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SUMMARY

The Walker Mine property in Plumas County, northeastern California,

'is a steeply dipping, tabular copper-silver—gold deposit localized within

an exhalite unit and associated with a sequence of submarine felsic to
intermediate pyroclastic rocks., The Walker Mine occupies the southern end

of a N-NW striking zone of copper-gold-silver mineraiization called the Plumas
County Copper Belt. -

The Walker Mine was the largest copper producer in Plumas County,
yielding about 163 million pounds of copper from approximately five million
tons of ore between 1916 and 1941. The Walker Mine ore zone consists of
six orebodies aligned along 8000 feet of strike length and Separated from
each other by 100 to 1000 feet of apparently subeconomic mineralization.
From south to north, the orebodies are South, Central, North, 712, Piute,
and North Piute. About five million tons of potential mineralization .
remains in the Walker Mine between rlevels, in the partially mined North
Piute orebody, and in the 712 Footwall orebody.

Norandex canducted exploratian on the property from 1969 to 1971 and
did extensive geochemical and gecphysical surveys as well as drilling 11 .
diamond drill holes.

Amex acquired an option on the property in 1976. During the summers

of 1976 and 1977, they conducted regional geologic recannaissance, detailed

mapping in the Walker-lena-Con Gold areas, claim surveying, stream drainage

and water quality sampling, wlﬁol,e rock geochemistry, and diamond drilling.
Conoco optioned the pfoperfy by Letter Agreement from Amax on

April 1, 1978, and at that time, option payments were re-negotiated with
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the owner, Mr. Robert Barry. The Amax terms require Conoco to spend

$170,000 by January 31, 1980 to acquire a 51% interest in the property.

Conoco has exceeded the $170,000 earning requirement, however, Amax is not

required to reimburse Conoco for Amax's share (4L9%) of the expenditures

beyond the earming requirerhent until 1.980.

Active field work done by Conoco in the summer of 1978 consisted of

detailed mapping in the Walker Mine Area, 2 scil geochemical survey, claim

surveying, and stream drainage and water quality sampling. In addition to

+he above

the assay

work, all of the Amax and Noranda drill hales were re-logged and

data for these holes was obtained and evaluated.

The geclogic mapping established a stratigraphic sequence of volcanic

and chemical sedimentary or deposits as”follows:

(1)

(2)

(3)

Footwall—-andesitic lithie tuff with minor included felsic
pyroclastic zomes, and dacitic porphyry dikes and sills.

Exhalite {ore) zones - two major exhalite horizons consisting of
chert, chert-magnetite breccia with barite and dispersed sulphides.

Hangingwall - intermediate to felsic agglomerate containing sub-
angular to subround fragments of felsic volcanic material and
barite in a fine~to-medium grained siliceous matrix; andesite tuff
similar to footwall rocks; felsic lithic tuff; and intrusive dacite

porphyry.

The massive form of portions of the ore, the close assoclation of the

mineralization with the exhalite zones, and the proximity to felsic and

intermediate wvolcanic rocks suggests a volcanogenic origin for the Walker

Mine copper—-silver—gold mineralizationm.

Geochemical surveys conducted by Conoco over the Walker Miner area

*-  inecluded:

1)

(2)

water quality monitoring to assist in evaluating potential en-
vironmental problems attributable to toxic acid mine discharge and

a soil survey cn a 200 foot x 200 foot grid, the results of which
indicated two prominent copper anomalies coinciding with the two
mapped exhalite zones.



- N T Il I S B O S B O aE S T AR A A A A B

Surveying of claims was done in the summer of 1978 to re-establish

corners as required by California law.

RECOMMENDATIONS FOR 1979

In the Walker Mine area, the chances of discovering viable copper-
silver-gaold % Jead-zinc mineralization appears excellent in the following
areas: |

(1) alang a northern extension of the Walker Mine horizon beneath
post mineral volcanic cover;

(2) along the recently mapped footwall exhalative zones;

(3) downdip extensions from known orebodies;

(L) in the }iorthern Walker Area, two miles north of the Piute decline.

It is recommended that ground magnetics and induced polarization be
run ovez" the Northern Walker Area to trace the exhalative horizon. Induced
pblarizat;ion should be run over the footwajl exhalative ho;-izon by the 712
and Piute Orebodies to test for sulphide content- and continuity. A mi se—a—
la-masse survey should be run over the North Piute area to test for continuity
of the exhalative in this area.

The soil samples collected in 1978 should be re-run for Au, T1 and a
full emisrsion spectrographic analysis conducted to see if there are any
geochemical trends developing that might lead to ore under the young volcanic
cover., In addition to the surface geochermlstry, the underground workings should
be mapped and samples collected to determine if metal zoning exists.

