte
Before doing this it might be advisable to test the northwest
extension of this ore aléng the northeast edge of the shelf,or to
search for a possible second ore body along thls edges
Prophsed DeDeHole Dt See Exploration Plan,and Section Showing

Hole Dyfacing peSe
- 10 =~
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The northeast corner of the rhyolite "shelf”™ has never been
explored northwest of Nou,1 shaft,

Proposed DaDeHole B» See Exploration Plan ,and Section Showing
Froposed Holes E and Fy facing peBe This hole would be attractive if
Hole E found ores |

400 and Lémar Hovimonsa= The vertical segment of the Main rhyo~

1ite contact ﬁar@iats below the rhyolite "shelf" (see Sections E-E',
Section through Holes AU-2,AU-3, and Section showing Froposed Hole
Gy facing this p&gﬁ). This lower segment has been little explored and
looks like a promising place for ore.

Proposed DeDeHole Gt Stewart recormended e similar hole,but
to be drilled south from ¥o,l shaft statlion, 400 level,.(See Exploras
tion Pien), I prefer FHole G,since it would eut the econtact within
the proven ore aref,

in the area of the 400 ore bodyythe vertical segment of the
Main rhvolite contact persists downwerd es far as explored (see
Section Showing Proposed Hole Hyfaclng bhise pagp"%‘?hm 400 ore body,
as shown on the section and on the Vertical Longit, Projsction,appeam
to be eut out st depth by one or rore bpdies of 8ill rhyolite plaster
againat the Main rhyolite mess, There Seems nc reason why such sill
rhyolite bodlea should persist indafinitel  dszmwerds, If they do
notythe Main dontact,if still vertlical beneath themywould appear to b
an especially fevorable locus for orejindeed,the present 400 ore
body might represent merely "leakage" ore,deposited by solutions that
managed,vwhile aaoeﬁing the Main contact,to sneak past bodies of sill
rhyolite, The real mine might lle at depths Thls is pure speculation,
but it seems to me a shame not to test this chance,

- 11 -
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Diamond Drill Tole AU-5 eut towerd its end a total of 6! of
137 %0 16467 2inc ore (see Composite Plan), Mnfortunately study of
this and other drill-holes of this part of the area,together with
that of eérosscuts recently driven on the 400' level sugrests that
this ore 1lies in s rhvolite 811l next to a thin wafer of shale separe~
ting the first s1ll from another one southwest of 1it. Neverthleas, aamov
fuprther expioration of this possible srnll ore body seems desirable, '
Proposed Hole Hi (Exploration Pian end Section Facing this Page).
The hole would cut the same shale wafer at a point 456' sountheast
of wherse cut in Hole AU=-85 and 60' higher,and the Mein r hyolite contact
at a point some 250' below the ore on the 400' level,

Exploration of 01d Ore IZxposuresS.-

100! Levelt North of Nosl Shaft there is & shretch of solid
sulphides,including 7n8, Z6' long end at least 5' longs The drift is
caved at each end of this stretch,so the length of ore mey be greaters
This should be investigatedsif the grourd is not too heavy,an attempt
might be mede to retimber the caved parts and ascertain the size of
this sulphide ore bodve

200! Level: Price estirmates 2600 tons of ore remaining,in the
top and sides of the 200 stopes The "tall" of ore drifted on, 200 lev~
el, should hise’bo Aevoloped, by a ralse,

450 Stones Zine ore remaine at the southeast end of this stopes
Stewart sugrestug a drlll-hole, S82°F from the trensformer station,
400 level, to explore the southeast extension of this ore, Since
Prtoe estimates 4200 tons of ore between the top of thils stope end
the 400 level sill,the southeast extension may be explored and mined
during stopings

- 12 -
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ESTIMATE OF PROBABLE TONNAGE,
Development of known ore is not far enough advenced to permit

of any precise estimate, but the order of magnitude of tonnage pose

sibilities rmay be puessed at,

400 Ore Bodye= The Vertical Longite Projectlion facing this rage
shows my conception of the shape nnd size of this ore bodye Assuming
an average whdth of 8 fte and a density of 9 cuble ft, per ton gives
£9,000 tonse (Dilution not considered)s

100 ore Bodye~ This is best considered in three portlonst
(1) east of the bifurcated rhyolite ridb (see Composite and Exploratior
Plans,and refer to p.6=7)3(2) between the forks of the ridb (present
woest drift is exploring this)3(3) south of the south fork of the rib,
and under the first stretch of ore cut in DeDyHole AS-l,

(1) The east erosscut has disclosed a width of about 30 fte
for this bodye Assuming a strike length of 90 fte end a vertical
height of 80 fte pives 15,000 tonse

(2) ¢The ore body between the ribs is probably narrower;ls fte
width has been assumed; with an assumed length of 50 fteand height
of 50 ftyythere would be 4000 tons heres

(3)¢ Hothing is known of this body except the first ore interw
cept cut in Hole AS~l appears to reprosent 1%,and at least one of the
drifter holes put in from the west drift, 100 ft. level,seems to have
penetrated its The body might contain 5000 tonse

Possible total, 100 Ore bodys 24,000 tonse
Resumé, Possible Ores (¥igures other then above from Frice)s

Tonsg
£00 Stope 2@86"
480 " 4200 (top of stope to 400 sill),
400 ore body 20000
oo * ¢ 24000
BOBOO - 13 -



The tonnage found and mined may be disappointingly lower; I
dlstrust both the 400 and 100 ore bodies,largely beceuse of the

¥

unpredistable ability of barren sill rhyolite to cut out ores On the
other hand, the same sill rhyolite mag have hidden ore shoots from
us that ve may later findsthis possibility must be kept rd:rﬁly in
mind duding stoping orerations, In general,stoping usually discloses
some unexpected ore,and most mines, after stoping actually starts,
vield more ére than estimates have indloateds Even vhere not mesked
by ribs or other bodies of 8111 rhvolite,the Afterthought ore in shal¢
is cormonly surrounded by barrem shale sugpeating in no way the neare
by presence of ore, Thus on the 400% level onmméy stand a foot away
fronm t.he»north wall of the 400 ore body, in a orosscub,and see no
slgn of ores In the very ore-zone itself, a fow feet away from the
- northwest or southeast tdp of the ore body,only barren shattored shale
| is visible,with no more calcite stringers than in hundreds of othey
placoa\in the mineg

Paking all this into consideration, novertheless in ny opinion
the Afterthought mine will vield not much over 60,000 tons abt best,
and probably not less than 40,000 tons, If DeDsflole H should be
drilled and reveal presently unsuspected possibilitles of ore ab
depth, this ploture would be redically changeds '

| HSTIMATE OF PROBABLE ORADEe

The writer has attempted no averaging of samples at this time because
no samples have as yet been taken of the 400 and 100 ore bodles,except
for drill-hole samples, Averpses by others of sarples from the drill
holes and from the ba®iz of 200 stope supgest the following rough fige=

uress



Au, oz/ton Agr,oz/ton Cu,d  Pb,7g Zn, %
0404 Be0 340 4 40% 2040

I understand that the presence of barite in the ore invalidated
mch of the assaying for leadj Kr, Price gave me the fipure for the
zinc averagej otherwise these values correspond to those Galcoulated

in your Los Angeles office,

P VA

San Fpanclsto, Auvgust 23,1047 Bdwerd Wisgey




REPORT ON THE DONKEY MINE, SHASTA COUNIY, CALIP,
gﬁmd:m_%on.- The following report is based on one day's
£1614 worle, August 8, 1947, precédéd by brief visits on two occasions

in April, 1946, The deeper undsr-~v~ nd workings shown on the accompanye
ing plan are from e map by EBeDelLinton davted 1017,

General Geologys* The Donkey workings appear to lie entirely
within the seme rhvolite massive that eppears at the Afterthought
mines both mines lie elong the northeast edge of the mess, The Donkey
mine might lie a mile end a half southeast of Afterthought,

As shown on the plan, the rhyolite-shale contact at the Donkey
is not a simple onet it may contaln either deep embaymenta of shale
in rhyolite, or shele roof pendents, It appears thet the north crosse
cut, 200 level, may have reached the shale contact nearest the mines

The rhyolite in the area of the mine is dominantly fissile,the
plenes of fissility striking B-W to N60O°E me & rule; zones of fissility
are separated by ribs of massive rhyolites Some of the rhyolite 1s
breceiated, with céarse Bheeting traversing the breccias Curiously,
the sttitude of the shale beds corresponds with the fissility in the
rhyolite.

