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From: Gail Mahood <gail@pangea.Stanford. EDU>
To: VA_WINN.Winnemucca(PMIT1)

Date: Fri, Apr 23, 1999 5:55 PM

Subject: Rosebud petrography

Hi Peter:

I've sent some petrographic observations by snail mail and am
sending them as an attachment to this e-mail. Forgot to mention in that
letter that | looked over the chemistry you sent. It's a little hard to
interpret because I'm not sure which samples are which, and the petrography
shows many of the rocks to be highly silicified or to contain lots of
calcite, but the main point | take away from the data is that the rocks are
a little on the alkalic side, but not likely to have been truly
peralkaline. Maybe the best comparison to unaltered rocks would be to the
Yellowstone silicic rocks.

Give me a call if you have any questions after reading it.

Regards,
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4/23/99

Dear Pete:

. I've been looking at the thin sections and hand specimens you sent me. The following comments are based
entirely on petrographic affinities, since I still struggle with the Buds, the LBT (which isn’t the same thing as the
Lower Bud Tuff), the tuffs versus lavas flip flops, and the various rose names as they relate to stratigraphy! With

some feedback from you about where the rocks fit into the stratigraphy, we might be able to come to some firmer
conclusions.

SOUTH RIDGE TRAVERSE

3620A and 3621 look similar in that they both contain relatively large glomeroporphyritic clots of good plagioclase
plus a population of smaller feldspar phenocrysts that are strongly zoned, show poorly developed twinning, and
often show anomalous blue extinction colors, which lead me to conclude that they are more anorthoclase-like in
composition (these latter could look like sanidine in hand specimen). The abundance of mafic microphenos (all
totally shot, but look like amphibole) and the abundance of groundmass mafics indicate that these are too mafic to
pe rhyolitic. Also, phenos are fairly abundant, at which stage I’d expect to see quartz, which I don’t see as a pheno
in thin section (though I could believe that you run across them occasionally in hand specimen). So I’d call these
two samples porphyritic hornblende trachydacite lavas. The samples aren’t from the same lava, because 3621 has a
much higher proportion of phenocrysts (about 15%), but they could be related units.

36?2, 3623, and 3626 are very similar-looking lavas; 3623 and 3626 are more highly altered with the development
of incipient “spots” in the groundmass typical of slightly alkalic lavas. All of these lavas have sparse plagioclase
phenocrysts and plag microphenocrysts in a felted groundmass rich in feldspar and oxides. Because 3622 is less
altered, I can identify sparse opx microphenocrysts, and what looks like one olivine microphenocryst. These are the
kinds of rocks that commonly used to get called latites. Now they’d probably be called trachydacites.

3620B is a lava intermediate between 3620A and 3622/23/26 in crystal content, but if one wanted to lump it with
something else, [’d be inclined to lump it with 3622/23/26 because the microphenocrysts are sparse and they appear
to be plag, rather than the ternary-ish feldspar in 3620A. This sample is strongly silicified.

3625A is a massive aphyric lava. Forced to give this aphyric rock a name, I’d call it an alkali rhyolite, but I am not
confident of that name. The groundmass has enough oxides in it that this clearly isn’t a typical rhyolite; it’s got to
be a more Fe-rich alkali rhyolite if it is a rhyolite. It’s got the light color of rhyolites, as opposed to trachydacites or
trachytes, but that could be a function of silicification.

3625B is a strongly silicified lava that contains very sparse small plagioclase phenocrysts and sparse plag
microphenocrysts. Based on what I see in thin section, I believe that what appears to be quartz phenocrysts in hand
specimen (as described on the hand-written sheet) is actually secondary quartz filling holes. This sample shares
with 3622, 3623, and 3626 the presence of plag phenos and microphenos, though in smaller proportions. In terms
of light color it is more like 3625A but this could just be silicification. So I don’t know which way to assign it.
This would be a case where an analysis might help.

3628 is listed as a massive to weakly flow-banded lava under "our name" and as Dozer under "old name", but the
thin section and hand specimen of that number are rhyolitic crystal lapilli tuff. I think this must just be some sort of
transposition of sample numbers. The majority of this tuff consists of ash-sized pumiceous clasts, but there are also
fragments of dense perlitic glass and of other fragmental rocks (perhaps ignimbrites). The little reddish clasts look
like trachytic volcanic rock with abundant oxides. Crystals are plagioclase and sanidine.

3624 is also a rhyolitic lapilli tuff. It differs from 3628 in consisting almost entirely of pumiceous clasts (though
there are some dense perlitic clasts) that seem like they could have been derived from a single source. It also
contains many fewer feldspar crystals. The sample is silicified.

3627 is a densely welded ignimbrite. It contains small phenocrysts of plagioclase, sanidine, and quartz, which
makes it rhyolitic in composition. It contains volcanic lithics that have a felted groundmass texture like 3626.

Contains abundant cc.




WILDROSE CANYON

3631 is a strongly flow-laminated, strongly silicified alkali rhyolite lava in Wildrose Canyon that contains sparse
sanidine phenocrysts and microphenocrysts. I’d call it an alkali rhyolite based on the absence of plag phenos and
the fact that I don’t see ghosts of lots of mafics (though admitedly the rock is so far gone in silicification that this
may have removed evidence for mafics). (Because it has obvious sanidine and no plag, I wouldn’t lump it with
3622 and 3623, which means it might be better to not call them Wildrose and to, instead, retain the name
Chocolate.)

3632 is a perlitic alkali rhyolite vitrophyre that contains sparse phenocrysts of sanidine and plagioclase, as well as
microphenocrysts of a green (Fe-rich?) amphibole. The glassy groundmass is strongly hydrated and perlitic. The
texture looks a bit like the sort of densely welded vitriclastic texture characteristic of some of the high-temperature
ignimbrites in NW Nevada, in which the glassy shards are blocky rather than tricuspate. On the other hand, I know
that you can get psuedo-clastic textures in hydrated and altered rocks. So I’d want to walk out this feeder to see if it
fed a lava or an ignimbrite.

ROSEBUD PEAK

3633 is listed as vesicular Rosebud quartz latite under "our name" and as Chocolate Tuff under "old name". The
thin section looks to me like a very strongly silicified lapilli tuff. So does the sawed surface of the rock, but I can
see how someone would call the weathered surface a quartz latite with mafic xenoliths. I suppose that another
interpretation would be that it is an autobreccia of a lava flow. But even if that’s what it is, I wouldn’t make it an
autobreccia of the Rosebud lava/intrusion because phenocrysts aren’t as abundant as they are in 3620A and 3621
and because the phenos are mostly sanidine (though, admittedly it does look like a fair number of the phenos were
plucked in making the section). What looks to me like secondary quartz cements the grains together. I would call
this a strongly silicified rhyolitic crystal lapilli tuff.

BARREL SPRINGS AREA

3615 is a rheomorphic porphyritic devitrified rhyodacitic ignimbrite.

3616 is a rhyodacitic crystal vitric tuff. Contains crystals of plagioclase and sanidine; little or no quartz. Probably
of fallout origin or very slightly reworked in a lake setting.