When targets are developed, core drilling of approximately 4000 feet is
recommended. This drilling should be divided between three separate targets,
the Northern Walker Area, the back exhalative horizon by the 7i2-Piute Qre-
bodies, and the back exhalative horizon by the Central-North Orebodies. Two

to three holes of 400 to 500 foot depth should be drilled in each target area.
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INTRODUCTION

LOCATION
The Walker Mine property is appraximately 80 miles by road northwest

of Reno, Nevada, in east—central Plumas County, California (Figure 1).

Access to the property is by a forest service road that leaves State Highway
70 at Portola and heads northwest towards recreation areaé at Lake Davis,
then oanward to the mine and beyond. The 25-mile distance from Portola to
the mine is about half paved. The other half, which is dirt and gravel, is
impassable by wheeled vehicles during the ;a:i.nt.er months.

Elevations range from 5,500 to 7,200 feet above sea level. Topography
is moderate,. i\{t. Ingalls, a praminent top.ographic feature, is two miles

east of the Walker Mine.

PROPERTY STATUS

. The Walker Mine property consists of 34 patented lode claims, 358 un-
patented federal lode claims, several patented mill sites, and a townsite.
Total acreage is appraximately 7,966 acres. The propef;by ﬁas optioned by
Letter Agreement from Amax April 1, 1978, and at which time, option pay-
ments, etc., were re—nelgotiated with the owners, Calicopia Corporation and

R. R. Barry (see land reports).

ENVIRCNMENTAL STUDIES

The Walker Mine property and tailings deposit have an unfortunate his-
tory as a significént contributor of pallution to Grizzlj‘ Creek. Toxic
waters from the mine and tailings are d‘égumeﬁtgd by state and federal
agencies as being a serious enviropmental problem.

In May 1978, Dawn Kaback, an environmental geochemist from Conoco's
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Ponca City office, visited the Walker Mine property to review and expand
the water quality monitoring program. Her comments are recorded in 2 memo

titled "Walker Mine Environmental Monitoring" dated June 7, 1978.

' PRIOR WORK

The Walker Mine was one of the largest copper producers in Plumas
County, yielding 163 million pounds of copper. The mine was operated almost
continuously from 1916 to 1941 by the International Smelting Company, a
subsidiary of the Anaconda Mining Company. During this time, the mine
produced a total of 5,045,800 tons of ore avéraging 1.5% Cu, 0.80 oz. Ag
and 0.04 oz. Au (Reith, 1972). |

Norandex conducted an exploration program on the property from 1969
to 1971 consisting of geologic mappiﬁg, geochemical and geophysical surveys
as well as drilling 11 diamond drill hales.

Amax Exploration Inc. acquired the property in 1976 and conducted ex-
ploratian activities during the summers of 1976 and 1977. Their work consisted
of regional geologic recamnaissance, detailed geologic mapping, claim sur-
veying, stream drainage and water quality sampling, whole rock geochemistry

and diamand drilling (Hursh, 1977).

CONOCO_EXPLORATION PROGRAM - 1978

INTRODUCTION

 The Conoco exploration program at the Walker Mine started in late 1977
'a'.n'd' continuved to the presént time. In December '1-977, Ron Long and Ray Threlkeld
visited the area and recommended acquiring the 'prdperty. |

Active field work began in June 1978 and consisted of re—establishing .

-6 -
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Norandex's survey grid, surveying céntrol lines between Norandex'y linoa,
and soil sampling at 200 foot intervals along the grid lines (Flgure 2).
Appraximately 900 soil samples were co]J.ecteci and analyzed for Cy, Pb, ang
Zn. Geologic mapping began in August and was concentrated on the Main
Walker Area (Flate 1). The mapping was at a scale of 1" = 200 and eon.
sisted of detailed cbservations of the mineralized zone angd Surrmmding Ary
In order to ascertain rock type, alteration, mineralization, and dograe of
metamorphism, 275 samples were collected fqr thin section examinat,im_ In
addition, both Norandex and Amax drill holes were re-logged and SAampley

taken for petrographic investigation. No regional mapping was complateg

during the 1978 program.

REGIONAL GEQLOGIC SETTING

The Walker Mine is located on the eastern margin of a camplax aeries
of northwest striking marine volecanic and sedimentary rocks that rangs P
pre-late Devonian to Jurassic in age (Figure 2). Two Paleozoic ang one
Mesozoic volcanic assem‘plages are present in this sequence (D'Allypg and
others, 1977). The oldest of the volcanic assemblages is Trepresentag by
the Upper Shoo Fly (SF), Sierra Buttes and Elwell (Ds), Taylor (Dt) ang
Lower Peale (Mpe) Formations (see Figure 2). This older volcanic ausemblage
was deposited an the Lower (SF) and Middle (SF 2) Shoo Fly basement rocks,
Separating the old Paleozoic volcanic assemblage fram the young Paleogaie
assemblage is a period of volcanic quiescence represented by cherta and
epiclastic sediments of the Upper Peale (Mpu) Formation. The young paeq
volcanic assemblage is represented by the Goodhue (Pg) and Reeve (pr) For-

mat:.ons. 0ver1y3.ng these volcanic rocks are sediments and limestaones of the

Arl:l.ngtan Formatian (Pra). The Arlington is overlain by a series of Juraggj /.

