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L Sample J-91-15 91.0 m Pine Ankeritic Andesite Tuff (Unit 1/2A.cb): 

C 

Early Ankerite-Quartz-Pyrite Veins: 
Late Ankerite-(Quartz) Veins 

Minor relic grains of plagioclase averaging 0.05-0.1 mm in‘size 

C 

are set in a well foliated groundmass dominated by,secicite with less 
abundant plagioclase, chlorite and opaque. Ankerite (20%) forms 
irregular patches and replacement lenses parallel to foliation. 

t 
TWO early veins up to 2 mm wide parallel to foliation are 

dominated by ankerite. pyrite and quartz. Quartz commonly is 

c 

recrystallized in comb-textured aggregates against pyrite grains. 

A late vein up to 2.5 mm wide and a few small veinlets up to 0.2 
mm wide are of very fine to fine grained ankerite with much less 

[ 

quartz. These are truncated or offset slightly along foliation, 
suggesting that later movement occurred along shear zones along the 
muscovite-rich layers. 

Sample J-91-15 157.3 m Carbonate Altered Fine Latite Tuff 
(Unit 2B.cbI: Ankerite Replacement Patches and 
Lenses; Calcite Veinlets 
(Note: no offcut block) 

The largest fragments is of strongly altered porphyritic 
andesite. It contains 5-7% phenocrysts of plagioclase from 0.3-l mm in 
size altered completely to ankerite, l-28 hornblende phenocrysts 
altered to pale yellow chlorite-ankerite, and a few euhedral grains of 
apatite up to 0.12 mm long. The groundmass is an extremely fine 
grained aggregate of plagioclase altered moderately to strongly to 
ankerite, with wispy patches and seams dominated by sericite. 

Several fragments up to 2 mm long are dominated by 
extremely fine grained chlorite oriented parallel to foliation. some 
of these contain lensy inclusions of chlorite-opaque and of sericite 
oriented parallel to foliation. Textures in some suggest that they 
represent original pumice fragments. 

one fragment 2 mm long is of carbonaceous argillite. 

One layer about 1 mm wide contains moderately abundant fragments 
of quart2 averaging 0.1-0.5 mm in size. 

Minor original plagioclase crystals? averaging 0.3-1 mm in size 
are replaced completely by very fine to fine grained aggregates of 
ankerite. 

c 
The groundmass is dominated by extremely fine grained 

plagioclase altered strongly to ankerite, and sericite-rich seams and 
lenses parallel to foliation. pyrite (0.3%) forms disseminated grains 

r averaging 0.05-0.1 mm in size, and a few lenses up to 0.3 mm long. 

A few patches up to a few mm across are replaced by very fine to 
fine grained ankerite. 

Late veinlets up to 0.15 mm wide of calcite cut the foliation and 
the ankerite-alteration patches at a high angle. 

. 



Sample J-91-15 162-6 m Pebbly Siltstone (Unit 7K/L.SY,zu) 

The large fragment is of hypabyssal quartz diorite dominated by 
plagioclase with interstitial quartz. Plagioclase is altered 
slightly to patches of ankerite. Pyrite is common in a veinlike lens 
along one side of the large fragment; it forms subhedral to euhedral 
grains averaging 0.05-0.15 mm in size. Another fragment 1.7 mm 
across is of medium grained leucocratic diorite, in which plagioclase 
is altered moderately to sericite. 

One fragment 4 mm long is of cherty quartz. 
One fragment 2.5 mm across is of extremely fine grained latite, 

in which plagioclase is altered slightly to moderately to sericite. 
One fragment 1.7 mm across is of slightly porphyritic latite. 
One elongate fragment 1.7 mm long is of carbonaceous argillite 

containing abundant opaque. 
Several fragments form 0.3-0.7 mm in size are of quartz or 

plagioclase aggregates and single grains. MOSt fragments are from 
0.07-0.2 mm in size and are dominated by single grains of quartz and 
plagioclase. 

The groundmass is dominated by sericite with minor wispy seams of 
Ti-oxide/opaque. Foliation is warped moderately to strongly in small. 
folds. 

A few tension fractures up to a few mm long and 2 mm across 
are of undeformed, fine grained quartz and minor ankerite. 