Maneralizatione= Mild silieification, iron-staining end manganese
staining are scattered allmost throughout the mepped erea, The major
mineralization however is confined to a well-defined zon& north of the
shaft, and exposed in the opencut NNE of the shaft end in the tweo
tunnels northwest of the shaft, Along this zone the strong fisnllity
atrikes about N70CE,wheareas fhat in the rhyolite scuth of the zone
strikes nearly Bew, Oougy slips are common in the mineralized zone
and 1t seems probable that the zone 1s & locus of fenltings

wi X .



What 1s ocalled on the plan the "Main Structure” is almoat certainly
& faulb,and probably a reverse fault,
The mne shows intense hydrothermal alteration, sporadic cellulap

limonite, cormon Gopper=stain and occasional manganese stain, G.Cs
Tarlor is sald to have shippefl high-grade silver ore from the opencub
NHE of the shaft, In the westernmost tunnel & 6" stresk of nearly
ressive sphalerite,palena and some chalcopyrite is exposed,

On the 200 level, the westerly working from the shaft is probably
a drift on this Zone,as suggested on the accompanying Sectiong A
little stoping was done, but whether this represents the entire Donkey
produetion 1s not known,

The 6" streaky of sulphides in the west tunnel ends abruptly
on the sasty nineraliaﬁ.tzion exposed in the opencut FNE of the shaft .
is pinehing to the west as supggested on the plen, The ore occurrence
is thought to be as small lenses elong this mineralized zone, The plan
shows & northwest crosscut, 75' level, from the shaftjthis mst have
traversed the mineralized zone and apperently it found nothings A
longer north crosscut, 200' level not only crossed the mineralized
zone but probably reached the shale contact, Pinally, I eam told that
long «f ter this work was done the mine wes unmmm,clmed out and
examined, with apparentlyydiscouraging resultss ‘_

Cohslusions.=The poas: ble dlamond drill hole shown on the Section
would he sbout 450! longjit would eut the minerelized zone at a poor
angle, To get the same depth with a proper engle of intersection would
requirs a 600 fts hole or longers The hole 18fd out has no perticulay
objective other than to ocut the mineralized zone where it looks strong=
est near the surface,and roughly below the ore above the 200 level,
I do not vecormend this hole,nor any work on the Donke§,
EW.

San Franolsco, Aug«26,1947 Edward Wissep
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September 30, 1946

¥r.J.L.Bruece
1206 Peeifie Mutual Bldg.
Los Angeles 14, Calif.

SUGGESTED UNDEROROUND EXPLORATION AT APTERTHOUGHT MINE.

Refer to scocompanying composite plan, and sections,

There are three ore showings, presuasbly esch & unit ore bedy,
to be developed, and two or thres areas of speculative promise to
explors. The ore showings are discussed first,

4U~6 Ore Body.~It 1s assumed the ore showings im Holes AU-2,3,4
end 6 are continuous. This ore zone is projected to the 4th level
horison c{i-'-? “;n the plan) snd to the 3rd level horizem ( 13 on
the plan). Beside these ﬁm:wtim, refer, in Stevart's report, to
his vertical sections through Holes AU2-3, AU~4; to Sections through
AU-B and AU~6, fecing page 5, my Interim Report of sugust 20,1946; &
Section N78%°E through collar of Hole AU-85, my letter to yourself of
August 28, 1946; and to Longitudinal Projection,AU~3-4U-6 Sheeted
Zone, facing page B of my report, Afterthought and Rising Star Hines
Compared, September 4, 1046,

The 4a\u of what these data show is this: nesr Holes AU-3, AU-4,
the rhyolite contect 1s vertical or overhanging,and the ore may be
expectedto descend to the horizon of the 4th level, Southeast 6f thiS
area,the ocontact flattens, and since the shested zZone along which the
ore occurs dips southwest into the rhyolite,the ore probebly pinches
going southesst on the 4th level horison. (See espechdliy the maiom_
through Holes AU-6, AU~6, mentioned above). As shown on the lomgitud/) ~

e



al /9/—0 jection mentioned,the line of imtersection of the sheeted zomne
4hi tThe rhyolite rises near Holes AU-5, aAU-6, so that ore on the

I/ﬂ level horizeom if amny, will be narrow herejbut farther southeast
the rhyolite drops away agein, as viewed in the plane of the ore zone,
sc that ore on the 4th level horizon may wiﬂu;dj“fo .

Thus, while the 4th level appears in general a little low for
maximum ore on this zone, it seems for that very reason an ideal level
for exploration because,if I am G rrect, it lies close to the bottom
of ore and so would make s perfect extrsetion level,

Recommendation.~ 4th Level. From point shown on plen, crosscut
S10°E 100 ft. to get under ore in Hole AU-S, Drive southeast and
northwest om the ore sone. Regarding possibilities for the NW drirfs,
see my report of June 28, 19046, p.6. Best chences at preseant appear
to be to the southeast. The main rhyolite contact should be followeds
Af ore should pinch out, a raise should be put up,in the sediments
close to the contact, but a few feet out from the rhyolite; the
inclination of the raise should parsilel the dip of the contact.

(See sections through Holes AU-8, AU-6). |
XX XX XX XX XXXXX

The area prospected towardy the bottom of Hole AU~5, while a
speculative prospect,is best discussed h;ro. When or if the southeast
drift,4th level, on the AU~6 ore zone reaches the line of Hole AU-B,
a chance will be offered to reach this area. If srrangemeats can bDe
made to keep & drill at the mine, it would be greatly preferable
to drill the area in question,since the 4th level may b too high.

See Verticel Section through Point BBOOR,4745N (N26°E) sccompanying
my letter to you of September 1€ last. Otherwise drive the crosscut
shown on the plan with this report.
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If the AU-6 ore sone has a reasonable verticsl extemt, the Srd
level should show more ore slong it then the 4th.

Recommendation, 3rd Level.-From face of NE crosscut shown on
plan, erosscut N65°R about 35 ft. to out the ore sone,snd drive

southeast and northwest along the mne, erosscutting and raising where
such work seems imdicated,

' XXEXXXXXXXXXXX

200 Ore Body.- The southeastera extemsion of this ore body hss
not besn reachedj slthough the southenstend of the stope is mot too
encouraging, some explorstion to the southeast is justified,especially
uiwo other ore lemses may oocur alomg this some (see my report of
August 20 last, p.d, and sccompsnying mep).

Becommendation, 2nd Level.- is shown om the plam, retimber 3B
drift emd drive scutheast slomg the mortheast wall of ths ore,éross~ '
ontti.ng 8y if uppmfehbh ors is encountered.

BBcommendation, 200 Stope.~ Iy 1s importent to determime the upper
1imit of this ore shoot. Hemce raise where showa, keeping close %o
the rhyolits footwall,

Recommendatiom, 2md Level.~ The ore lems probably pimches cut to
the morthwest,but if the short SPEOW orosscut should disclose ors,
about 40 ft. additional lemgth of ore would be ind cated.