- -
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volcanic and sedimentary rocks. The Jurassic rocks are represented Sy the
submarine andesites of the Eettle Fomation. and the epiclastic sediments of
the -Trail Formation. It is believed that the Walker Mine is contained within
the andesites of the Kettle Formation. This northwest.strildng band of
Jurassic rocks is the host for the Plumas Copper Belt.

The Paleozaic-Mesozoic rocks of the northern Sierra Nevada can be
divided into three distinct structural blocks (see Figure 2), the Hough
Block, Genesee - Block, and the Kettle Rock Block (McMath, 1966, D'Allura
and others, 1977). All three of the structural blocks are bounded by north—
west striking faults. The Hough Block is thrust over the Genesee Block an
the Grizzly Mountain Fault and the Genesee Block is in turn thrust over the
Kettle Rock Block on the Taylorsville Thrust. The Walker Mine is in the
Jurassic rocks in the Kettle Rock Block which forms the lower plate of the

Taylorsville Thrust.

PROJECT GEQLOGY

The Walker Mine jis a volcanoéeﬁic sulphide system that occurs in a
thick sequence of intermediate to felsic submarine volcanic rocks that are
thought to be a part of the Jurassic Kettle Formation. The structural foot—
wall of the ore zane is a thick accumilation of andesitic to dacitic crystal
lithic tuffs. Scattered through these tuffs are irregular zones and lenses
of coarse. fragmental tuff of the same composition. Locally within these
intermediate tuffs thin zones of more felsic tuff occurs. East of the above
tuffs are two sub-parallel exhalative horizons that are separated by 100-300
feet of altered, intermediate pyroclastics. The exhalatives consist of
6 to 150 foot-thick zanes of chert and chert magnetite breccia. The eastern-

most of these exhalatives is the main Walker Mine Ore Zone. Immediately

-9 -
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east of the exhalative is a zane of felsic breccia tl'lat is thought to be a
vent breccia. East of the vent breccia is another zone of intermediate
pyroclastics similar to those in.the footwall. Within these rocks is a

zone of felsic tuffs that are similar to those in the footwall. Intruding
all of the above rocks is daeite porphyry which occurs as a large sill-like
mass east of the above rocks and as small dikes and sills throughout both
the hanging and footwall volcanic sequence. Intruding all of the Jurassic
rocks described above is a large body of Sierran granodiorite. Unconformably
overlying all of the rocks in the Walker Mine area are intercalated flows of
laharic breccia and basalt to dacite flows.

Within the main Walker Mine area the only stratigraphic marker is the
exhalite horizons. It is assumed that the rocks are right side up and the
stratigraphic top of the section is to the east. In the following sections
the rocks will be discussed from footwall to hanging wall, which should be

from oldest to the youngest.

FootwaJJ. Seauence

The footwall sequence of rocks consists of three dominant types, inter-
mediate pyroclastics, sericitic pyroclastics and dacite porphyry intrusive.
The J.ntermedlate pyroclastic rocks are the most abundant rock t.ype and contain
scattered lenses of the ser::.c:l.tlc pyroclastics in addition to dikes and sills
of dacite porphyry.

The intermediate pyroclastics (ip, Platel) are a series of sub-aqueous

lithic tuffs with scattered zcnes of tuff brecc:La aJ_'L of wha.ch are and351t1c

to dacite in compos:l.tlon. These l:LthJ.c tuffs are l:.ght gray to dark gray in

" calor (weather reddish brown), contain a well developed fohatlon, and are

moderately to strongly magnetic. Locally the abundance (up to 70%) and size |

-10 -
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(up to 20 cm) of the fragments increase to the pcint where’ fragments are
more abundant than matrix and the rock grades into tuff breccia. Closé
examination indicates the foliation consists of aligned elongate mafic clots
set in a very fine grained matrix of quartz and sericite. Randomly scattered
through the matrix are small (4 mm) grains of pink garnet and radiating
clusters (1 - 2 mm) of andalusite.