3617 is a tuffaceous siltstone. Probably a lake deposit.
3618 is a rhyolitic crystal vitric lapilli tuff. It contains abundant crystals of plag and quartz and lesser sanidine.

Most of the lapilli are pumice. It has beautiful vitriclastic texture, with delicate shard shapes preserved, indicating
that it hasn’t been reworked much.

If you’ve got any questions or comments, let me know. I figured I’d hold onto the thin sections and
samples until we had talked, in case, based on your thoughts, I want to go back and take a look at them again.

Best regards,

Gail Mahood
Professor




EINEY
3Ll
Sithie
3618

A/?a‘_"’f /_Aj[an;%(,\r

3204

3621
5\-Sy
3623
3624

325 A
3b2s B

2620

_ Sourt (S

3623
3E2g

3629

Lo
363}
3632

3LA3

Wt 5 cd fase Gousm.

PUVPI/U];—\L'.L Dwalolwde- {V‘(Aclf\u,o(ac.*e lowa
2b2o (3 vaac(/%,o(o.a'{—a lowa

P—m(fwlfﬂl-ré hova b leud « lﬁ«»cﬂvo(aa/':n [ oo

{'\«oc(.\-—lcieu/lh; lawe ] single fno

MCL\M'}-@ low o~

v—(,\h,“ ke lapitty fuff (Jumicoous)
Gpbhyrie alleats v
o {eaty V'(M«\A Wi \awa
Md‘jofac(l:t { owon

itz lawve

&&U\gn‘w’ welddoel V‘l/ub/\ \’. +¢,¢ \X\/ﬂw\'%nm

rwvhkh Mﬂﬂu\hﬁui+4¥

-Flno- bonded alleats

rheommmm&.Pw¢A7hhz "QT°Ja01w/f?LMega
V“vdaQ%t QwsH(J+mc+wq
lacushaine dfbocesus e lslng

YV%@CHL Aryshal Vikae laypitls Fuff

( Kosehuol Quartz lahle)

( Chocolotr Rale Alcars Qb.dmug}

(LART)

(spheritihe o)
(Dozey T lawa) e

( hoy«@ lowa) micddle ov |nger

(LJ’ST' 2 3(023)
(“}“hukétLB
( oy gty

Wk lewa (3nmfu~\3bzz#2%>

{Low - : 5 :
PJ‘*-l:”T«C alkals d"ao Whe V\.‘V‘D‘PL«A\-NL (dbv\:%b?' welded \Bmw‘onb ?)

r"‘?j‘-’l’:"":‘* Ovvr:’m\ \a‘olh\} *“AﬂHi

(pussrcins uotz labhe logill ufe)




KamMmA MouNTAINS CRou®

BARREC SPRiNGS FormATIon

MEMBER,

Tuffecequs MURERAE, TLTSTINE AND SANDETONE,
PoRcEUAITE AND (NTINCALATEQ PumMrceDus, ViTRic

ALS PERBLE ConslomeRATE  (~2S0°; 76m)

TUFFACEOUS SILTSTINE A~d MudsTang (¥ 1407 43m)

wTe TurF  (~ 90, 23m)

RitcostorPriic TRACHYTE IGNIMARITE

T
b
o 8
Z Y
g -~
7] § CAVSTAA. TUFF
B A
¥
©
y §§
Fiie
AR
K
8
¥ A
é 4 N
§8 3
L %
23 ;
g

AUL) LANG STNE

GRoue




sr Machell - Rosebud petrography Page 1]

From: Gail Mahood <gail@pangea.Stanford EDU>
To; VA_WINN.Winnemucca(PMIT1)

Date: Fri, Apr 23, 1999 5:55 PM

Subject: Rosebud petrography

Hi Peter:

I've sent some petrographic observations by snail mail and am
sending them as an attachment to this e-mail. Forgot to mention in that
letter that | looked over the chemistry you sent. It's a little hard to
interpret because I'm not sure which samples are which, and the petrography
shows many of the rocks to be highly silicified or to contain lots of
calcite, but the main peint | take away from the data is that the rocks are
a little on the alkalic side, but not likely to have been truly
peralkaline. Maybe the best comparison to unaltered rocks would be to the
Yellowstone silicic rocks.

Give me a call if you have any questions after reading it.

Regards,
Gail



4/23/99

Dear Pete:

I've been looking at the thin sections and hand specimens you sent me. The following comments are based
entirely on petrographic affinities, since I still struggle with the Buds, the LBT (which isn’t the same thing as the
Lower Bud Tuff), the tuffs versus lavas flip flops, and the various rose names as they relate to stratigraphy! With
some feedback from you about where the rocks fit into the stratigraphy, we might be able to come to some firmer
conclusions.

SOUTH RIDGE TRAVERSE

3620A and 3621 look similar in that they both contain relatively large glomeroporphyritic clots of good plagioclase
plus a population of smaller feldspar phenocrysts that are strongly zoned, show poorly developed twinning, and
often show anomalous blue extinction colors, which lead me to conclude that they are more anorthoclase-like in
composition (these latter could look like sanidine in hand specimen). The abundance of mafic microphenos (all
totally shot, but look like amphibole) and the abundance of groundmass mafics indicate that these are too mafic to
be rhyolitic. Also, phenos are fairly abundant, at which stage I’d expect to see quartz, which I don’t see as a pheno
in thin section (though I could believe that you run across them occasionally in hand specimen). So I’d call these
two samples porphyritic hornblende trachydacite lavas. The samples aren’t from the same lava, because 3621 has a
much higher proportion of phenocrysts (about 15%), but they could be related units.

3622, 3623, and 3626 are very similar-looking lavas; 3623 and 3626 are more highly altered with the development
of incipient “spots” in the groundmass typical of slightly alkalic lavas. All of these lavas have sparse plagioclase
phenocrysts and plag microphenocrysts in a felted groundmass rich in feldspar and oxides. Because 3622 is less
altered, I can identify sparse opx microphenocrysts, and what looks like one olivine microphenocryst. These are the
kinds of rocks that commonly used to get called latites. Now they’d probably be called trachydacites.

3620B is a lava intermediate between 3620A and 3622/23/26 in crystal content, but if one wanted to lump it with
something else, ['d be inclined to lump it with 3622/23/26 because the microphenocrysts are sparse and they appear
to be plag, rather than the ternary-ish feldspar in 3620A. This sample is strongly silicified.

3625A is a massive aphyric lava. Forced to give this aphyric rock a name, I’d call it an alkali rhyolite, but [ am not
confident of that name. The groundmass has enough oxides in it that this clearly isn’t a typical rhyolite; it’s got to
be a more Fe-rich alkali rhyolite if it is a rhyolite. It’s got the light color of rhyolites, as opposed to trachydacites or
trachytes, but that could be a function of silicification.

3625B is a strongly silicified lava that contains very sparse small plagioclase phenocrysts and sparse plag
microphenocrysts. Based on what I see in thin section, I believe that what appears to be quartz phenocrysts in hand
specimen (as described on the hand-written sheet) is actually secondary quartz filling holes. This sample shares
with 3622, 3623, and 3626 the presence of plag phenos and microphenos, though in smaller proportions. In terms
of light color it is more like 3625A but this could just be silicification. So I don’t know which way to assign it.
This would be a case where an analysis might help.