XXX XXX XXX

48-1 Ore Body.- Before starting sny tunellinmg orraising oa this
prospect, more information should he gained as to the shape and sxtent
of the ore body. Drilling seems indicated here, and two alterastive
holes are shown om the plem snd the sccompenyimg sectioms. Possible
Hole A, upper section, may be drilled up from the 3rd level or dowa
from the surfsce. To save Sime I heve used s N-S sectioa through
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Hole AS~5, already prepared; but actually I should drill the surfaee

hole aleng s course 520°W, or the underground hole, §¥20°%0 ,becsune
the ore some probably strikes EW (see plam).

The alternstive Hole B is shown on the lower secbiom. It would
be drilled £ om the Ond level. It is slightly move risky tham &,
because it takes a bigger bite,demanding a greater extension of ore
N¥ of Hole AS~-1; Hole A seems pretty well desigmed to test the vert-
1cal extent of the ove. However, I rather prefer B.

XXXXXXXXXXX

gpeculative Prospects.- If Hole A5~10,mow rumning, should fimsd
ore,the only way I cen thilk of to get at 1t would be to extend
the maim Afterthought tunnel severel hundred feet KE,or drive & lower
tunrel a greater distamce. The trouble &s that the south end of the
2ad level, while mear tais "embaymeat"™ where the latler shows on the
surface,is far below smy possible ore that might be ocut by Hele
AS-10 ( 19269 ft. ve. 1500 ft.elevetions). However,if as I have sugges~
ted elsewhere,the embaymemt is much deeper,with steeper sides,tham
1 have drawa it om the sccompemnying plam,them the 2ad level might be
a feasible site for exploration. Hole 4AS-10 mway give snough dats %o
decide this.

In spite of the berrem extemsion of Holes AU-4, I still think that
driviang 3B on the Main Shesr Zoke, 5th level, into the se imentaries,
i a good bet.

General.~ These suggestions ure of necessity hastily made emd

subject to rewision,
Yours t?}y
Bdward Wishser
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as well as its depth, is eonjectural. Whatever the original
source of the hydrothermal solutions, they probably made
their way upward through the earth’s erust along sheared
and fractured zones in the Bully Hill rhyolite, and in
the sedimentary rocks of the Pit formation. Here and
there the physical condition of the host rocks was such
that the mineralizing solutions had relatively easy access
to the host rocks. Where the temperature and composition
of the visiting solutions and host rock were favorable, a
chemical reaction ocecurred, 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. 1 ore
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 the dump of the No. 4 adit.

2. Downward extension of the Copper Hill No. 1 ore
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 geologie
environment as that above the 120 and 220 ore bodies.

4. HExtension 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 ecalcite, 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 mineralized 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 lens 15 feet wide and at least 40 feet lone that
assavs more than 4 percent copper (based on observations
by F. W. Stewart). Although the writer has not examined
these workings. 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
rhyolite shear zones. If so, the core of the sulfide body
is probably below the level.
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7. Almost all the ore bodies enclose layers of unreplaced
rock, and in some places these ‘‘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 regular 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-
ings 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, shear zones that probably served
as feeder channels for the 420 and 450 ore bodies extend
downward into the soda rhyolite in this vicinity.

9. 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
toward 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 rhyolite below the 800 level. Bodies of high-grade
sulfide similar to the 700b ore body may reasonably be ex-
pected where such shear zones intersect the shale contact.

REFERENCES

Anderson, C. A., (1933), Tuscan formation of northern California,
with a discussion concerning the origin of voleanic breccias: Cali-
fornia Univ. Dept. Geol. Sci. Bull,, vol. 23, no. 7, pp. 215-276.

Anderson, C. A., and Russell, R. D., (1939), Tertiary formations of
northern Sacramento Valley, California: California Jour. Mines
and Geology, vol. 35, no. 3, pp. 219-253.

Averill, C. V., (1939), Mineral resources of Shasta County: Cali-
fornia Jour. Mines and Geology, vol. 35, no. 2, pp. 108-191.

Boyle, A. C., (1915), The geology and ore deposits of the Bully Hill
mining distriet, California: Am. Inst. Min. Eng. Trans. 48, pp.
67-117.

Brown, G. C., (1916), The counties of Shasta, Siskiyou, Trinity ;
Shasta County: California Min. Bur. Rept. 14, pp. T47-809.

Diller, J. S., (1904), Mining and mineral resources in the Redding
quadrangle. California, in 1903: U. 8. Geol. Survey Bull. 295,
pp. 169-177.

Diller, J. 8., (1906), U. S. Geol. Survey Geol. Atlas, Redding folio
(no. 138), 14 pp.

Fairbanks, H. W., (1892), Geology and mineralogy of Shasta
County : California Min. Bur. Rept. 11, pp. 25-53.

Frank, F. B., and Chappell, H. W., (1881), History and business
directory of Shasta County, pp. 23-25.

Graton, T.. C., (1910), The occurrence of copper in Shasta County,
California: U. S. Geol. Survey Bull. 430-B, pp. 71-111.

Hinds, N. E. A., (1933), Geologic formations of the Redding-Weaver-
ville distriets, northern California: California Jour. Mines and
Geology, vol. 29, nos. 1 and 2, pp. 77-122,

Lindberg, C. 0., (1919), Unpublished report.on Afterthought mine,
on file at Coronado Copper and Zine Co., 1206 Pacific Mutual
Bldg., Los Angeles, California, 8 pp.

Smith, J. P., (1894), The metamorphic series of Shasta County,
California : Jour. Geology, vol. 2, pp. 588-612.

Smith, J. P., (1914), The Middle Triassic marine invertebrate faunas
of North America: U. S. Geol. Survey Prof. Paper 83, 254 pp.

Stewart, F. W., (1946), Unpublished report on the Afterthought
mine, on file at Coronado Copper and Zine Co., 1206 Pacific Mutual
Bldg., Los Angeles, California, 27 pp.

Tucker, W. B., (1924), Copper resources of Shasta County, Cali-
fornia : California Min. Bur. Rept. 20, pp. 419-447.

Wisser, Edward, (1946), Unpublished report on the Afterthought
mine, on file at Coronado Clopper and Zine Co., 1206 Pacific Mutual
Bldg., Los Angeles, California, 15 pp.

printed in CALIFORNIA STATE PRINTING OFFICE

GEOLOGY AND ORE DEPOSITS OF THE AFTERTHOUGHT MINE,
SHASTA COUNTY, CALIFORNIA*

By JoHN P. ALBERS **

OUTLINE OF REPORT

Page
Abstract
Introduction
History and production 4
General geology o ey
Triassic rocks 5
Bully Hill rhyolite 5
Pit formation 7
Tertiary volecanic rocks 8
Tuscan tuff IR
Talus and rock mantle 8
Rock alteration 8
Structure 8
Secondary cleavage tad 8
Folds 9
Faults and shear zones 9
Bench structure et _ 10
Geologic history 2 10
Ore bodies s 10
General features P 10
Characteristics of the ore L R 1
Structural control of the ore bodies_______________________ 14
Mineralogy and paragenesis 15
Gangue minerals s W
Oxidation and supergene enrichment s g L
Genesis of the sulfide bodies T 17
Areas favorable for exploration el {3
References 18
Illustrations
Page
Plate 1. Geologic map of the Afterthought mine area,
Shasta County, California__________________ In pocket
2. Cm_nposite plan of the' Afterthought mine work-
ings _ 4 e ——-In pocket
3. Geolggic plan of the 400 level, Afterthought
0 (e o Bl e e R o e SRRl L In pocket
4. Geologic plan of upper adits and 100, 200, 300,
450, 600, 700, and 800 levels of the After-
thought ey s Ao L nuilon oy O s In pocket
5. Geologic sections A-A’, B-B’, C-C/, D-I’, and
E-E’ of the Afterthought mine______________ In pocket
6. Isometric diagram of the Afterthought mine_____ In pocket