In thin section, these rocks are seen to consist of aligned phenocrysts
of plagioclase and hornblende that range from 0.5 to 5 mm in size. The
phenocrysts range in shape from euhedral to angular broken portions of
ofigina]ly euhedral crystals; The total number of phenocrysts ranges from
5 to 60 percent of the rock with roughly equal proportions of plagioclase

and hornblende, although locally one or the other may be dominant. These

. phenocrysts are no longer primary hormblende and plagioclase, they are the

metamorphic equivalent of the alteration products of these minerals. The
plagioclase 1s pseudomorphed by two assemblages, one consists entirely of
seﬁdte and the other is an equal mixture of sericite and quartz. The
hornblende phenocrysts are pseudomorphed predaminantly by a 't;iotite + magnetite
assemblage but assemblages of biotite, biotite + magnetite + cordierite,
biotite + quartz, magnetite + quartz, magnetite + quartz + sericite, mag-
netite + ;ericite, garnet + magnetite + biotite, and garnmet + sericite +
magnetite + biotite exist. These variocus pseudomorphing assemblages are
thought to represent variations in alteration prior to metamorphism but this
is not very we:_lj_ understood at this time. The lithic fragments, when present,
consist of an intergrown mass of biot.ite. and magnetite with minor amounts of
schorl. The schorl occurs in the fragments or in the matrix as a halo around

the fragments. The matrix of the intermediate pyroclastics consists dominantly
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of quartz, sericite and biotite with lesser amounts of magnetite, garmet,
ancialusite, schorl, cordierite and green spinel (gakmite/hercyzﬁte). The
quartz grains intersect at triple points, this is indicative of thermal
recrystallization. Sericite and biot.it-e occur randomly through the matrix
interstitial to the quartz and seem to show an antithetic relatiomship to
each other. Small disseminated grains of magnetite are scattered throughout

the rocks.

The sericitic pyroclastics (sp, Plate 1) occur as pods and lenses con—

tained within the intermediate pyrbclastics discussed ablove. There are two
main areas where these rocks crop-out, Transverse Ridge and West Ridge (see
Plate 1). The sericitic pyroclastics are buff to light gray in color, (weather
reddish brown) and are generally fine grained with a'pmdant relict feldspar
phenocrysts. Scattered throughA the rocks are a.nﬁnoi; amount (=5%) of horn-
blende phenocrysts. In general these rocks are well foliated with all the
phenocrysts aligned. In thin section sericite (60 - 70%) and quartz (20 ~ 30%)
are dominant minerals with magnetite, biotif.e, chlorite, schorl, garnet and
andalusite coamprising the remainder of the rocks. About 30 - 40% of the rock
is made up of broken tq euhedral plagioclase crystals 1 — 3 mm in length

that are pseudomorphed b.y massive sericite. About 1 ~ 5% of the rock is made
up of hornblende crystals that are pseudomorphed by sericite and magnetite
with minor biotite and chlorite. Occasionally a recrystallized quartz pheno—
cryst may be present. The matrix is very fine grained (.03 - .1 mm) and
consists predominantly of recrystallized quartz and sericite :|.n equal pro—
portians. Scattered through the matrix a.ré grainé of magne{.ite and ‘sc.horl

and porphyroblastic garnet and andalusite. - |

In general, the sericitic pyroclastics contain a better de:veloped foliation




and are more sericitic than the intermediate pyroclastics. - This is probably
due to the fact that the sericitic pyroclastics are somewhat more felsic
than the intermediate pyroclastics and are probably dacitic to rhyodacitic

in composition.

Exhalative Horizons

Surface mapping indicates two exhalative zanes west of the Norﬁh and
Central shafts and south of the Piute decline (Figure 1). Rocks in these
zones are expressed by 10 to 200 foot wide zones of chert and chert mag-
netite breccia with barite and dispersed sulphides. The strike of the two
units varies from N 20° - 30° W to N 20° E. The dip, as indicated from drill
holes and surface exposures, is about ’?OO E in the south, f:l.attening to 350 -
L|.O° E in the north. The easternmost horizon is the main Walker Mine ore zone
and indications from both drill and underground intersectioms are that it is
continuous but pinches down in two dimensions to very narrow widths. The back
interval, or footwall zone, just recoghized, appears thin (10 - 30- feet) but
is anomalou.s in copper and gold. The two exhalative horizons are separated
by highly altered intermediate pyroclastic rocks that will be discussed in
the alteration section of this report.

¥Within the mair; Walker Mine ore zone a crude zonation of the exhalative
may be pfesent., as seen in the Piute Orebody (the only Orebody examined under-
ground to date). Along the footwall of the exhalative is a thin zc:né (2 -15
feet) of chert-magnetite breccia. This zone is marked by angular fragments of
chert that are cemented by magnetite and minor pyrite, pyrrhotite and chal-
copyrite. Overlying the chert-magnetite breccia is a massive zone of chert
that rangeé in thickness from 10 to 200 feet. Interpersed through the chert are

;:,—'-.7.‘_‘ pods and bands of magnetite, barite, pyrite, pyrrhotite and chalcopyrite.