Sample J-91-16 129.15 m Amygdaloidal Andesite Plow (Onit 1/2GaK); 
Quartz-Pyrite-Ankerite Replacement Patches and Veinlets 

The rock is an extremely fine grained andesite flow containing a 
very few phenocrysts of plagioclase up to 0.5 mm in size and , minor 
lathy plagioclase grains averaging 0.03-0.05 mm in size in a 
groundmass of equant plagioclase and much less ankerite and chlorite, 
and minor opaque. A light yellow stain-on the offcut block suggests 
moderate K-feldspar in the groundmass. 

Amygdules (20%) average 0.3-1.5 mm in size and are of two main 
types, one dominated by extremely fine grained sericite with a 
thin rim of chlorite, and the other of single grains of calcite with 
commonly a thin rim of sericite. A few sericite-rich amygdules have a 
rim of very fine grained quartz. 

Replacement patches and veinlets (8-10%) are of extremely 
fine to fine grained quartz, pyrite, and calcite. Interstitial to 
pyrite grains quartz was recrystallized to comb-textured aggregates. 
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Sample J-91-17 73.5 n Conglomerate (Unit 7l4.7Ku.9Xu.7NeIu.7J) 

One fragment up to 2 mm across is of a moderately foliated, 
metamorphosed siltstone with patches and lenses of plagioclase and 
quartz (after original detrital grains?) surrounded by extremely fine 
grained sericite, which is slightly to moderately concentrated in 
subparallel seams. 

One fragment several mm across and a few much smaller ones are 
of hypabyssal, leucocratic quartz diorite dominated by fine to very 
fine grained plagioclase with interstitial quartz. The larger 
fragment contains irregular patches and seams of extremely fine 
grained rock, whose texture suggests that it was formed by cataclastic 
deformation and granulation of the coarser grained rock. 

One fragment of cherty silica has an unusual texture, with 
elongate (up to 0.4 mm ) and spheroidal (up to 0.1 mm) patches 
(fossils?) of clear cherty silica, enclosed in a groundmass of CheKty 
silica with moderately abundant dusty opaque inclusions. It is cut by 
a few ankerite veinlets. 

One dark grey fragment up to ~1 cm long is of argillite containing 
50% ankerite and cut by a veinlet up to 0.2 mm wide of chlorite. 

Several fragments up to 2 mm long are aggregates of fine to 
medium grained vein quartz, which were recrystallized to an 
interlocking aggregate of very fine to fine subgrains. 

One fragment 2.5 mm long is of plagioclase-rich mudstone with 
much less sericite. A few fragments up to 1 mm long are of 
sericite-rich mudstone. 

One fragment 1.7 mm across is of a slightly porphyritic, 
hypabyssal latite dominated by plagioclase. 

Smaller fragments averaging 0.5-l mm in size are dominated by 
single grains of quartz and of plagioclase. 

The groundmass is dominated by extremely fine grained plagioclase 
and sericite, moderately replaced by very fine grained ankerite. 

Sample J-91-17 89.6 III Andesite Lapilli Tuff (Unit Z/lD.lGu) 

Fragments up to 2 cm in size are dominated by non-porphyritic to 
slightly porphyritic andesite to basaltic andesite flows, generally 
containing plagioclase laths in an aphanitic groundmass. Plagioclase 
phenocrysts in some are replaced moderately to strongly by ankerite. 

Several, commonly elongate fragments from 0.7-1.7 mm in size 
contain ellipsoidal lenses of chlorite, suggesting that they are 
pumice. 

A few elongate fragments up to 1.7 mm long are of argillite. 
A few elongate fragments of uncertain origin are aphanitic and 

contain abundant opaque: they may be a basaltic tuff. 
Most smaller fragments are of a variety of andesite flows and 

tuffs. Plagioclase forms a few grains up to 0.4 mm across. Quartz 
forms a few grains up to 0.2 mm in size. 

~The groundmass (15%) contains patches of cherty silica which 
contain cuspate to irregular patches of chlorite (0.5%). A few larger 
chlorite patches contain cores of cherty, Strongly interlocking 
quartz. A few other interstitial patches up to 1 mm in size are of 
similar cherty quartz. Ankerite (4-5%) forms fine to coarse grained 
patches up to 2.5 mm in size. 