Figure 1. Index map showing the locations of the After-
thought mine and the East Shasta and West
Shasta copper-zine distriets

2. Afterthought mine plant from U. S. Highway 299E.
Little Cow Creek in foreground _________________ 4
3. Prismatic and brecciated Bully Hill rhyolite near the
Siterthauehtiines- 0 = Aot B0 LSRRG ETS 6
4. Banded sulfide ore overlain by puddinhead breccia in
Copper Hill open cut S SR
9, Longitl.}dinal projection of the Afterthought mine,
showing relative positions of known ore bodies ___ 11
6. Sketch showing sawtooth relationship between sulfide
and shale at the northwest end of 412 stope__. .= . 12
7. Photograph showing interfingering relationship be-

tween sulfide and shale at northwest end of the 120

10 e R o I e e S 12
8. Sketch showing top of 420 ore body near its north-

west end where it is controlled by drag-folded beds__ 13
9. Assay map of the 220 ore body_________________ 14

* Publication authorized by the Director, U. S. Geological Survey.

Ili’dligpa.red in cooperation with the California State Division of

es.
** Geologist, U. S. Geological Survey.

(3)

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 zine, 2.7 percent
copper, 2 percent lead, 5.0 ounces of silver, and 0.04 ounce of gold.

The chief rocks in the mine drea 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 steeply northeast; a weak cleavage strikes
northwest and dips steeply southwest., Voleanic breccia of Pliocene
age overlies the older rocks unconformably. Four types of faults
are present— (1) 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
shale, and (e¢) in limy shale. About 15 sulfide bodies of minable size
are known in the mine. The largest of these, the Copper Hill No. 1,
now mined out, is estimated to have contained more than 50,000 tons
of ore, but all the other ore bodies are considerably smaller. The chief
structural controls of the ore hodies are: sheared and broken zones in
the soda rhyolite ; high-angle faults between soda rhyolite and shale ;
soda rhyolite benches; a reverse fault that dips northeast; and drag
folds in the sedimentary rocks. The ore is a mixture of sulfides and
gangue minerals. The sulfide minerals are pyrite, sphalerite, chal-
copyrite, galena, tetrahedrite, and bornite, with minor amounts of
luzonite, covellite, and chalcocite. Gangue minerals are calcite,
quartz, and barite. Oxidation extends only a few feet below the
surface.

All the known ore bodies in the mine, except the Afterthought
shear zone ore bodies, are in a block that 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 several
good prospecting areas along this contact in the upper part of the
mine are indicated. There is also evidence that the benehlike contact
between soda rhyolite and shale plunges southeast at a low angle;
therefore the writer believes that wildeat prospecting in the mine
area should be directed downward toward the southeast below the
500 level.

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-zine district. (See fig. 1.)

The maximum relief within the mine area is about 800
feet, and the canyon of Little Cow Creek, a permanent
stream that flows southwest and provides an ample supply
of water for the mine, is the dominant topographic
feature. The mine plant and main haulage level are on
the east bank of Little Cow Creek at an altitude of 1,125
feet. The hillslopes surrounding the mine rise rather
steeply to an elevation of 1,800 feet, where the topography
becomes much more subdued, owing to the presence of
a Tertiary erosion surface capped by a permeable volecanic
tuff breecia. (See pl. 1; fig. 2.)

The Afterthought mine is owned and operated by the
Coronado Copper & Zine Co., and the property is said to
include approximately 1,800 acres of patented mineral
claims consolidated into one block (Lindberg, 1919, p. 3).
Of this total, less than 60 acres is underlain by mine
workings.
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Ficure 1. Index map showing the location of the Afterthought
mine and the East Shasta and West Shasta
copper-zinc districts.

The mine is developed by nine levels extending through
a vertical distance of 729 feet. The 400 level, which is
the main haulage level, extends 2,910 feet into the hill.
At a distance of 1,450 feet from the portal a 329-foot shaft,
the No. 1 shaft, connects the 400 level with the surface.
Two underground shafts, one 300 feet deep, and one 400
feet deep, connect the 400 level with deeper workings.
The mine workings total 18,700 feet: 16,500 feet in drifts,
crossceuts, and stopes and 2,200 feet in raises and shafts.
(See pl. 2.)

At the time of this study 9,790 feet of the mine work-
ings were mapped. An additional 3,200 feet of workings,
now inaccessible, were mapped in 1946 by F. W. Stewart,
consultant for the Coronado Copper & Zine (Co., and
these maps were available to the writer. The remaining
9,710 feet of workings 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 Shasta
and West Shasta copper-zine districts (fig. 1). The field

work in the Afterthought mine area was begun in June
1949 and discontinued in September of the same year.
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
and fine cooperation extended by officials of the Coronado
Copper & Zine 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 Peck 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 zine and
considerable lead, only ecopper, gold, and silver were re-
covered from the ore prior to 1925.

FIGURE 2. Afterthought mine plant from U. 8. Highway 299 E.
Little Cow Creek in foreground.

AFTERTHOUGHT MINE, SHASTA COUNTY i

later were partly altered to covellite. In general, chalcopy-
rite is somewhat more abundant in ore bodies that have
replaced soda rhyolite than in ore bodies that have 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 oceur without
galena, 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 grain boundaries. Covellite is not an abundant min-
eral and has not been seen as an alteration product of
chaleopyrite.

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
chaleocite, along 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 commonly appear as large
areas enclosing euhedral grains 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 chaleopyrite. The writer believes that the barite, caleite,
and part of the quartz were introduced, whereas the rest
of the quartz is probably residual,

Quartz and Caleite Veins. In the Afterthought mine
calcite and quartz commonly occur as numerous small
veins. Quartz and caleite 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 dip steeply either
northeast or southwest, but a few nearly horizontal vein-
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
sulfide 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 relationships
between unimportant-looking quartz-caleite 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, caleite, and unreplaced rock. Barite may also oceur
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 pereeptibly 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 magma,
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Table 1. Paragenesis of epigenetic minerals at the Afterthought mine.

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

HYPOGENE SUPERGENE
Rock=-alteration Sulfide-replacement and
stage vein-forming state
Kaolin

Cryptocrystalline quartz
Calcite
Montmorillonite and nontronite

Radial quartz and veins of milky quartz

Pyrite

Barite

Sphalerite

Luzonite

Chalcopyrite

Bornite

Tetrahedrite

Galena

Calcite-quartz veins

Covellite

Chalcocite

Secondary
chalcopyrite

Azurite

Malachite

Limonite

AFTERTHOUGHT MINE, SHASTA COUNTY 5

The Coronado Copper & Zine 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
was operated continuously until August 1952. The erude
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 zine 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 erude sulfide ore
that assayed an average of about 16 percent zine, 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

opesliated successfully from 1905 to 1907 (Lindberg, 1919,
p. 3).

1909 : Property was acquired by the Afterthought Cop-
per Co. (Tucker, 1924, p. 425).

1918-1919: Afterthought 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 Zine Co. acquired the property
and erected an 83%-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 & Zine 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 begun.

GENERAL GEOLOGY

'1_‘he Afterthought mine is in Triassic voleanic 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,
but one premineral fault may have a slight amount of
postmineral movement.

At least five main types of hydrothermally altered rocks
oceur 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 oceur 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-
sell, 1939, pp. 231-235) that rests unconformably upon
the older rocks. The Tuscan tuff has little economie sig-
nificance except insofar as it masks the geology of the
potentially 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-zine distriet.

The formation name Bully Hill rhyolite is applied to
a sequence of voleanic 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-
lite, 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 erops out in the western part of
the Afterthought mine area. It is a hard light-gray apha-
nitie 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 changes 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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F1GURE 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.