. . ' Lo . . Lo
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Locally the sulphide minerals may form thin (1 - 2 foot-thick) pods of

massive sulphide ore in a banded chert-magnetite host. Occasionally the

massive chert becomes fragmental with chert fragments cemented by barite.

Within the exhalative, magnetite is the most abundent mineral (5 - 30%)
present, and barite (5 — 10%) exceeds pyrite which exceeds pyrrhotite which
exceeds chalcopyrite. Other sulphide minerals reported to be present are
tetrahedrite and cubanite (Hursh; 1977). Within 30 - 50 feet of the surface,
the exhalative exhibits supergene enrichment with chalcocite as veins and
coatings on pyrite and chalcopyrite grains. Barite may also zone across the
exhalative horizon, it appears to be more abundant (10 — 15%) in the exhala—
tive next to the hangingwall contact in the large glory hole at Line L;/S X

300 E. T

Hangingwall Sequence

The hang:l_ngwall sequence of rocks cons:.sts predominantly of inter-
mediate pyroclast:.cs s:r.m:Llar to those in the footwa.ll w:.th interbedded zones
of felsic fragmental, arkosic wacke and sericitic pyroclastics (see Plate 1).

Immediately e#st of the exhalaﬁive horizon along i:i.nes 10, 12, 14 and 16,

south and from 100 to 300 W is a lense of arkosic wacke (S, Plate 1). The

arkosic wacke cbtains az maximum thickness of 30 - L0 feet and laterally
pinches oﬁt over a distance of about 500 feet. The arkosic wacke is a
crudely iayeréd rock with‘th:in alternating biotite rich bands that are dis-
tinct from sericit.e rich ba.nds. ‘ Abundant angular quartz gra:l.ns and plagio-
clase gra:;.ns t.hat. are pseudomorphed by ser:Lclt.e are present throughout.
Small 1ithic fragments and scattered amphibale clasts comprise the remainder
of the coarse fraction of the rock. The coarse material is set in a fine

grained matrix of dominantly quartz and sericite with lessor amounts of
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magnetite, garnet, chlorite, apatite and towrmaline. Porphyroblastic
andalusite is abundant throughout these rocks and locally comprises as
much as 25 percent of the rock. .

Occurring west of the baseline (21/S = 29/S x 300d) on the crest of

Traensverse Ridge is a zone of felsic fragmental (ff, Plate 1). This frag-

mental unit attains a meximum thickness of about 150 feet along line 26/5
and pinches out 500 feet north and 300 feet south of this point. Within this
thickest portion, the average fragment size is 10 em with fragments to 30 em.
Both north and socuth, the average fragment size decreases to 5 cm with
fragments to 15 cm. The fragments are a fine grained, foliated, sericite
rich volcanic that is thought to be rhyclitic in composition. Barite as
veins-and clasts occurs throughout the fragmental unit. The felsic frag-
mental unit is believed to represeﬁt a period of__explosive rhyolitic
volcanism which acccmpar;ied mineralization. |

East of the above, a large lense-like mass of sericitic pyroclasties

(sp, Plate 1) crops out. These sericitic pyroclastics are identical to those
described in the i‘éotwall section and are probably dacitic to rhyodacitic
in composition. This lense-like mass reaches a maximum thickness of 300
feet along line 22/S.

The arkosic wacke, felsic fragmental and sericitic pyroclastics are

interbeddéd in intermediate pyroclastics identical to those in the footwall.

These rocks contain abundant plagioclase and hormblende crystals and lithic
fragments and probably represent renewed andesitic valcanism from the same

source as that of the footwall rocks.

Intrusive Rocks

Intruding both the hangingwall and footwall sequences are a series of
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dikes and sills of dacite porphyry (dp, Plate 1). The main intrusive mass

is a large sill-like body occurring east of the baseline between lines 10/S
and 52/5 that is roughly parallel to the foliation of the volcanies that it
intrudes. This sill has a few dikes that project away from the main mass
into the volcanics. Scattered through the footwall rocks along West Ridge
are a series of small dikes of dacite porphyry. In the field the dacite
porphyry is medium to dark gray in color, contains abundant millimeter
sized phenocrysts of white albite and clots and fracture coatings of epidote.
About 4O% of the rock consists of albitized plagioclase phenocrysts and
glomercporphyritic clusters of albite phenocrysts up to 5 mm across. An
additicnal 20% consists of microlitic fine grained albite in the matrix.
Primary phenocrystic hornblende or pyroxene constitutes 5 to 10% of the rock
and is pseudomorphed by epidote, chiorite, bioctite and.actinolite. The
feldspar and mafic phenocrysts are set in a very fine grained matrix of
actinclite, biotite and magnetite. The dacite porphyry has undergone the
same degree of thermal metamorphism as the pyroclastic rocks it intrudes

end is believed to be part of the same period of volcanism that formed these
pyroclastic rocks.