3628 is listed as a massive to weakly flow-banded lava under "our name" and as Dozer under "old name", but the
thin section and hand specimen of that number are rhyolitic crystal lapilli tuff. I think this must just be some sort of
transposition of sample numbers. The majority of this tuff consists of ash-sized pumiceous clasts, but there are also
fragments of dense perlitic glass and of other fragmental rocks (perhaps ignimbrites). The little reddish clasts look
like trachytic volcanic rock with abundant oxides. Crystals are plagioclase and sanidine.

3624 is also a rhyolitic lapilli tuff. It differs from 3628 in consisting almost entirely of pumiceous clasts (though
there are some dense perlitic clasts) that seem like they could have been derived from a single source. It also
contains many fewer feldspar crystals. The sample is silicified.

3627 is a densely welded ignimbrite. It contains small phenocrysts of plagioclase, sanidine, and quartz, which
makes it rhyolitic in composition. It contains volcanic lithics that have a felted groundmass texture like 3626.

Contains abundant cc.




WILDROSE CANYON

3631 is a strongly flow-laminated, strongly silicified alkali rhyolite lava in Wildrose Canyon that contains sparse
sanidine phenocrysts and microphenocrysts. I’d call it an alkali rhyolite based on the absence of plag phenos and
the fact that I don’t see ghosts of lots of mafics (though admitedly the rock is so far gone in silicification that this
may have removed evidence for mafics). (Because it has obvious sanidine and no plag, I wouldn’t lump it with
3622 and 3623, which means it might be better to not call them Wildrose and to, instead, retain the name
Chocolate.)

3632 is a perlitic alkali rhyolite vitrophyre that contains sparse phenocrysts of sanidine and plagioclase, as well as
microphenocrysts of a green (Fe-rich?) amphibole. The glassy groundmass is strongly hydrated and perlitic. The
texture looks a bit like the sort of densely welded vitriclastic texture characteristic of some of the high-temperature
ignimbrites in NW Nevada, in which the glassy shards are blocky rather than tricuspate. On the other hand, I know
that you can get psuedo-clastic textures in hydrated and altered rocks. So I’d want to walk out this feeder to see if it
fed a lava or an ignimbrite.

ROSEBUD PEAK

3633 is listed as vesicular Rosebud quartz latite under "our name" and as Chocolate Tuff under "old name". The
thin section looks to me like a very strongly silicified lapilli tuff. So does the sawed surface of the rock, but I can
see how someone would call the weathered surface a quartz latite with mafic xenoliths. I suppose that another
interpretation would be that it is an autobreccia of a lava flow. But even if that’s what it is, [ wouldn’t make it an
autobreccia of the Rosebud lava/intrusion because phenocrysts aren’t as abundant as they are in 3620A and 3621
and because the phenos are mostly sanidine (though, admittedly it does look like a fair number of the phenos were
plucked in making the section). What looks to me like secondary quartz cements the grains together. I would call
this a strongly silicified rhyolitic crystal lapilli tuff.

BARREL SPRINGS AREA

3615 is a rheomorphic porphyritic devitrified rhyodacitic ignimbrite.

3616 is a rhyodacitic crystal vitric tuff. Contains crystals of plagioclase and sanidine; little or no quartz. Probably
of fallout origin or very slightly reworked in a lake setting.

3617 is a tuffaceous siltstone. Probably a lake deposit.
3618 is a rhyolitic crystal vitric lapilli tuff. It contains abundant crystals of plag and quartz and lesser sanidine.

Most of the lapilli are pumice. It has beautiful vitriclastic texture, with delicate shard shapes preserved, indicating
that it hasn’t been reworked much.

If you’ve got any questions or comments, let me know. I figured I’d hold onto the thin sections and
samples until we had talked, in case, based on your thoughts, I want to go back and take a look at them again.

Best regards,

Gail Mahood
Professor
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Peter Mitchell - Request from Tom Westerveld to present paper on Mesel

Page 1

From: Odin Christensen

To: Dow, John

Date: Mon, May 3, 1999 6:57 AM

Subject: Request from Tom Westerveld to present paper on Mesel

I had a message on my voice mail today from Dr. Tom Westerveld of Fort Lewis College in Durango. You
will recall that Newmont employed Tom three years ago to present classes in structural geology and do a
structural study of the Mesel deposit and Ratatotok district. He will also be presenting a structural geology
course to our geologists in Carlin later this month.

Tom has arranged to make a presentation to the Barrick geologists on the Mesel deposit. He just wanted
to check with me to see if this is OK. | do not see a problem. We have already talked a lot about the
deposit, and Steve Garwin published most of the information compiled in his district review. Most of what
Tom found was pretty deposit-specific and not of direct exploration significance. Still, everything Tom
kiows he learned while in Newmont's employ.

What should | tell Tom? | ask you John, since this crosses a number of areas of responsibility within our
exploration organization.

Odin Christensen
- 0
Chief Geologist, Newmont Gold Company /,S et 'L‘J'& = I8

10101 East Dry Creek Road
Englewood Colorado 80112
(303) 708-4164
(303) 708-4060 fax 3
e-mail: ochr6093@corp.newmont.con $0 - €
Yz «~ X > £_§
b3
CC: Krol, Leendert, Mitchell, Peter S3
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STRATIGRAPHIC CORRELATIONS
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ROSEBUD STRATIGRAPHY

CHOCLOLATE FORMATION
Introduction

The Chocolate Formation formed during a period of trachydacite effusive volcanism and
porphyry intrusion, puncuated by ephimeral to extended (Badger Member) periods of rhyolite
(Bud Member) and trachydacite (Rosebud Member) pyroclastic eruptions, localized mass
wasting and erosion. Pyroclastic and volcaniclastic debris accumulated in steep-sided, interdome
valleys and regional lakes. The rhyolite ignimbrites that occur within the Bud Member are
important time "lines" which may be traced across the Rosebud mining district, and possibly into
the adjoining mountain ranges.

Trachydacite lavas are characterized by thin (1-3 mm) planar flow-laminations. Fine-grained
massive, controted planar-laminated and autoclastic textures are less abundant, but not
uncommon. The lateral extent of the flows is difficult to ascertain because of compositional and
textural similarities between the flows, and the extent of relatively poor exposures. The lava
flows appear to be only a few 10's of meters thick, except where they ponded(?). In these areas
the trachyandesite lavas may exceed 50 meters in thickness. Individual flows can be followed
for no more than 1 to 2 kilometers along "strike."

Trachydacite lava flows of the LBT and South Ridge Members are virtually indistinguishable in
hand specimen and microscopically, and may be parts of the same eruptive sequence. The two
members are separated by volcaniclastic and rhyolite ignimbrite deposits (Bud Member), which
may represent a brief(?) hiatus in proximal volcanism. Because the pyroclastic units within the
Bud Member are compositionally different from the remainder of the Chocolate Formation, is is
possible that the Bud Member volcanic units originated from distal eruptions (separate magmas).