Prismatic Structure. Small prismatic columns oceur
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 eolumns are fairly straight, but in other areas they
are crooked or irregular. In some places the straight col-
umns can be traced for a distance of 10 feet, but the
crooked or irregular columns commonly fade out or erade
into a breccia within 2 or 3 feet. Most columns within a
given outerop are oriented about the same direction, but
in another outerop only a few feet away the columns may
be oriented in a different direction. Although the pris-
matic structure is developed in both the soda rhyolite and
the soda rhyolite porphyry, the structure is most common
in the uppermost part of the soda rhyolite, within about
200 feet of its contact with the overlying Pit sedimentary

F1cURE 4. Banded sulfide ore overlain by puddinhead
breccia in Copper Hill open cut.

rocks. The prismatie structure is probably the result of
contraction on cooling of the erystallizing rock.

Breccias. Four main varieties of breceia are found in
the Bully Hill rhyolite of the Afterthought mine area.
One of these is considered 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 breceia, tectonie and
volcanic puddinhead breceia, 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 outerops of
this breeccia yielded no certain clue as to its origin, the
writer interprets it as voleanic flow breecia.

The 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 (fig. 3). The prismatic structure fades into bree-
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 stress.
The writer believes that most Bully Hill rhyolite with
prismatic structure is intrusive because in some parts of
the mine it appears to cut across beds of the Pit formation.
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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 bodies 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 chalecopyrite. Thermal solutions probably
ascended 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 syneclinal structure 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 infers that a gently dipping contact
with soda rhvolite may project into the area beneath the
AU 5 ore body.

The 412 sulfide lenses are in shale along the haneging
wall of a premineral fracture. The reason for the locali-
zation of the individual lenses of sulfide is not known.

The largest bodv of sulfide in the Afterthought mine
was the Copper Hill No. 1 ore body. now mined out. This
ore hodv apnears to have had a length of about 400 feet, a
width of at least 125 feet, 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 (fiz. 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
Main fault, and in the vicinity of the soda rhyolite wedge
they fed upward into bedded shale and sheared soda
rhyolite. This is a structurally favorable area because the
beds dip steeply southwest into the Main fault, and thus
were easily accessible to the mineralizing solutions.

The Copper Hill No. 2 ore body was also in the hanging
wall of the Main fault and replaced a portion of the soda
rhyolite wedge. Only the remnant of the top of this ore
body is now exposed in the glory hole; at this exposure
it appears to be a very pyritic sulfide body about 20 feet
wide that comes to a rather blunt top beneath two inter-
secting premineral fractures. A polished section of the
sulfide collected from the glory-hole exposure is compose
of more than 85 percent pyrite, less than 5 percent chal-
copyrite, and about 10 percent gangue. A cross section
drawn by . W. Stewart in 1946 suggests that the area
below the glory-hole exposure was stoped ; if so, it must
be assumed that a higher percentage of chalcopyrite was

present in the stoped area. Hence, the pyrite seen in the
glory-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 level may be part of the same pyritie 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 caleite, quartz, and barite ; supergene minerals
are covellite, chalcocite, chalcopyrite(?), 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-erade banded zine ore
appears in polished sections as sparse, small grains in large
areas of sphalerite, or as very small grains that are grouped
together, with much interstitial material, to form pyrite-
rich layers. Pyrite also ocecurs as disseminated grains
scattered through large areas of soda rhyolite, and as
granular layers a fraction of an inch thick that parallel
the bedding in shale. The pyrite is commonly strongly
corroded by sphalerite, but is not much replaced by
chalcopyrite.

The sphalerite is dark gray and probably rather high
in iron. In polished section it appears as large patches that
include both idiomorphie 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.
Much 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 together. 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
fillings around pyrite grains; as irregular patches in
sphalerite ; as large areas with islands of both pyrite and
sphalerite; as small exsolution bodies in sphalerite; as
small patches in bornite; and, rarely, as discontinuous
septa between galena and sphalerite. Chalcopyrite also
occurs as small disseminated grains in gangue and in soda
rhyolite. In one polished section of ore from the 220 stope,
chalcopyrite appears as blades in bornite and is closely
associated with covellite. The writer is not certain whether
this is supergene chalcopyrite or whether it indicates an
exsolution intergrowth of chalcopyrite 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; the 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.

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 contact between shale
and soda rhyolite makes a roll at several places, from
northeast to southwest and back again ; the sulfide bodies
oceur in 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 convex to the northeast, a layer of mixed
caleite and quartz, or, rarely, a thin band of sulfide, 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-
lite and shale, but several feet below it is a soda rhyolite
bench. The shale beds are much broken and sheared, and
dip into the soda rhyolite bench. The top of the 122 ore
body may be partly controlled by drag-folded beds at the
northwest end. The AU 40 sulfide lens is localized along
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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 matrix of dark-gray to black, soft, com-
monly slickensided argillaceous material (fie. 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 irregularly and
occurs only in areas very near, but not alwavs adjacent
to, shale of the Pit formation. Its contacts with the shale
are commonly sharp, 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 outerop width of 40 feet and a strike
length of at least 140 feet. Other areas of puddinhead
breccia oceur on the surface in the glory hole and on the
300 level near the No. 1 shaft.

The tectonic breceia oceurs north of the mine buildings
(pl. 1) ; it consists of sparse fragments of hard massive
soda rhyolite in a matrix of softer sheared soda rhyolite.

‘The fragments are subrounded and slichtly 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 sharp 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 breceia and the unbrecciated rocks
around it are gradational. Brecciated zones cross contacts
between soda rhyolite and soda rhyolite porphyry.

Origin of the Bully Hill Rhyolite. The origin of the
Bully Hill rhyolite, like the origin of the Balaklala rhyo-
lite in the West Shasta copper-zinec 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 dip 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 it ‘‘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 voleanic 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 voleanism 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 voleanic areas. The local intrusions
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 sediments were burying most of the old voleanie field
(pl. 5, sees. AA” and BB’).

Age and Thickness. The Bully Hill rhyolite has
yielded no fossils, but from its relationships with adjacent
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 econformably underlying the Hosselkus lime-
stone on the east and overlying the andesites and rhyo-
lites of the voleanic 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) (pl. 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 oceurs as beds
interlayered with shale, and eommonly the individual beds
of tuff differ slightly from one another in color, graip
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, erystals of quartz and feldspar, and small rock
fragments, generally less than half an inch in diameter.
Some of the tuff beds contain shale fragments up to a
foot long. The tuff in a few of the beds is well layered,
sandy 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 erystals, and is probably
close to andesite in composition. The best exposures of tuff
oceur near the northern edge of the napped area, along the
road to the Donkey mine.

In thin section the rhyolite tuffs are seen to consist of

. broken fragments and 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 area is
masked by a thin cover of talus and soil on many hillslopes.
The presence of this material makes correlation of geology
between outerops 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
slericitization apparently occurred at a somewhat earlier
date.

Carbonatization. Several tuffaceous layers of the Pit

" formation and small masses in the Bully Hill rhyolite
have been carbonatized, and the resulting caleareous-rock

is known locally as lime rock. On the surface the lime

rock derived from tuff forms bold, dirty-gray outerops,

and it contains rather coarse calcite erystals that have

incompletely replaced the various constituents of the

tuffaceous host rock. The amount of caleite 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 bedding; 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 subhedral grains 1 to 5 mm in diameter and
as irrecular patches as much as several centimeters in
diameter. Calcite replaces all the principal constituents
of the rock—quartz, kaolin, 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 sericitie
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 erystals
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-zine 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 not 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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the host rock. Locally the edges of sulfide bodies replaced
folded shale beds and are partly controlled by them. In
such places the banding in the sulfide is concordant with
the shape of the folded beds, and small drag folds may be
traceable in the sulfide for several inches inward from
the shale contact (fig. 8). Examples of this kind of band-
ing were seen near both ends of the 420 ore body, and
at the southeast end of the 450 ore body.