Minor wispy veinlets are of cherty quartz as in the cores of 
interstitial patches in the groundmass. 

_ ~~_ ~_- ..~ 



Sample J-91-149-8 m Andesite/Latite Lapilli Tuff 
(~/~D~~/~GKu.~/~GK~u.~Gu): Replacement Patches 
of Quartz-(Ankerite-Pyrite-Chlorite) 

several slightly porphyritic andesite fragments contain minor 
plagioclase phenocrysts up to 0.5 mm in size in a groundmass which 
ranges between fragments from extremely fine to very fine grained. 
K-feldspar is common in the groundmass of most. One fragment is 
amygdaloidal, with equant to elongate amygdules up to 2 mm in size 
dominated by cores of quartz with patches of very fine grained 
chlorite and minor sericite concentrated mainly along borders. 

one large latite(?f fragment contains a few phenocrysts of 
plagioclase and abundant tiny amygdules 0.05-8.2 mm in size of cherty 
quartz in a slightly devitrified volcanic glass groundmass. 

Several fragments up to several mm across are of aphanitic 
trachy-latite with scattered K-feldspar phenocrysts up to 0.5 mm 
across and abundant dusty to extremely fine grained opaque. 

The groundmass is dominated by extremely fine grained plagioclase 
with scattered patches of extremely fine grained sericite up to 1 mm 
in size, and minor cuspate patches of chlorite averaging 0.1-0.2 mm in 
size. 

Replacement patches (10-154) are dominated by fine to 
medium grained quartz, which was recrystallized strongly in patches to 
much finer grained aggregates, in part with a strongly preferred 
orientation. Ankerite is concentrated in a few patches of Very fine 
to medium grains. Pyrite forms a few patches up to 1.3 mm in size. 
Chlorite forms minor patches of very fine grains. 

Sample J-91-17 172.8 m Amygdaloidal Potassic Andesite Lapilli Tuff 
(Onit 2CK.2GaU) 

Diffuse fragments are mainly of aphanitic, amygdaloidal potassic 
andesite dominated by equant plagioclase grains averaging 0.01 mm in 
size set in a groundmass of chlorite, plagioclase, and K-feldspar, 
with minor pyrite. 

Irregular amygdules (8-10%) generally have a thin rim of 
plagioclase or quartz and a core of chlorite. A few have a core of 
coarser grained quartz inside the zone of chlorite. 

The groundmass is in part difficult to distinguish from the 
fragments. It contains more plagioclase and less chlorite than the 
fragments. K-feldspar is concentrated in some fragments, but 
elsewhere in the rock its distribution between fragments and 
groundmass is unclear. pyrite-forms scattered grains averaging 
0.1-0.2 mm in size, and much more abundant ones averaging 0.02-0.03 mm 
in size. 

Dark orange-brown sphalerite (0.1%) forms an irregular patch 0.5 
mm across and a few smaller ones in one fragment of andesite. 



















































Sample J-91-18 76.1 m Andesite Lapilli Tuff (Unit ZD.ZGu): 
Replacement Patches of Quartz-Chlorite-Calcite-Pyrite 

Fragments are mainly of aphanitic to very fine grained andesite 
Flows commonly containing lathy plagioclase up to 0.1 mm long an 
aphanftic groundmass of plagioclase and chlorite. Pyrite forms 
disseminated clusters up to 0.5 mm in size. 

Replacement patches contain: coarse grained quartz (17-20%), 
calcite (3-4%), and pyrite (l-2%): patches of very fine grained 
chlorite (10-12%); very fine to medium grained intergrbwths Of 
K-feldspar (4-5%) and quartz, and scattered grains of apatite up to 
0.4 mm across. 

Sample J-91-18-77.3 m Contact: Very Amygdaloidal Basaltic Andesite 
(Unit 1Ga). Argillite (Unit 7Je7J/3Au.3Cu) 

The amygdaloidal basaltic andesite contains lathy plagioclase 
grains up to 0.03 mm long in an aphanitic groundmass containing 
abundant semiopaque and opaque. It contains very abundant (50%) 
amygdules dominated by zeolite(?), carbonate, chlorite, and 
quartz. A few contain patches of sphalerite intergrown with chlorite 
and cherty quartz, mainly in cOres, and others contain patches of 
subhedral to euhedral pyrite. 