Intrusive phase include the Rosebud sill (laccolith?), Kamma "Andesite" and possibly the White
Alps Porphyry. The Rosebud sill is the most extensive intrusion identifed within the Rosebud
mining district.

Bud Member

Medium to thick bedded lacustrine volcaniclastic and possibly lahar deposits are intercalated
with relatively thin rhyolite ignimbrite and tephra fall deposits. Ignimbrite flows are more
common in the lower one half of the unit. Two of the ignimbrites are densely welded,
eventhough they are thin, indicating that the fallout from the eruptions were exceptionally hot
and/or that the flows are proximal (within 1 km) to the eruption vent. Intercalated within the
pyroclastic-rich lower sequence is a cobble to boulder conglomerate or debris pile that may be a
megabreccia resulting from the collapse of a caldera topographic wall.

LBT MEMBER

The LBT Member of the Chocolate Formation a relatively think (>50 m) trachydacite lava.
Fflow textures vary from thin (1-3 mm) planar flow-laminations to fine-grained and massive.
Autoclastic and vesiculated (LST) textures are common, but are not laterally continuous for more
than a few 10's of meters to approximately 100 meters along strike.
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ROSEBUD DISTRICT STRATIGRAPHY

SULFUR GROUP
LOWER SULFUR GROUP
Camel Conglomerate
Poorly sorted, matrix-supported epiclastic volcanic breccia with poorly developed bedding; dominantly subaerial deposition, talus and fanglomerate
deposits, local hydrothermal eruption breccias (Crofoot Breccia) and sinter horizons.
Lacustrine Deposits

Poorly consolidated mudstone, siltstone and sandstone, minor pebble conglomerate and tuff, local marl and limestone horizons; fluvial and
subaqueous deposition, fanglomerate, flood-plain and lacustrine deposits.

KAMMA MOUNTAINS VOLCANIC GROUP
CHOCOLATE FORMATION
Badger Member

Red Beds: dominantly resedimented, clast- and matrix-supported volcaniclastic and volcanogenic breccia with a hematitic silt to granual matrix,
minor interbeds of pebble to cobble conglomerate, lenses of hematitic siltstone and sandstone, and fine (ash) tuff beds; normal and reverse grading,
subaerial mass wasting, subaerial, fluvial and lacustrine deposition, debris flow, talus, and fangomerate deposits.

Basal Red Beds: interbedded sanidine-, quartz- and biotite-bearing mudstone, siltstone, sandstone, pebble and cobble conglomerate and
resedimented volcanic breccia intercalated with white fine (ash) tuff; normal grading, subaqueous deposition, flood-plain(?) and turbidite deposits.

White Alps Porphyry

Feldspar porphyry; massive, fine-grained intrusion comprised of 3 to 8% unoriented, dominantly equant feldspar phenocrysts ~3mm across
randomly distributed in a fine-grained groundmass of plagioclase and quartz.

Kamma Andesite(?)

Glomerophyric feldspar andesite intrusions consisting of 3 to 5% hornblende(?) <5mm long and ~5 to 8%, dominantly clustered, plagioclase
phenocrysts supported by a fine-grained crystalline groundmass of plagioclase, quartz(?) and minor magnetite, local flow lineation of phenocrysts.




PROPOSED STRATIGRAPHIC NOMENCLATURE FOR THE ROSEBUD DISTRICT

Introduction

Stratigraphic nomenclature at Rosebud has evolved ihrough several different
companies and mapping programs. Government geological maps have not subdivided
the Kamma Mountain Volcanic Gi'oup, 50 the formations and units are used in an
informal sense. The usual protocol for stratigraphic naming is to continue using early
subdivisions, unless these are not clearly defined or the names are not reasonable for
the rock types included. At Rosebud, earlier subdivisions were not always well defined,
and some names are incorrect i.e., Lower Bud Tuff for the Mine Host sequence of
?trachytic flows and breccias. Rock compositions are also not clearly or consistently
defined from the availéble petrogrébhic work. Hence, different nomenclature has been

used for the same stratigraphic units (Fig. 5).

Following are comments on each of the main units recognized from the Rosebud
Canyon - South Ridge section, with recommendations for changes. These are proposed

to provide a consistent stratigraphic framework for both exploration and mine geology.
Auld Lang Syne Group (JT a)

This basal sequence of deformed metasedimentary rocks underlies the Kamma
Mountain Volcanic Group. The contact is commonly faulted. Fragments of these rocks

are distinctive, and are recognized as clasts in the ‘Lower Bud Tuff.
Oscar Sequence (Tos)

A sequence of andesitic to basaltic andesitic flows and breccias, locally underlain
by tuffaceous sedimentary rocks intercalated with pebble conglomerate. These
sedimentary rocks have been termed Tcs (Basal Tertiary Sediments) where
encountered in drill holes. Walck et al. (1993) originally described these sediments as

the lower part of the Oscar Sequence, and it is recommended that this be continued.




FIGURE 5 : ROSEBUD CANYON STRATIGRAPHIC SECTION
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Petrographically, the rocks are vesicular, probable hornblende andesitic flows
(phenocrysts ; ~8% plagioclase, 4-5% mafic minerals / hornblende). Alteration is

typically propylitic with an assemblage of chlorite - epidote - carbonate - hematite - chert.
Dozer Rhyolitic Dome (Td)

The lower, and several upper contacts of the Dozer unit were carefully examined
in the field on South Ridge. At the lower contact with the Oscar Sequence a narrow, 3 -
5’ rhyolitic dike with chilled margins clearly cuts a dark, fine-grained flow and extends as
a feeder to the Dozer Rhyolite. A second, possible major feeder dike has a weakly
sheared and brecciated southern margin. In contrast, the upper contact is not intrusive.
This contact is sharp but irregular and locally shows considerable paleo-relief, as noted
by Walck et al. (1993). Well-bedded volcaniclastic units infill this irregular contact, with
considerable variations in thickness, and stratigraphic pinch outs against the original
dome margins. The unusual outcrop pattern of Dozer and ‘Lé)wer Bud Tuff mapped on
the southern side of South Ridge is therefore attributed to paleo-topography. Fragments

of Dozer are present in the lowermost volcaniclastic beds overlying the dome.

The Dozer Rhyolite Dome may be subdivided into a lower, more massive fine- to
slightly coarser-grained unit, and an upper, strongly flow laminated unit succeeded by a
zone of large, rounded lithophysae up to 5” in diameter. These lithophysae have been
infilled with chalcedonic to crystalline quartz, manganiferous carbonate and clays. The
upper part of the dome is strongly auto-brecciated (all Dozer clasts), and in places is
altered to chalcedonic and jasperoidal silica, carbonate and green clays. This alteration
is believed to be early, and may be related emplacement of the dome into a shallow
subaqueous environment. The lithophysae are consistent with this interpretation.

Rockchip samples are not anomalous for Au in this area.