Large horses of unreplaced 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.
Commonly these septa are only a fraction of an inch thick,
whereas the intervening layers of banded sulfide have a
thickness several times as great. Because of their con-
tinuity and the absence of disseminated sulfide minerals,
these marginal 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 irregularities as
contacts between sulfide and shale described above, but
they are more commonly gradational than sharp. Also,
the banding in sulfide that replaces soda rhyolite parallels
cleavage rather than bedding; 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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I'IGURE 7. Photograph showing interfingering relationship between
sulfide and shale at the northwest énd of the 120 stope.

F1Gure 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 zine, 2.7 percent e¢op-
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. Frurthermore, the grade of ore within
each sulfide body is not uniform. As a general rule the
richest ore is near the eenter 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
the zine content of ore that has replaced soda rhyolite,
but the copper content is about the same in both. Figure
9, an assay map of the 220 ore body, illustrates the changes
in grade that are common within ore bodies of the After-
thought mine. The sulfide has replaced shale except near
the southwest corner of the ore body, where partly car-
bonatized soda rhyolite was the host rock. The assays of
zine 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 represented 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 known 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. quartz, 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 quartz
occur, in some places, as tiny veinlets oriented about
normal to the bandine in the sulfide : but more commonly
these minerals are intimately mixed with the sulfide, or
occur as veins along the walls of sulfide bodies, especially
along contaets between sulfide and soda rhyolite. Barite
is not visible in hand specimens of the ore.

Contacts between massive banded sulfide and shale
host roek are everywhere sharp, and no halo of dissemi-
nated or low-grade sulfide is present. The same condition
holds, in a few places, for contacts between massive sulfide
and soda rhyolite host rock: More commonly, however,
the massive sulfide that replaces soda rhyolite in the lower
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 these
ore bodies, but the degree of replacement decreases in all
directions away from the core, and massive sulfide grades
outward into zones of numerous parallel stringers of bar-
ren pyrite. Where zones of lime rock lie adjacent to mas-

J’ ,'“‘B’onc‘!ed sulfide ore
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FI1GURE 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 layer all the
way to its apical contact with the shale.

In other places at the edges of the sulfide bodies the
contact between sulfide and shale host rock may be
described as interfingering; that is, the shale widens at
the expense of the sulfide, but the ends of the sulfide
layers are blunt and rounded rather than sharp (fig. 7).
The banding in sulfide parallels the length of the fingers
but is truncated by the contact at the blunt ends of the
fingers. The banding parallels either bedding or cleavage
in the shale host rock, and evidently was inherited from
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is most stronglv developed in the incomnetent tuffs and
shales. Very siliceous rocks, especially the siliceous soda
rhyolite with prismatic strueture, commonly have no
cleavage at all.

Folds

The shales and tuffs of the Pit formation were locally
deformed during 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 sedimentary
rocks near the contact between the Bully Hill rhyolite
and the Pit formation have wave lengths that ranee from
a few tens to a few hundreds of feet. These folds ap-
parently formed in two stages. 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 thyolite;
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 rhyolite con-
tact were squeezed and contorted into disharmonie strue-
tures.

Wave lengths of the irregular asymmetrical folds aver-
age 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 A A’ on plate 5.

Asymmetrical drag folds exposed in the mine are de-
veloped on the northeast flank of a large anticline. Wave
lengths of the folds ranege from 3 to 12 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 west
of the collar of diamond-drill hole AU 21, and in the No.
4 adit near the portal (pl. 4).

Faults and Shear Zones

Four main classes of faults are found in the mine. They
are, from oldest to youneest: (1) low-angle thrust faults,
(2) high-angle normal faults and shear zones that dip
southwest, (8) normal faults that strike northeast, and
(4:) faults that dip northeast. All the faults are pre-
mineral in age, and more than 90 percent of them strike
northwest.

Low-Anale Thrust Faults. Most of the low-anele
thrust faults dip southeast or southwest at anoles raneing
_from 10° to 25°. The best exposures of these faults are
in the soda rhyolite on the 200 and 300 levels, where the
fault_s are clearly younger than the cleavage, but are offset
by high-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 movements 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
Southwest. Faults of this class strike northwest and have
dips that range from vertical to 45° SW. In places these
faults are closely spaced, and the rock between the faults
is intensely sheared. These shear zones oceur 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 imnortant 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 (pl. 5, seec. 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. Tiess than 10
percent of the faults in the mine belong to this class. Most
of them dip southeast at moderate angles. They offset
faults of the first two classes but are 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
alone the faults that strike northeast are scarce, but the
faults are regarded as normal faults of relatively small
disnlacement.

Faults that Dip Northeast. The youngest faults strike
northwest and dip northeast. Faults of this class are few,
but two of them—the Main fault and the 412 fault—are
of considerable economic importance.

The Main fault strikes N. 45° W., dips 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 adit. it is a shaly breccia zone less than a foot thick,
bounded by slickensided surfaces. Mullions on the slicken-
sided fault surfaces plunge directly down the dip. The
Main favlt is interpreted as a premineral reverse fault
with slight postmineral movement.

The age of the Main fault is deduced to be premineral
from the fact that calcite-quartz veinlets can be seen in
the fault zone where it is now exposed on the 200 level,
on the 300 level, and in the No. 7 adit; and also from the
fact that sulfide in the hanging wall of the Main fault
in the No. 7 adit is not broken or slickensided and appears
to have formed after the fault. The gangue minerals are
closely related to sulfide in other parts of the mine, so
the presence of calcite-quartz veinlets within the fault
zone sugeests that the fault may have formed prior to
the deposition of sulfides. Indirect evidence leading to
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the same conclusion lies in the fact that the Main fault
was explored at six different levels by hundreds of feet
of workings, now for the most part inaccessible ; although
no records exist for the inaccessible workings, it seems
valid 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
seement 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 sedimentary 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 Hill 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 relationships
are illustrated in plate 5, sections AA’ through DD’.

The 412 fault is in shale in the general area of the 412
stope (pl. 5., see. CC’). It appears to be a weak fault, and
is marked by a zone of caleite-quartz stringers that rances
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 the 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-
tinet 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 oceur through
a vertical range of 500 feet. Most of them slope gently
toward the southeast.

In some places the bedding in the sedimentary rocks
adjacent 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
where the rocks are fairly well exposed in mine workings
(pl. 6). Here the beds of sedimentary rocks dip toward
a soda rhyolite bench for a distance of about 75 feet
across strike. At least one layer of shale projects down-
ward several feet into the soda rhyolite. Thus, the contact
does not have the shape of a low-angle fault surface. In
view of these contact features and the absence of low-angle

faults in this area, the writer concludes that the beds of
sedimentary 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
the soda rhyolite, contacts were irregular and angular.
Later, during orogeny, these irregularities were modified
by tilting and faulting, and molded into their present
benchlike form. The bench structure 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 erude 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 af, shallow depth
and were later manifestations of the same igneous activity
that formed the Bully Hill rhyolite and the rhyolitic tuffs
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
slightly elongate lenses that plunge southeast at an aver-
age angle of less than 10°. Some ore bodies are surrounded
by a halo of heavily pyritized rock, and some are partly
surrounded by a halo of carbonatized rock. The carbon-
atized rock is most commonly found between sulfide bodies
and soda rhyolite wall rock. It was formed partly as a
replacement of soda rhyolite and partly as a replacement
of tuffaceous sediments.
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EXPLANATION