Intruding all of the above rocks is a large body of augite-hornblende-

biotite quartz diorite that is part of the Sierran Batholithic Complex. The

intrusive rocks occur south of the main Walker Mine area (Plate 1) where they
intrude the Scuth Orebody and are covered by Tertiary volcanic rocks. It is
believed that the batholithic rocks are the causitive agent for the strong

thermal metamorphism in the Walker area.

Tertiary Volcanic Rocks

The pre-Tertiary volcanic rocks that host the Walker Mine Mineralization
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are exposed in a semicircular window in Tertiary valcamic rocks (Tv, Plate 1).
The Tertiary volcanics were not differentiated during field mapping but two
separate units were noted. The first of these is a sequence of andesitic
laharic breccia with intercalated f_‘l_ows of basalt, andesite and dacite.

This it forms the majority of the volcanic cover in the Walker area. The
second unit is an olivine_-basalt flow with well developed columnar jointing
that crops out on the south side of Dollie Creek by the cld Walker Townsite.
McMath (1952) believes that these two units are the Bonta Formation of

Miocene age and the Warner Basalt of Piocene age respectiwvely.

St.ruc‘l'.ure of the Main Walker Area

The structure present in the Main Walker Mine Area consists of foliation
in the pj'roclastic rocks, shearing, and minor faulting. The foliation con-~
sistantly strikes from N 20° W to ¥ 40° W and dips from 60° to 80° E. The
foliation consists of aligned and stretched phenocrysts and mafic fragments
in the pyroci.la.stics. Two small faults are present by the Central Orebody.
The first of these is a N 500 E striking structure that offsets the main
exhalative 100 feet in an apparent left lateral sense. The second fault
is a N 20° W striking structure that may down drop the Tertiary volcanic
rocks against the pre-Tertiary valcamics. A third fault, N 60° W, may be
present between the 712 and Piute Orebodies. This fault would account for
the linear stream drainage in the area and also the change of dip rbetween
the 712 (65° E) and the Piute (35 - 1,5° E) Orebodies. Along Transverse
Ridge and by the North Orebody (Plate 2) is an abundance of small shear zanes
with a bleached sericitic halo around them. These shear zomes can be grouped
into two main groupings, N 20° - 40° W with a steep NE dip and N 20° - 40° E

with steep NW or SE dips. These shears are thought to represent fractures
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that fluids moved through at the time of ore deposition.

Metamorphism

The Jurassic rocks in the Walker Mine area (Plate 1) have all under-
gone a medium grade tﬁermal metamorphism that is probably related to the
emplacement of the Sierran Batholith. This metamorphic event is marked by
a temperature range of 5000 - 550° and a pressure range of 1 - 2 kilobars
{Figure 3). These P-T conditions give rise to two different metamorphic
assemblages that are controlled by pre-metamorphic lithology.

The pyroclastic rocks (ip, sp, ff, Plate 1) and the arkosic wacke
(s, Platerl) give rise to a typical pelitic metamorphic assemblage. These
rocks belong to the cordierite - almandine zone of the lower amphibalite
facies (Figure 4). This is shown Ey the presence of a écrdierite, alman—
dine, andalusite, biotite and muscovite assemblage. These minerals generally
occur as a blastoporphyritic assemblage that mimicks the relict pre-
metamorphic volcanic textures. In general, the metamorphic minerals
pseudomorph the relict volcanic minerals, feldspar and hornmblende. Garnet,
cordierite and andalusite are the only porphycblastic minerals present.

The andalusite is of particular interest because it shows "bow tie" radiating
clusters indicative of low confining pressures during crystallization. When-
ever quartz is present, it is always recrystallized into polygenal mosalcs
that intersect at triple points.

The dacite porphyry;dikes show a similar metamorphic grade but a totally
different metamorphic assemblage. These roéks belong to the albite/bligoclase—'
hornblende-biotite zone of the Amphibolite Facies (Figure 5). The dacite
porphyry consists predominantly of albite, hornblende, clinozoisite and

biotite with lesser amounts of sphene, quartz, sericite, magnetite and
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Figure _4 __ Mineral associations in the
Cordierite— Almandine zone of the
Medium Amphibolite Focies. After Winkler, 1976.
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and carbonate. Blastoporphyritic textures where the original volcanic
textures are mimicked by the metamorphic, minerals are abundant throughout.
The plagioclase has been converted to albite, clinozoisite and carbonate and
the amphibole /pyraxene phenocrysts are metamorphosed to horﬁblende, biotite,
clinozoisite, sphene and magnetite. The matrixof these rocks is a fine
grained mixture of hornblende, biotite, clinozoisite, quartz, magnetite and

sericite.