Phenocrysts are very sparse in the Dozer, and compositionally it has been
described as rhyolitic, andesitic or latitic. Trace sanidine, 1% plagioclase and up to 3%

mafic minerals have been recognized.




Whereas the Dozer at this location does not exhibit intrusive relationships,
equivalent units (the Wild Rose flow domes) are not necessarily extrusive, and their

contact relationships would need to be examined separately.
Lower Bud Tuff (Tbs1)

This is a well-bedded sequence pof volcaniclastic deposits and breccias which are
typically heterolithic, planar bedded, locally with both reverse and normal grading. The
matrix is commonly either hematitic, or a bright green clay which was described by
Walck et al. (1993) as a mixture of celadonite and glauconite. These have been

interpreted as base surge deposits, however, the heterolithic clast content, the graded t{* ave
Shaatd §€c Some <xogs heddin ‘,I es u?
bedding and lack of cross bedding and scour or ch chnel structures is not typical of base

surge origin. A base surge should also mantle the original topography of the Dozer
This /7 2ria) redhitebesform + Oefosttein Morpbolosy
dome, rather than exhrblt the stratrgraphlc pinch outs desorrbed They are more likely to

o Glre be base Serye dep
be subaqueous volcanrc:lastZ ccaxé/brrs,ﬂows srmllawryto those desorrbed by McPhie et al.

(1993; p.150). The presence of glauconite supports a subaqueous origin. Both
glauconite and celadonite are probably products of deuteric alteration, and not a later
hydrothermal overprint.

aed

The term ‘base surge’ is not recommended, and while Lower Bud Tuff may be an
oudy f +f rapresents mu/A e RICAFS
acceptable exploration term, Lower Bud Sequence may be better (the symbol Tbs would

remain the same).

Brady Andesite or Mine Host Sequence (Ta)
Low farns ]@M‘u‘é f y/Wr4 4«7 5'7/76 G;va/o

(a1 Field evidence supports this sequence as that which hosts the Au mineralization
RRYL

F@rsw” in the South and North orebodies at Rosebud, although the mine geologists do not

—

—

agree (Fig. 6). It comprises at least two fine-grained, probable flows separated by
volcanic breccia. Petrographically it is described as having a trachytic texture but the
composition is uncertain. It is darker in outcrop than the Dozer Rhyolite and has
therefore been interpreted to be andesitic, although other characteristics are very similar

to the Dozer i.e., strong platy flow laminations, local vesicularity and diffuse spherulites
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derived from devitrification of a glassy rock. Some of these characteristics were also
observed in the mine exposures. In the mine the intervening volcanic breccia is termed

Hydysthormal 7
the “pink-matrix breccia’.

Petrographically, this unit has a more distinct phenocryst population than the
Dozer, with 1-3% sanidine, up to 3% plagioclase, 2-3% biotite, and 1-5% mafic minerals
/
/ needle-like hornblende. It has been variably defined as a latite, trachyte, andesite or

even a basalt. The k-feldspar : plagioclase ratio is variable.

LBT should be discontinued as a term for this sequence. It is recommended that

a_Dael \‘\w&_!

'Mine Host Sequence or Brady Sequence be used instead, avoiding ‘andesite’ until the

composition can be better determined.
Upper Bud Tuff (Ths.)

This sequence is similar to the Lower Bud Tuff, but the heterolithic breccias lack
fragments of Auld Lang Syne, which were present in the lower sequence. A similar
origin as subaqueous debris flows is also suggested. probebd, not
It is recommended that this unit be renamed the Upper Bud Sequence. (7%s¢) y Sauame

Chocolate Formation (Tc)
/&7 A«J/auu — ﬁL rochs -71'/; éoégcé ak ave 0Jl7[/m> or ,ép‘mf'
This is a sequence of flows and volcanic lithic tuff-breccias, with a distinctive fall fofs.

brown, hematitic appearance where alteration is minimal. Thei%é‘ér contact with the
Upper Bud Tuff has been placed either at the uppermost ‘green tuff or ‘surge’ horizon,
or the lowest glomeroporphyitic flow or sill unit (termed the Marker Porphyries). The

Marker Porphyries should probably be used to denote the basal Chocolate Formation,

and a broad subdivision into Marker Porphyries, Chocolate Tuffs and upper Chocolate

Flow is reasonable. The Chocolate Tuffs are poorly exposed but appear to be lithic tuff-
Protetek,

breccias, and auto-breCCIgtberd flows. On Big Chocolate Hill there is a flow banded,

vesiculated latitic flow which is probably a Iocal eruptive center.




Petrographically, the flow unit is most consistently defined as latitic, or
quartz latitic, with 10 - 15% plagioclase, trace sanidine, 3% biotite, 4% mafic minerals

and rare resorbed quartz. The groundmass is coarser textured than other units.
Badger Formation (Tb)

Above the Chocolate Flow is a fragmental unit composed almost entirely of
fragments of the Chocolate flow. This could equally well be designated as uppermost
Chocolate Formation or lowermost Badger Formation. The Badger is a widespread
volcaniclastic to conglomeratic breccia with a distinctive oxidized reddish brown matrix.

It has been interpreted as a fanglomerate deposit, and this seems reasonable.

Both the Chocolate and Badger have been termed formations, and there is
probably sufficient exposure to define a type section, so this usage is reasonable, even
though a formal section has not been measured. Gator is a poorly defined unit which is
presumably at the same stratigraphic level as the Badger Formation. It is recommended
that it be considered part of the Badger Formation.

Post-Badger Sequences

The Lake Sediments and Tertiary Fanglomerate mapped by Mike Brady at, and
to the west of the Oscar Prospect are probably part of the Sulfur Group (Wallace and
Friberg, -), which are the host rocks to the Hycroft mine. The Tertiary Fanglomerate is
probably equivalent to the Camel Conglomerate member.

It is recommended that the Sulfur Group stratigraphic equivalents be adopted, if
they can be reasonably correlated.




FIGURE 7 : MINERALIZED INTERVALS N THE ROSERUD STRATIGRAPHN
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General Comments

1. the volcanic stratigraphy exhibits variations in facies and thickness of units
along strike, so the section described will differ at Wildrose and other locations.
Thicknesses of individual units have been used to decide where a stratigraphic
contact should be in a drill hole. This may ‘force’ contacts where the variation is
simply due to changes in volcanic facies. Mike Brady noted that the dip of
bedding is commonly steeper on the ridges than on the sides of the valleys. This
can be explained in that the centers of volcanic activity have been preferentially
preserved on the ridges, with steeper original dips than the more distal volcanic

units.

2. there does not appear to be a stratigraphic horizon that is more consistently
mineralized than another (Fig. 7). There are more favorable lithologies, but these

only become important where they are intersected by ﬁwineralizing structures.