Talus and rock mantle

Ore body cut by
plane of section

-

Ore body behind
plane of section

e
Surface profile on
plane of section

Contact between alluvium and
bedrock on plane of section

Fenlias
Mine workings on
plane of section
Mine workings in front of
plane of section

Mine workings behind
plane of section

Ficure 5. Longitudinal projection of the Afterthought mine showing relative positions of the known ore bodies.
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INTERIN OFFICE REPORT ON APTERTHOUGHT KINE,

SHASTA COUNTY, CALIPORNIA,
INTRODUCTION,
: Since starting this report notice has been received that the
next underground hole will be that proposed by Mr.Mudd,drilled up

60°, course nearly south, from a point near the collsr of Hole AU-5,
and that the next surface hole will be drilled from the open cut,at
a point 40 feet northwest of the collar of Hole AS~-5, down 25°,dir-
ection S48, _

The underground hole was discussed in my letter to Mr.Bruce of
July 31 last,where I pdintug out (1) that rhyolite is unfavorable
for high grade ore at Afterthought and (2) that since this hole
would cross any supposed southeast ;xtonsxon of the AS-1 ore body in
rhyolite,and would remain in rhyolite for the fisst 300 feet ,chances
for ore in this hole were very slim,

The surface hole was discussed in the same letter,where I showed
that such a hole would enter rhyolite at 138 feet,and only about
300 feet below the surface.

I shall point out below three instances,with s probsble fourth,
where my predictions regarding structure (and ore) were checked by
drilling; it might be supposed from this that my notions of After-
thought structure and ore control ere in general not far from correct
but unfortunately from my standpoint, no attention has been veid to
these ideas in the drilling progrem, and where holes laid out have
met with my approval,the resson has in the main been coineidence.

Self-resppct demsnds that I give you,with entire cordiality
and absence of ill-feeling,my honest opinions at all times, This
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right has been freely given me, and I shall presume on it further

to ask thiss if the undorgréund hole is barren, end stays in rhyolite
for sbout the first 300 feet,snd if the surface hole is barren and
enters rhyolite at about 135 feet,then I esk,if eny more exploration
is done, that my ideas be given the consideration I think they will
then merit,

One thing I wish to state with all emphaesis: I cannot say that
these holes will not find ore; they may. But if they prove barrem,
that fact has no besring on the value of the Afterthought mine,bar-
ring the possible necéssity of the AS~1l ore body going as fer as
the location of either hole to make a mine,a nocoaiity which I
strongly doubt,

THE PRESENT PICTURE IN TERMS OF ORE CONTROL.

In my petrographic report of August 7 last, I outlined a modifi-
cation in previously expressed ideas of ore occurrences hitherto the
ore bodies in limey shale were thought to be similar to replace=
ments in limestone,in that they favored certain limey beds near the

.main rhyolite contact,were only conditioned by sheeted zZones in &

secondary way,and hence differed markedly from the rhyolite ore len-
ses in the lower levels, which are controlled entirely by such sheet-
ed zones., The thin-section work showed that fracturing in the host
rock contréls the smount of calcite present in the rhyolitejreview
of detailed drill logs taken by the writer suggests strongly that
the same hqlda for ore in the limey shale:sthat the shale,really
brittle hornfels,fractured more readily then the shyolite,permitting
introduction of abundant celeite.(This will be checked by thin-sec-
tion work to be done on the ore in limey shale in Hole AS~l), The
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microscopic work already done shows plainly that pyrite, the earliest
ucgg;lie mineral, np_hooé celcite almost exclusively (only fine, -
dusty cubes in the rhyolite groundmsss)and thet sphalerite replaced
both ealeite and pyrite,but also steered clear of the rhyolite. This
replacement on a very fine scale asccounts for the peculiar,obscure
appearance of the sphalerite (or more likely, marmstite). Due to
this close association of caleite (with minor quartz, by the way),
pyrite and marmatite,the time relations are thought to be very close,
i.e, pyrite followed calcite and was in turn followed by sphalerite
or marmatite within s very short interval, This accounts for the |
high iron in the sphalerite,

It follows that the ore shoots in lirey shale do have a Glese
affiliation with those in rhyolite,end thet therefore the prospect,
which I have repeatedly urged, involving driving southeast along
the ¥ain shear zone,on say the 500 level,and following this zone
into the shale,is an excellent onejthis is strongly indicated by
the high grade ore in shale, at the southeast end of the 450 stope.
What prevented this fact from being obvious before(namely,the influ~
ence of sheeted zones on ore in the shale)is the circumstance that
the shale breccisted rather than cheeted, under stress,

The accompanying Horizontal Projection of Shested Zones brings
out these points, Refer a2lséd to the accompanying sections through
Holes AU~6, AU-5 respectively., The more important zones are discus~-
sed below,. »

AS-1 Ore Body.- No particular sheeting system was noted in the
ore; but Hole AS-5,passing directly beneath the ore (in rhyolite)
showed strong,barren sheeting which would project up into the ore,
This fact supplies Proof 1 thet rhyolite is unfavorable for ore. |
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This sheeted zZone,shown at tht bottom of Hole As-s. dips steep-
ly ‘southwest, It was very lnzoly eut in Hole AS-3 (shown at 4600N
coordinate) end if ao.oarrgpd pyrite and calcite,but was otherwise
barren there,although in sediments, not rhyolite, .at that point,
Hence one of the mein ore controls of the AS-1 ore body has probably
glreedy been tested, southeast of the rhyolite nose,and the rhyolite
appears as much a barrier to ore southeast of that ore body as it
does below the ore body (Hole AS~5).

"~ A strong sheeted zone,parallel to the one mentioned,occurs
along the west margin of the AS-1l ore bodyjwhere Hole AS-1l cut the
ore, the two zones are one; but due to the flatter dip of the second
zone,they separzte at depth,hence are widely apart at the projection
plene, 1140' elevation, This southwestern zone, and still snother,
brosder zone soutiwest of it, project into the deep "valley" in the
rhyoiite, souythwest of the nose,and because at least a little ore :
was found &n the north rim of this valley,the latter is & good pros-
pect, It was not explored by Hole AS~-4, '

200 Ore Body.~ No sheeted zone has been dorln;nly identifried
with this ore shoot,but thef narrow zone shown about 80 ft.northeast
of the collar of Hole AU-5 ,if it continues northwest,would project
up directly into the stope. Barrenness of this zone to the SE is
proof 2 that rhyolite is unfavorsble for ore,

AU~3-4-5-6 Ore Body.- No sheeted zone was noted in Holes AU-2-
3-4,probably owing to the fact that the ore lies in sediments along

a vertical, brecciated segment of the rhyolite contact, But Hole
AU-5 shows a strong sheeted zone in rhyolite,sarrying marginal orej

Hole AU~6 shows the same zone, associated with high grede ore in

sediments (see sections through those holes);this fact affords
- 4 =




.ConlacT &5 }‘”"/'C/Z'/
1 oe E-F, repor? 1100

: y >
/4./'\\/\ % S P ot 5/28/ 44
) ‘ F;‘ ééi’ s / ‘QLI""‘/ ; "’/f&k.,k
7~
Shegled ’ 1\ s 7
™in :,ra/:leyl 2ong \‘\\ 2.3, /TC: !
In D.DY Ab-5 preojectle o j/l’(r,

Yo plane of 5ettion ”/"”5 sirik e
of —'hecf/nj

/000
Seclron % oy![ DD MH BAYE .
/"= og
| ‘ o Ry NS E L X gty RS
> (
'\
4 ru‘ a pet 4
i \
AN \
\\
e s T AR &

Sec :f/(‘ly ,'rf/'/*(\l/vy/é 2 D A /9(/\5‘
;s /60 )




proof 3 that rhyolite {s unfevorable for ore. Incidentally,the sec”
tion through Fole & shows how closely I predicted the point of emer-
gonce of the hole from the rhyolite;there is no reason why the ore
body there should not be much wider then the hole shows 1%,as the
section explains, This is gheck 1 on my motions of structure. with
regard to Hole AU-5, sxtrapolating the structural contours on the
awncmmwmﬂormzaun show thet I predic~
ted the point of emergence of Hole AU-5 at 1050 ft.,whereas the se~
tual elevation of the point of emergence 9as 1025 ft. Check 2.