The argillite is dominated by sericite and chlorite, with 
moderately abundant dusty to extremely fine grained opaque, 
commonly concentrated in wispy seams parallel to foliation. Pyrite 
(S-7%) forms dense lenses and patches up to 0.5 mm wide commonly 
oriented parallel to foliation. Fragments up to a few mm long are 
dominated by sericite/muscovite without opaque. Some of these contain 
abundant tiny lenses of chlorite parallel to foliation; the texture 
suggests that the fragments are altered pumice. 

Quartz forms minor detrital grains up to 0.07 mm in size. 

wispy seams of opaque parallel to foliation in the argillite may 
represent zones of later shearing parallel to foliation. 



Sample J-91-18 89.8 m Brecciated Latite/Trachy-latite Plow 
(Unit 4/5Gf); Matrix of Quartz-Calcite-Pyrite-chlorite 

The fragments (65%) are of a few textural types of 
latite to trachy-latite, and possibly potassic-altered andesite. A 
few contain phenocrysts of K-feldspar up to 1 mm in size. Some 
phenocrysts (plagioclase or K-feldspar) are replaced partly by 
interlocking intecgrowths of K-feldspar and quartz. The groundmass is 
very fine to extremely fine grained plagioclase and K-feldspar, with 
much less abundant disseminated patches Of chlorite (possibly after 
hornblende) and opaque (pyrite). 

A few fragments are dominated by lathy plagioclase averaging 
0.07-0.12 mm long in subparallel orientation defining a flow- 
foliation. These contain interstitial R-feldspar and chlorite, minor 
prismatic apatite crystals up to 0.12 mm long and equant grains up to 
0.1 mm across, and disseminated, extremely fine grained opaque. 

Fragments are set in a sparse to abundant matrix (35%) of very 
fine to medium grained quartz, fine to coarse gcained calcite, and 
extremely fine to fine grained pyrite. some calcite-rich patches 
contain disseminated, euhedral quartz grains averaging 0.07-0.12 mm in 
size. Chlorite (0.5%) forms a few foliated lenses up to 1.7 mm long 

' along borders of some quartz-calcite replacement patches. 
Irregular wispy seams and patches (l-28) are dominated by 

sericite/muscovite. 

Sample J-91-18 94.7 m Trachy-Latite Flow (Unit 5G); 
Zoned Replacement Patch/Vein of 
Quartz-Calcite-Pyrite-(Chlorite-Ankerite) 

Subhedral to euhedral phenocrysts (l-2%) up to 1.2 mm in size of 
plagioclase(?) are replaced completely by aggregates of extremely fine 
grained chlorite with less abundant interstitial patches of quartz. and 
calcite. A few phenocryst up to 0.4 mm in size may be of altered 
hornblende; they consist of aggregates of quartz and chlorite with 
scattered original(?) grains of apatite. 

The groundmass is dominated by lathy plagioclase and interstitial 
K-feldspar with a weak flow-foliation. Much less abundant are 
extremely fine grained chlorite, ankerite, and Ti-oxide. Apatite 
forms acicular grains up to 0.4 mm long. Pyrite forms 
disseminated grains averaging 0.02-0.03 mm in size, and replacement 
patches up to 1 mm across of.very fine to fine grained aggregates. 

A few wispy seams up to 0.1 mm wide are of foliated chlorite. A 
similar chlorite-rich fragment 1.5 mm long occurs in the quartz-rich 
border zone of the replacement patch. 