3. most of the flow dome and lava flows were originally glassy and fine-grained,
with upper auto-brecciated margins, which may be hyaloclastitic. These were

probably erupted in a subaqueous environment.
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STRATIGRAPHY:

Rocks intersected by the 1995 Far East and Southeast Target drilling program belong to the
Tertiary Chocolate and Tertiary Dozer formations. The 1995 drill hole data and all older Far East drill hole
data were plotted on cross-sections at a scale of 1:480. All older available RVC drill hole chips and core
photographs were re-logged and added to the new Far East geologic cross-sections. These cross-sections
show rocks belonging to the following formations from youngest to oldest: 1) Quaternary Colluvium; 2)
Tertiary Chocolate Formation; 3) Tertiary Bud Formation; 4) LBT Formation (north and east zone); 5) Tos
Formatioo (north and east zone); 6) Tertiary Dozer Formation; and 7) Triassic-Jurassic Auld Lang Syne
Formation.

Quaternary Colluvium:

Bedrock peology in the Far East Target area is covered by a shallow colluvium derived from the
surrounding nidges. Colluvium renges in thickness from 2 to 35 feet.

Tertiary Chocolate Formation:

Rocks belonging to the Tertiary Chocolate Formation are effusive and intrusive velcanics ranging
from latitic to andesitic in composition. The Chocolate Formation has been subdivided into the following 5
sub-units (from youngest to oldest): 1) Tcfg undifferentiated; 2) Tcllt; 3) Tcfi; 4) Te fgmpp: and 5)
Tevitro. Total thickness of the Tertiary Chocolate Formation is in excess of 1200 feet.

The undifferentiated Tefg sub-unit consists of dominantly fine-grained, porphyritic, latitic to
andesitic, volcanic flows with inter-bedded auto breccias. In hand spccimen this rock consists of a glassy
to sugary textured groundmass with 10 to 15 percent 1mm to 8mm subhedral to euhedral plagioclase
phenocrysts replaced by varying amounts of ¢lay, hematite, pyrite, and calcite, and 5 percent 0.5mm to
3mm subhedral to euhedral hornblende and biotite phenocrysts replaced by hematite. This sub-unit is in
excess of 800 feet thick.

Sub-unit Tcllt consists of a monolithic lithic lapilli tuff breccia or autobreccia with minor block
sized clasts. Compositionally the sub-unit is latitic to andesitic with the same phenocryst content as the
Undifferentiated Tcfg sub-unit described above.

Sub-unit Tcfg consists of a fine-grained, porphyritic, latitic to andesitic, volcanic flow, containing
up to 5 % fine-grained disseminated specular? hematite some of which have replaced hormblende?
Phenocrysts rarely achieve lengths of 0.6mm. Unit contains rare clay altered probable augite pbhevocrysts
up to 0.6mm and minor clay altered plagioclase phenocrysts. The unit is reddish-brown in color.

Sub-unit Tefgmpp is a fine-grained, massive, It. pink to tan, stightly porphyritic andesitic
intrusive. In drill cuttings the unit contains 0.5-1.0% phenocrysts of 0.6mm long laths of clay altered
plagioclase phenocrysts in an aphanitic groundmass. The unit contains up to 2% of 0.1-0.2mm
disseminated pyrite cubes. A white to light green virrophyre, Tcvitro, surrounds the margm of this
intrusive. The mtrusive is up to 170 feet thick with up to 40 feet of virophyre. The vitrophyre consists of
a glassy margin of the intrusive that subsequently has been devitrofied and altered to a It. green to white
clay. The clay still retains the devitrofied textures.

Tertiary Bud Formation:

Rocks belonging to the Tertiary Bud Formation are effusive and intrusive volcanics ranging from
latitic to andesitic in composition. The Bud Formation is typically a green, crudely-bedded, poorly sorted,
lithic lapilli tuff with local interbedded zones of volcanic breccia and epiclastics. During 1996, Mike
Brady interpreted the upper, middle, and lower portions of the Bud Formation as base surge deposits. The
Bud Formation bas been subdivided into the following 5 sub-units (from top to bottom, not necessarily
oldest 1o youngest): 1) Ubud; 2) Porphyritic autobreccia; 3) Mbud; 4) BMB; and 5) Lbud.

pas
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Sub-unit Ubud consists of a fine-grained base surge deposit (Brady 96) with clasts up to 4mm in
size of fine-grained volcanies of uncertain composition. Flow laminations are common throughout the
unit. Clasts are angular to sub-angular and dominated by <1.0mm andesitic with rare rhyolite? clasts in a
clayey matrix. Unit is It. to dk. green in color with common chlorite?.

Sub-unit Porphytitic autobreccia is a fine-grained, slightly porphyritic, rhyolitic? autobreccia.
Clasts are sub-angular to sub-rounded, lapilli to smal} block in size, and composed of the same slightly
porphyritic matrix material. Unit contains 1% clay altered plagioclase phenocrysts, and up to 1%
disseminated pyrite. This autobreccia appears to be stratabound.

Sub-unit Mbud is a base surge deposit that contains a base of flow laminated moderately coarse-
grained mostly clast supported lithic tuff breccia with an average grain size of 0.5-1.0 inches. This basal
portion of the sub-unit grades upward into a fine-grammed mostly clast supported lithic wff breccia with an
average grain size of approximately 0.12 inches. Grading continues upwards into a coarse-grained matox
supported lithic tuff breccia with an average clast size of 0.5-1.0 inches. Clasts in the upper portion of this
sub-unit appears to contain clasts composed of the Chocolate Formation. This sub-unit is generally It.
green to dk. green in color.

Sub-unit BMB (known as the Bud Marker Bed) is a porphyritic andesitic dike or sill. Unit
contains up to 4% 1.0-2.0mm sized lath sbaped phenocrysts of clay altered plagioclase with possible minor
clay altered augites. Pyrite is common in this unit. This sub-unit is generally It. brown in color. The BMB
appears to slightly cross-cut stratigraphy. In past interpretations, the BMB, Porphyritic autobreccia, and
Tcfgmpp (Fg Pink Porphyry), were interpreted as being the same unit (BMB). This incorrect interpretation
brought about the need for large offsetting faults to justify the apparent large displacements between the
“BMB"

Sub-unit Lbud is a base surge deposit grading from a strongly flow-laminated coarse-grained,
matrix to clast supported, volcanic lithic tuff breccia into a fine-grained, matrix supported, lithic tuff
breccia. The sub-unit is It. to dk. green in color containing common chlorite. Clasts are angular to sub-
angular and dominated by <1.0mm andesitic with rare rhyolite? clasts in a clayey matrix, very similar to
the Ubud sub-umit.

Tertiary Lbt Formation:

Rocks belonging to the Lbt Formation contain effusive (possibly intrusive?) andesitic to latitic
volcanics. This formation is sub-divided here into the following 7 sub-units (from oldest to youngest): 1)
Fg mass, 2) vitrophyre, 3) Fg Splat, 4) Fe-mg speckled flow; 5) Bx, 6) Mass-viwro, and 7) Fg mass.

Sub-unit Fg mass consists of a fine-grained massive andesitic to latitic ash tuff or lava flow. The
unit contains no visible phenocrysts and lacks laminations.

Sub-unit Vitrophyre is a clay altered or replaced devitrofied glass that retains the devitrrofication
textures. The clay is It. green to white in color.