¥ain Shear Zone.- This sone csrried all the principal ore bodiss
in the lowsr levels;the ore was in rhivolite except for the southsast
end of the 450 stope. Hole AU-B cut the southeast extension of this
sone, in the sedisents. The hole disclosed about 10ft. of 12§ sine
ore slong the hanging wall of the zonesthis s owing may represent
a fraying-out to the southeast of a major ore body,perhaps 200 ft.
long; or the hole may have cut the zome at the top or bottom of a
longer shoot.

The Main shear Zone is so strong, snd fractured the rhyolite
so strongly,that 1t bore commercial sindore in rhyolite,something
that happened practically nowhere else. o such the better for the
chences of this zone in sediments.

Unexplored Segments of Sheeted Zones.~ Obviously chances &re
good slong the Msin ahcnr zone, between the 450 stope and Hole AU-5,
and along the AU-6 sone southeast of the ore in that hole, The AS-l
ore bedy will probably follow the steeper shear zone connected with
1t, northwest into the "f1at” 4n the rhyolite shown on the plane
while Hole AS-7 will out this zone,sterting st sbout gzo ft.(4f the
hole goes that deep) it will cut it in rhyolite end tﬁq gzone where
cut will probably be barren, Inqidoahny. in my lotué of July
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21st last, I predicted this hole would enter the rhyolite at 180°'.

I have the log to 210 ft. only, but at 192 ft. the hole entered
Phyolite and rems’ned in that vock to the then bottom. If the hole
stays in rhyolite,this will furnish snother check on my motions of
structure. Check 8r the third positive check to date is furnished by
Hole 4£8~86, Section D~D', my report of June 28 last,shows that A8-6
should have entered rhyolite at 1060' elevation; it did so at 1085°.

The southeast extension of two strong sheeted zones into the
"walley" southwest of the rhyolite nose has been mentioned on psge 4.

RECOMMERDED EXYLORATION.

There are st the present indications of four separated ore
zones, esch on its respectivesf sheeted zones (1)As-1;(2) 200 ore
body;(3) AU-3-4-5-6 ore dody;(4) Moin shear sone. For the AS-l shoot,
the writer recommended a surface hole to explore its northwest exten-
sion (letter of July 31 lest, page 2, Possible Hole (o). I have no
present plan for exploration of the 200 ore bodyi3this should probably
ewalt "tunnelling” if sny. The remainder of this report deals with
exploration on the AU~6 snd Hain shear sones. First however,it may
be asked, What tonnage are we shooting at, and What are the chances
of resching that figure? t

Hinimum Tonnage Beguired.-A figure of 400,000 tons has been given
me, informally,but 1t seems to me a lesser figure might suffice,

If the grade shoul e anything like as good as that in Hole AS-6,
a {5 profit per ton would be the lowest conceivable. With s 200~ton
mill, 300,000 tons of orey¥ would provide a fiws yesr operation and

& total operating profit of 1,500,000, Allowing §500,000 to return
expenditures for property, for building mill snd money slready spems,
leaves {1,000,000 net vrofit,returned at the mt'o of £200,000 per
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year, If the Afterthought makes a2 mine,this is the writer's measure
of its probable size,

Optimm Tonnage of Known Ore Zones.- Can this tonnage be
found? If the writer's motions of ore controls are ® rrect,certain
maximum possible figures for the various ore Zones can be guessed
at, Under present exploration methods,which are striectly geometrical,
basing the next hole solely on ore or no ore in the last, no caleula-
tions of optirum tonnage are possible, '

AS~1 Ore Body.

Hole AS~6 has shown a vertical dimension of 280 ft, for this;
but since the hole was drilled right down the vertical brow of the
rhyolite nose and found the ore only becesuse the brow had a "cave"
in 1t,the thickness is unreliable.(Ses section accompanying my letter
of July 31st last, which however shows the "cave" too highithe log
shows that the hole weyt from rhyolite through 6® of shale and inmto
ore). This ore might extend up 50'., If the ore body occupies the
“valley" shown on the plan, its horizontal area will be 100' x 100'.
Total volume 500,000 cu.ft.,and at 10 cu.ft.per ton, 56.000 tons,

| 200 or SA Ore Body. |

No basis for calculation exists here;the ore shoot might heve
a horizontal sres sbout 130 x 403if it goes up 100',it would contain
another 50,000 tons. - %

AU~8 Ore Body.

'As~ahown on the plan, Hole AU-6 was drilled at an scute angle
to the strike of this vein-like ore body (assuming the ore in AU-6 =
connects with that in AU-4), But the accompanying section through »U~_€
shows that the ore here may be much thicker than the hole indicates. .

Some extension southeast must be sllowed for as well, Guessing at an
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average width of 20' and a length of 280", then with a height of
150* (whiech might go with the length sssumed), 75,000 tons might
be found here, |

Hain Shear Zone.

The principal hope for tonnsge seems to lie here. The sediments
form a wedge;one side is the footwsll of the Naln fault,the other,
the rhyolite contact. he wedge is open to the southeast; the north~
west cutting edge pitdies down to the southeast like the prow of
a recing boat,so thet the southesst end of the 450 stope is in shale
(point of wedge),while lower levels,southeast of this point, are =%
still in rhyolite, Thet mineralization exists n'm- vedge toward
its open or whthuot part is shown by the ore and streaks of ore
sulphides near the bottom of Hole AU~8. For the purpose of this
estinate, essume that the 450 ore msindains its width of 20' on en-
tering the wedge,and that the shoot persists 200 ft. southeast,

4 wertical dimension of 200 ft. seems not unressonable in this strong
shear sone. Such & shoot would contain 80,000 tons,

Summary,Optimum Tonuage.

A"’ltooooooﬁcocom'm
m...........oomym
n:“n"éa;oo.io...oqbpow
n ar Zone..80,000
288,000

»
This figure seems not unreasonsble te me; if 300,000 is suffi-

cient tonnage, I think the mine las a good chancef of msking it.
Stewart suggests direct shipping of the ore,end I have seen mention
of this possibility in recent correspondence. If that 1s possible,
the aAfterthought,with 300,000 possible tons of ore, is certainly a
good venture.

To block out any such tonnage would taks more time than appears
avallable; but if say two of the asbove four possibilities should be
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punctured,the mine would no longer look attractive and could be
trasnquilly dropped. The following two drill-holes are designed
with this thought in mind,

Continustion of Hole AU-4.- To test the Hain shear Zone;alresdy
discussed and I urge 1t again, i

Hole from Collsr of AU-B.-The hole to test the AU-4-6 zone,
proposed previously by myself,was up 20° along the course of AU-6.
The present mep shows that this hole too nearly parallels the sheet-~
ed zone. I propose the hole shown in accompanying section through
Hole AU*§the length would be no greater (sbout 300') and the hole
would cut the sheeted sone at a bigger angle,

CORCLUSIONS

It seems to me that these two holes are well adapted to assist
s dscision on the forthcoming due psyment. I they are barrem, don't
pay it 3;if both find ore, take the risk and meke the payment, If
one finds ore but not the other,decision might be difficult; I should
say, drop the proput'y unless the widtk of ore cut was much larger
than snticipated,

This is = clean-cut, unfuszy progrem snd I am not sshamed of

Fw
San Fpanclsco Baward Visser
August 20, 1946
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