A replacement patch/vein (35%) at one end is zoned strongly. 
Along the margin is a zone of quartz in which patches averaging 
0.07-0.12 mm in size consist of extremely fine grained, interlocking 
aggregates in approximately parallel optical orientation are set in a 
groundmass of similar extremely fine grained quartz. In places, this 
zone contains irregular patches of extremely fine gcained chlorite and 
elsewhere it contains fragments up to 1 mm in size of the host rock. 
Interior to this is a zone of ankerite averaging 0.05 mm wide. 
Interior to this is a zone up to 2 mm wide in which cryptocrystalline 
quartz occurs in patches with subradiating extinction. In the core of 
some of the patches is coarse grained calcite. In this calcite are a 
few patches of very fine grained quartz and subhedral grains of 
ankerite averaging 0.1-0.15 mm in size. Pyrite forms scattered grains 
and clusters up to 1.5 mm in size. 
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Sample J-91-18 123.4 m Trachy-latite Tuff (Unit SC); Replacement 
Patches of Pyrite-Pyrrhotite-Sericite-Quartz-(K-feldspar) 

Fragmk?ntS are Up t0 seVera mm s3CrOSS. 
Most fragments are of aphanitic to very fine grained tcachyte and 

trachy-latite. A few patches contain minor K-feldspar or plagioclase 
phenocrysts averaging 0.5-1 mm in size. some fragments have a 
prominent flow-foliation. sericite forms irregular replacement 
patches up to 1.5 mm in size, commonly with diffuse borders. 

A few fragments of hypabyssal latite contain plagioclase 
phenocrysts in a groundmass of lathy plagioclase, K-feldspar, and 
minor ankerite. 

The groundmass is dominated by extremely fine grained 
quartz/plagioclase with minor sericite and disseminated patches of ..- 
Ti-oxide. 

1n the groundmass, pycrhotite (1%) forms elongate lenses and 
irregular patches up to 1 mm in size of granular aggregates 
averaging 0.03-8.05 mm in grain size. Pyrite forms disseminated 
grains averaging 0.02-0.03 mm in size. 

A few fragments-up to 0.2 mm across are of quartz grains 
(possibly small phenocrysts). 

ReplaCement patches are of pyrite, pyrrhotite, SeriCite, quartz, 
and K-feldspar. Pyrite and pyrrhotite form patches up to several mm 
across. Pyrite forms subhedral to euhedral grains and aggregates 
averaging 0.03-0.5 mm in grain size. Pyrrhotite forms anhedral 
patches of grains averaging 0.07-0.2 mm in size, and irregular 
interstitial patches between pyrite grains. Chalcopyrite forms minor 
patches up to 0.1 mm in size on pyrrhotite-pyrite contacts. 
Sulfide-rich patches contain clusters of Ti-oxide grains averaging 
0.01-0.02 mm in size. 

Sericite forms patches up to 2 mm across of extremely fine 
grains. Quartz and sericite form extremely fine grained patches. 
K-feldspar is intergrown with quartz in some very fine grained 
patches. 

Medium to dark orangish brown sphalerite forms a few patches Up 
to 0.1 mm in size on borders of ~pyrrhotite-rich patches. 

No gold-bearing phases were recognized. 
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Sample 5-91-20 65.35 m Sericite-rich Argillite, Minor Cherty 
Layers (Unit 75, 7N); Replacement 
Lenses of Pyrite-Arsenopyrite; Replacement 
Vein of Quartz-K-feldspar-(Ankerite); 
Late Veinlets of Hinerai A 

The rock is a well foliated argillite dominated by sericite with 
moderately abundant, disseminated, extremely fine gcained pyrite. 
some layers are dominated by extremely fine grained, slightly 
interlocking quartz grains. 

Replacement veins [35-40%) are dominated by quartz with 3-4% 
patches of K-feldspar. Quartz commonly is strained moderately. One 
lens 1 mm long in a quartz-rich patch is of extremely fine grained 
Mineral A. A late veinlet 0.2 mm wide is of extremely fine grained 
Mineral A. Mineral A has a very low R-1. and very low birefcingcnce, 
and is soft. Ankerite forms a few irregular patches of very fine 
grains intergrown with quartz. 

Other replacement seams parallel to foliation are dominated by 
extremely fine to fine grained pyrite (15-17%). Some pyrite 
aggregates were brecciated very finely. Arsenopyrite (3-4%) forms 
grains averaging O-05-0.1 mm in size on borders of pyrite-rich patches 
and clusters of grains averaging 0.01-0.07. mm in size in the adjacent 
host rock. Sphalerite (trace) forms lenses up to 0.4 mm in length 
parallel to foliation. Interstitial to sulfides are extremely fine 
grained aggregates of sericite 

One larger pyrite grain contains an irregular inclusion 0.02 mm 
across of pale yellow electrum. A veinlet of electrum 0.04 mm long 
and 0.005 mm wide Occurs between two pyrite grains. 