Alteration
The host rocks for the Walker Mine mineralization show a w'eJ_'L developed

zonation of metamorphic minerals that directly reflects the original
alteration mineralogy. The ‘zonation was determined by examination of 275
thin sections and plotting and contouring of the percentage of constituent
minerals pfesen‘b. Thin sections from the dacite porphyry were not used in
the alteration zanation study because they are believed to postdate mineral-
ization. The original alteration mineralogy was masked by the amphibolite
gfade metamorphism, but .it can be determined by working backward through the
métamorphic reactians.

| Magnetite is ubiquitous throughout the hangingwall, footwall and ex—
halative horizans in the Walker area. Several areas (Plate 3) where the
magnetite content exceeds 10 percent are present and appear to be related
to alteration. These areas are alang West Ridge, Transverse Ridge, by the
Central Orebody and by the 712 Orebody. The magnetite is thought to
represent an area of f‘e metas onatism.

Bictite (Plate .’.;) has roughly the same general zenation pattern as

magnetite. The biotite follows the exhalative horizons very well and is




concentrated in both hangingwall and footwall as well as between the
horizons. Biotite occurs along West Ridge in increased quantity and as a
zone trending roughly N 60° -~ 80° W that starts at the Central Orebody
and heads for the western end of Transverse Ridge. The biotite probably
formed by the addition of k' to chlorite through K" metasomatism.

Cordierite (Plate 5) follows biotite and magnetite and éccurs along
West and Transverse Ridges in addition to the Central and North Orebody
areas. Due to x-ray diffraction and whole rock chemistry in the Transverse
Ridge area, it is thought that the cordierite is an iron rich variety. In
order tori‘orm cordierite, iron and aluminum in the presence of excess quartz
is needed. The formation of cordierite can be expressed by the following
reaction: 4 Quartz + 1 Kaolinite + 1 Chlorite s 2 Cordierite.

Garnet (Plate 6) closely mimicks magnetite, biotite and cordierite

in its zonal pattern. It is believed that the garnet is almandine in

-composition and therefore, needs excess iron and aluminum to form. A dis-

tinect N 30° - I+O° E striking zone of garnet occurs along the northeast partion
of West Ridge and closely follows similar zanes of cordierite, biotite and
magnetite. Garnet forms a broad (700 - 1100 feet) zone that occurs in both
hangingwall and footwall rocks along the exhalative horizons from the
Central to the Piute Orebodies.

Andalusite (Plate 7) occurs along Transverse Ridge, West Ridge, the
exhalative horizons and as a N 70° — 80° W striking zone from the Central
Orebody towards Transverse Ridge. Andalusite probably formed from a two
step process in which plagioclase was. altered to kaolinite, the latter then
metamorphosed to andalusite by the following reactions:

J plagioclase + 24 H,0-3 kaclinite + 8 quartz + 12 H,0 + 4 A" +
L Ca+ and 1 kaol:i__nige-v 1 andalusite + 1 quartz
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These reactions start with a plagioclase of about An 50 which is that of a
typical andesitic volcanic.

Sericite (Plate 8) shows an antithetic relatiomship to all of the
above minerals. The sericite occurs as a halo around Transverse Ridgé and
the exhalative horizons. Sericite forms from the alteration of plagioclase
by the following reaction:

2 plagioclase + ox* + 4 H20->1 ser;i.cite + 4 quartz + 2 Nat 4+ 202t
"+ 2H.0

2
The sericite is stable through the metamorphism with only recrystallization
to a coarser grain size. '

Quartz (Plate 9) seems to follow sericite to some extent and also shows
an antithetic relationship to cordierite, biotite, andalusite, garnet and
magnetite. The zanes of the highest quartz concentration occur as a halo
around Transverse Ridge and to the west of the exhalite horizons. The
reason for quartz and sericite going togefher is explajnéd by the alteration
of plagioclase to sericite releasing‘ quartz as shown by i‘.he reaction described

gbove.

The Mafic:Felsic Ratio (Plate 10)is a method of summing up the

v;arious metamorphic products of the original ait.eration mineralogy. This
was done by taking the total percent mafic minerals and dividing by the
total percent felsic minerals and then multiplying by 100 to obtain a whole
number. In areas where the Mafic:Felsic ratio is greater than 100, at
least 50 percent or more of the rock is mafic components and in arees
where_it is iess than 25, then 20 percent or-less of the rock is mafic
minerals. The areas .alozng Transverse and West Ridges and along the ex—
halite horizons and the N 70° - 80° W zone by the Central Orebody contain

a marked increase of mafic minerals.
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The sericitized shear zones (Plate 2) discussed under the "Structure®
section show a close relationship to the altered zanes discussed above.
There is an sbundance of these shears on Transverse and West Ridges and
along the exhalite horizon by the North Orebody.