Sub-unit FgSplat is a fine-grained slightly planar laminated andesitic to latitic lave flow or ash
tuff. This unit is aphanitic containing no visible phenoctysts.

Sub-unit Fg-mg speckled flow is a fine- to medium-grained andesitic to Jatitic vesicular Java flow.
This sub-unit contains varied vesicle sizes and percentage of vesicles within the sub-unit. This vesicular
unit probably correlates to the Leopard Skin Tuff of the South ore zone.

Sub-unit Bx appears to be a monolithic, matrix to clast supported, volcanic block and ash flow
tuff, or autobreccia. Clasts range in size from lapilli to block and are composed of slightly planar
laminated ash tuff or flow. This breccia correlates to the Pink Matrix Breccia in the South ore zone.

Sub-unit Mass-vitro appears to be a fine-grained massive ash tuff or flow that a portion of which
is a clay altered devitrofied glass

Sub-unit Fg mass is a fine-grained massive andesitic to latitic ash tuff or lava flow.

Tertiary Tos Formation:
Rock belonging to the Tos Formation consists of a latitic? base surge deposit very similar to the

Lbud Formation except the Tos Formation contains trace amounts up to 5% fragments of phyllite
belonging to the Triassic-Jurassic Auld Lang Syne Formation.
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Tertiary Dozer Formation:

Rocks belonging to the Dozer Formation consists of Rhyolitic (latitic? as petrographically
described by Ted Paster) fine-grained flow laminated (planar) lava flow or intrusive? with areas of auto
brecciation and vesicular-rich portions. This unit is usually It. Green in color but can vary into redish
browns.

Triassic-Jurassic Auld Lang Syne formation:

Rock belonging to the Triassic-Jurassic Auld Lang Syne Formation consists of dominantly black
graphitic phyllites.

STRUCTURE:

The dominant structure within the Far East target area, East ore zone, and North ore zone is the
South Ridge Fault. This fault is the major structure associated with the mineralization of the area. The
East ore zone is hosted within and in the footwall of the South Ridge Fault.

ALTERATION:

Alteration within the Far East target is best observed near small high-angle faults and fractures
and the large low-angle South Ridge Fault. Alteration paragenetic sequence appears to be as follows from
youngest to oldest or weakest to strongest as evidenced in the 1995 Far East target drilling: 1) fracture; 2)
propylitic alteration; 3) argillic alteration: and 4) silicification.

The youngest or first alteration stage is appears to be propylitic. Propylitic alteration within the
Far East target arca consists of chloritic clay and possibly pyrite. Propylitic alteration gives the rock a lt.
to dk. green coloration. As fluids continued to flow through the fractures, argillic alteration bleaches the
rock and alters feldspar phenoctysts to clays. Argillization is followed by silicification of the fractures.

MINERALIZATION:

Gold and silver mineralization within the Far East target area appear to be confined to thin, high-
angle faults and fractures in the hanging wall of the South Ridge fault and to low angle stuctures within
the footwall of and within the low-angle South Ridge fault. A list of 1995 Far East target significant
intercepts is attached. There are a total of 5 intercepts from the 1995 Far East target drilling above 0.100
opt gold with an average true thickness of 2.7 feet contaiming 0,145 opt Au and 1.30 opt Ag.

Two of the 5 intercepts above 0.100 opt Au were hosted above the South Ridge Fault in the
Chocolate Formation and three of the § intercepts above 0.100 opt Au were hosted within or in the footwall
of the South Ridge Fault. Both intersepts hosted by the Chocolate Formation above the South Ridge Fault
consists of thin graphitic or carbonaceous material filled fractures or faults. Two of the three intercepts
hosted within or in the footwall of the South Ridge fault are contained in silicified rock with pyrite and
silver sulfosalts with one hosed by a graphitic or carbonaceous material filled fractre or fault.. The above
intersected mineralization appears to lack continuity in both grade and thickness.

Otbher lower grade minereralization was intersected in the 1995 Far East tarpet area drilling. A
total of 20 intercepts of gold mineralization above a 0.010 opt cutoff grade. Ten of the 20 mtercepts
contain various amounts of graphitic or carbonaceous material along fractures or faults.




Hecla mine sections (1:20 scale)
South Zone Looking NE

Apparent thicknesses (in feet) of the major modelled stratigraphic units

Unit [Abbrev. [ 100S | 50S ON 100N | 200N | 300N 400N 500N | 700N
lower Bud | 9 |Bud >50 >60 >45 >60 145 >160 >120 >110

8 |FGT 30 42| 3542 70| 60,70| 60,40,70| 60,150 150 150

LBT 5 |PMBX 120 95| 75,115 58,130 130 137| 140,190 65,110 95

4 |FGT 93 90 84 102 >75 >110 135 100 96

Toe 2 |1os >40 >65 >120 >55 s - >50 ,>60

Total Thickness 333 352 406 417 420 477 645 470 401

Notes: RBV, 10/97

Unit numbers refer to modelling domains, not stratigraphic units.
LST (leopard spotted tgc&erre) is identified only on the northern 4 or 5 sections, and occurs

in the upper FGT unit. Where LST is present, the unit numbers are 6 for FGT, 7 for LST, and 8 for F&7
Numbers separated by commas indicate different thicknesses across high angle faults.
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Figure 5. Hecla’s Rosebud mine stratigraphic section

Qal alluvium, Qc

erosional unconformity

CT Chocolate tuff
UuBUD Upper Bud
BMB Bud marker bed
LBUD Lower Bud
LBT tuff (0-600 feet)
1. monolithic autobrecciated, fine-grained tuff (FGT)
2. massive-bedded, fine-grained tuff (FGT)
3. planar-laminated, fine-gr. tuff, local flow-shear (PLAT)
4. medium-grained, wavy-laminated airfall (?) tuff
5. vesicular, flow-banded tuff with leopard spot texture (LST)
6. massive, very fine-grained vitrophyre
7. matrix-supported, chaotic-bedded, heterolithic tuff breccia
8. clast-supported, chaotic-bedded, mono/heterolithic tuff
breccia
9. flow-banded, matrix-supported, lithic tuff breccia
Tos Oscar sediments
DT Dozer tuff
Tcs Basal Tertiary sediments

erosional unconformity

JTra Auld Lang Syne Group
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Recent Sedimentary Deposils

PO N
ICamel Congl

Poorly sorted. matrix-supported epiclastic volcanic brecéia with poorly dev eloped bedding: dominantly subaerial deposition, talus and fanglomerate
deposits. local hydrothermal eruption breccias (Crofoot Breecia) and sinter horizons.

Lower
Sulfur Grou

Poorly consolidated mudstone, siltstone and sandstone. minor pebble conglomerate and tff, local marl and limestone horizons: fluvial and
subaqueous deposition, fanglomerate, flood-plain and lacustrine deposits.
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KAMMA MOUNTAINS VOLCANIC GROUP

KAMMA MOUNTAINS VOLCANIC GROUP
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Badger

Member

Red Beds: dominantly resedimented. clast- and matrix-supported voleaniclastic and volcanogenic breccia with a hematitic silt to granual matrix,
minor interbeds of pebble to cobble conglomerate. lenses of hematitic siltstone and sandstone, and fine (ash) tff beds: normal and reverse grading.
subaerial mass wasting. subaerial, fluvial and lacustrine deposition, debris flow. talus, and fangomerate deposits.