Sample J-91-20 74.8 R) Altered Andesite Lapilli Tuff (2D.lBu) 

The large fragment a few cm acrOss is of andesite/basalt tuff(?) 
dominated by aphanitic plagioclase/chlorite with wispy seams of 
chlorite parallel to foliation and abundant, irregular, lensy patches 
of sericite and/or ankerite and minor ones of quartz. 

Along one side of this fragment is a 1.5-to-2-cm-wide band 
containing moderately abundant crystal fragments of plagioclase and 
quartz in a groundmass dominated by sericite/plagioclase and ankerite 
(probably secondary). Adjacent to this layer are a few fragments up 
to 2.5 mm across of very fine grained latite/andesite, with lathy 
plagioclase grains up to 0.07 mm long in a groundmass of plagioclase, 
ankerite, and minor opaque. 

Several pumice fragments up to 1.5 mm long are dominated by 
lensy intergrowths of sericite and chlorite. 

A fragment 1.7 cm long is of argillite containing patches of 
sericite, possibly after plagioclase crystals. 

,Scattered fragments averaging 0.5-l mm in size are of quartz 
aggregates and p~lagioclase phenocrysts. Some plagioclase phenocrysts 
are altered slightly to moderately to ankerite. 

The groundmass is dominated by extremely fine grained sericite, 
chlorite, and plagioclase, and is contorted moderately to strongly. 







































Sample J-91-21 49.0 m Basaltic/Andesite TUff (Onit lC/D); 
Replacement Patches of Quartz-Pyrite-Ankerite 

Fragments up to several mm across are of slightly porphyritic 
basaltic andesite, containing 3-7% lathy to prismatic phenocrysts of 
plagioclase averaging 0.15-0.3 mm long, and locally up to 1 mm long in 
a groundmass of extremely fine grained slightly lathy, plagioclase, 
minor to abundant opaque, and minor sericite and replacement patches 
of ankerite. The variation in color in the hand sample is caused by 
variation in abundance of disseminated opaque. A fewphenocrysts up 
to 0.3 mm long are of apatite. 

Wispy seams between and cutting fragments are of opaque. 

Replacement and interstitial patches and seams are dominated by 
very fine grained pyrite (4-5%) and quartz (Z-3%) with much less 
abundant ankerite. Quart2 commonly was recrystallized in 
comb-textured aggregates surrounding pyrite grains. 

A few replacement patches up to 2 mm across are of very fine to 
fine grained ankerite (3-4%). 

Sample J-91-22 45.0 m Argillite (Unit 7J). Latite TUff (Unit 28); 
Ankerite Veinlets and Replacement Patches 

At one end of the sample is an argillite dominated by 
plagioclase/quartz aggregates averaging 0.002-0.005 mm in grain size, 
with wispy seams parallel to foliation of semiopaque/opaque (2-3%), 
and irregular patches of ankerite (l-2%). A few irregular lenses and 
layers up to 0.2 mm wide contain much more abundant, extremely fine 
grained opaque. Pyrite (1%) forms disseminated cubic grains 
averaging 0.05-0.1 mm in size. Ankerite t3-4%) forms a few 
replacement patches up to a few mm across and veinlets up to 0.3 mm 
across. One veinlet was offset by shearing along closely spaced 
planes parallel to foliation. A few replacement bands parallel to 
foliation up to 0.4 mm wide are of very fine grained pyrite, quartz, 
and ankerite. 

At the other end of the sample, the latite tuff contains 
scattered crystal fragments and crystals of plagioclase, quartz, and 
apatite up to 0.2 mm in size in a well foliated groundmass dominated 
by plagioclase and sericite, with disseminated patches averaging 
0.02-0.03 mm in size of ankerite. Ankerite forms patches up to 0.5 mm 
in size, which may represent completely altered fragments of uncertain 
original composition. 

A few fragments up to 1 mm long are of argillite containing 
moderately abundant carbonaceous opaque. 

wispy, opaque-rich seams up to 0.05 mm wide cut across foliation 
irregularly at a moderate angle. 