A1l of t.hé zonal patterns of the metamorphic equivalents of the
alteration products can be related to the deposition of the Walker Mine
volcanogenic mineralization. A central pipe-like zone alcng Transverse
Ridge represents peripheral alteration above a feeder zone. The metamorphic
equivalent of the central "pipe"™ alteratiaon is magnetite, biotite, cordierite,
garnet and andalusite. This assemblage represents the presence of high ironm,
aluminum and possibly potassium. The andesitic pyroclastics were kaolinized
and chloritized prior to metamorphism. The potassium needed to form biotite
during metamorphism may have come from the primary hornmblende or as.a meta-

somatic product during alteration. This type of alteration also occurs

.along the exhalative horizons north and socuth of Transverse Ridge. In the

area of West Ridger and west of the Central Orebody, are lenticular areas

of alteration identical to those along Transverse Ridge. These areas were
probably fault or fracture zones through which mineralizing solutions passed
and may have actually been vents for mineralization. 'I.T;e zone by the Central
Orebody wa.s probably a feeder for the South and Central Ore'r;odies and the
altered zme along West Ridge represents a feeder for the North Piute area.
These orebodies are proximal to their feeder socurce but distal to Trans—
verse Ridge which was probably the main vent area for the pyroclastics. The
North and 712 Orebodies were probably formed on the side of this main vent

and are praximal ‘orebodies with respect to Transverse Ridge.
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Surrounding the Fe-Al-X alteration zanes are areas where sericitization
was prominant. 'ihe sericitized zones have a low mafic content and may
actually represent areas where iron and magnesium was leached.

The apparent lack of a classic magnesium chlorite “pipe“rcan be
explained by the lithology of the wall rocks. The fluids that passed up-
ward through the vent were probably enriched in magnesium but found no
receptive rocks to alter. The wall rocks were all andesitic~dacitic in
compesition and relatively high in MgO and were probably in equilibrium
with the fluids in respect to Mg0, so no Mg alteration developed.

There are no Na or Ca bearing minerals present in any thin sectians
examined from the Walker Mine property. This suggests that there was

strong alkali leaching accompanying the alteration and minetralization.

Scil Geochemistry

Appraximately 900 soil samples were collected over a grid an a 200
foot by 200 foot pattern and analyzed for Cu, Pb, and Zn. All soil samples
were collected from the "B" horizon and where soil samples could not be
taken, rock chip samples were collected.

No anomalous lead was detected in any of the soil samples. A nearly
continuous band of high zﬁ.nc values occurs in a semi-circular band around
the main Walker Mine Zone (Plate 12) that correlates with the first out-
crops of the overlying Tertiary volca.nicr rocks. ‘There appears to be a zinc
anomaly over the exhalative horizons by the Central and North Qrebodies.
This anomaly is not cont:inuou;s'thrmigh to the 712 and Piute area. There
are scme scattered snomalies in _the‘ﬁe'st.Ridge area that are not well

understood at this time. These anomallies may be related to the presence
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of a zinc bearing spinel or to zine incorporated into the lattice of
magnetite.
Four prominent copper anomalies are present with values ranging from

710 ppm to0 0.6G%. ALl four of these amomalies correspond to ocutcropping

exhalative horizoms (Plate 13).

Mine Clean-ip

In August, 1978, Mr. Tex Tate of Ponderosa Mining and Development, was
hired to re—open and clean-up the Walker Mine. This operation consisted
of re-timbering the adit and mucking through a caved—in area. After many
delays, the main haulage level was finally opened in late November. At
this time, Mr. Tate too}c his equipment and .left for the winter.

Mr. Jan Donato, a Portola contractor, has been deing general mine

clean-up since fall of 1978. This work consisted of construction of a

‘settling pond, building a storage shed over the portal, reconditioming the

flume system and a minor amount of underground work. The underground work
consisted of re-timbering areas where timbers have broken since Mr. Tate
finished his work and re-building portions of the flume inside the mine.
The flume system is set up to handle a very large flow of water and hope-

fully will help control the heavy spring run-off.

Envircnmental Program

The Walker Mine has the unfortunate problem of having an acid mine

discha;rge that exceeds the California pollution standards for Cu, Zn, Fe

and Al. A sampling program was established to monitor the pollution in the

mine effluent and its effect on Dollie, Little Grizzly and Indian Creeks.

Water samples were collected monthly from May through November. The
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sample sites ranged from abowve the mine influence on Dollie and Little

Grizzly Creeks to 20 miles downstream from the mine on Indian Creek. A

s
!

more detailed sampling program involving stream sediment sampling, filtration

of water samples in the field, and experimentation designed to remove Cu

[

and Zn from the mine water were conducted in June by Dawn Kaback, an en—

-I
i

vircnmental geochemist from Ponco City. For more detailed information

about the environmenial program, the writer refers you to an interoffice

commmnication from Dawn Kaback to Gordon Pine dated September 18, 1978

entitle "Environmental Program at Walker Minet,
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