Basal Red Beds: inerbedded sanidine-, quartz- and biotite-bearing mudstone. siltstone, sandstone, pebble and cobble conglomerate and
| resedimented volcanic breccia intercalated with white fine (ash) wif: normal grading. subaqueous deposition. flood-plain(?) and turbidite deposits.

White Alps

Feldspar porphyry: massive, fine-grained intrusion comprised of 3 1o 8% unoriented, dominantly cquant feldspar phenocrysts ~3mm across

Porphyry | randomly distributed in a fine-grained groundmass of plagioclase and quartz.
Kamma Glomerophyric feldspar andesite intrusions consisting of 3 1o 3% hornblende(?) <3mm long and ~5 to §%. dominantly clustered. plagioclase
Andesite | phenocrnysts supporied by a fine-grained crystalline groundmass of plagioclase. quartz(?) and minor magnetite. local flow lincation of phenocrysts.
Porphyritic quartz latite(?) intrusion Gaind Now ?) comprised of 2 10 3% hornblende?). =4%% plagioclase (locally glomerophy rie). 2 10 3% cuhedral
c Rosebud phy l.. L | . ']- ME P i
-.9, Quartz and broken sanidine (<2 em in length). and « 2% quartz (<3 mm ac Cees 1O bipyramidal smoky quartz, < 1% clear quartz) phenocrysts set in
g H Latite a eryptocrystalline 10 fine-grained groundmass of plagioclase. sanidine. magnetite (2 to 4%) and quartz(?): the unit contains 2 10 >3% dark.
= I 1 subrounded volcanic(?) xenoliths and is commonly flow foliated: lapilli-sized auto(?) breccias and chilled margins are common.
w ?
& H
-
©
2 | o -y - L ; R ; ;
' Hematitic. crvstal- and lithic-bearing fine (ash) wff containing phenocerysis of acicular (<0.2 by 2 mim) hornblende(?) (3 10 3%). plagioclase (<2%).
[=] D & = & S
8 Chocolate | sanidine (<1%). fine-grained magnetite (<2%) and biotite(?). and <1 10 3% subrounded. volcanic (?) xenoliths: the unit is thinly bedded (planar
5 Tulf laminated) and locally flow foliated.
Bud . S o siass dilhasitalis suly: ¥ spielastic de H 2 s
Well-bedded and locally graded heterolithic. wiff breccias: subacrial and subagueous epiclastic deposits (see mine stratigraphy),
Sequence €llzhedded and.focally g I eraphy)
Well-bedded. heterolithic tuffaceous mudstone. siltstone and sandstone. lapillistone and tuff breccia intercalated with fine (ash) wff: subacrial and
LBT subaqueous syn-eruptive and epiclastic deposits.
South Ridge| Quanz-bearing rhyolite dikes; commonly flow foliated.
Rhyolite
] '
] [}
?
! !
3
5 1 i
2
< .
£ Wild Rose . o s - 5 : o " . .
& Aphyric to weakly (<2%) feldspar porphyritic fine (ash) twff, characteristically massive with local flow foliation and auto(?) breccia; subacrial
w Member | dcposition.
~
o
N
8 Middl
iddle . 1 . ; . 5 5
Member Aphyric fine (ash) wff characterized by thin bedding (planar laminated texture): subacrial 1o subaqueous deposition.
Basal . . . . . . ) . i
Aphyric fine (ash) tuff, characteristically massive with local flow foliation and auto(?) breceia: subaerial deposition.
ph} b ¥
Member
Tcs Carbonaceous. siltstone. sandstone and pebble conglomerate.
I~
g Lava Fine- 1o medium-grained andesite lava flow(s) and wif,
® =
o ® .
8 E Tcs Carbonaceous. siltstone. sandstone and pebble conglomerate.
-
o
w |
| |
1 I
H
| ] |
| ] |
[} I |
.
®
o
E Massive latite(?) fine (ash) tuff and volcanic breccia: subaerial deposits.
=
5 =
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£ =
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) Thick wiffaccous mudstone. siltstone and sandstone beds capped by a relatively thin bed of Auld Lang Syne pebble conglomerate: subacerial. fluvial
® and subaqueous deposits.
o ”
©
o P
)
B -
2 x 2
".é o -g Densely welded rhyolite pyroclastic breccia overlaid by sanidine-bearing pumiccous fine (ash) twff: subacrial deposits.
-
2 0 &
! [ =z,
| 1 |
I ] I
H
Graphitic slate. phyllite and quartzite with local calearcous siltstone and limestone horizons: milky and locally pyritic metamorphic quartz veins
Undifferentiated are common.
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| |
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Scale: 1:10,000
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ROSEBUD DISTRICT STRATIGRAPHY

SULFUR GROUP
LOWER SULFUR GROUP
Camel Conglomerate

Poorly sorted, matrix-supported epiclastic volcanic breccia with poorly developed bedding; dominantly subaerial deposition, talus and fanglomerate
deposits, local hydrothermal eruption breccias (Crofoot Breccia) and sinter horizons.

Lacustrine Deposits

Poorly consolidated mudstone, siltstone and sandstone, minor pebble conglomerate and tuff, local marl and limestone horizons; fluvial and
subaqueous deposition, fanglomerate, flood-plain and lacustrine deposits.

KAMMA MOUNTAINS VOLCANIC GROUP
CHOCOLATE FORMATION
Badger Member

Red Beds: dominantly resedimented, clast- and matrix-supported volcaniclastic and volcanogenic breccia with a hematitic silt to granual matrix,
minor interbeds of pebble to cobble conglomerate, lenses of hematitic siltstone and sandstone, and fine (ash) tuff beds; normal and reverse grading,
subaerial mass wasting, subaerial, fluvial and lacustrine deposition, debris flow, talus, and fangomerate deposits.

Basal Red Beds: interbedded sanidine-, quartz- and biotite-bearing mudstone, siltstone, sandstone, pebble and cobble conglomerate and
resedimented volcanic breccia intercalated with white fine (ash) tuff; normal grading, subaqueous deposition, flood-plain(?) and turbidite deposits.

White Alps Porphyry

Feldspar porphyry; massive, fine-grained intrusion comprised of 3 to 8% unoriented, dominantly equant feldspar phenocrysts ~3mm across
randomly distributed in a fine-grained groundmass of plagioclase and quartz.

Kamma Andesite(?)

Glomerophyric feldspar andesite intrusions consisting of 3 to 5% hornblende(?) <Smm long and ~5 to 8%, dominantly clustered, plagioclase
phenocrysts supported by a fine-grained crystalline groundmass of plagioclase, quartz(?) and minor magnetite, local flow lineation of phenocrysts.




Rosebud Quartz Latite

Porphyritic quartz latite(?) intrusion (and flow ?) comprised of 2 to 3% hornblende(?), ~4% plagioclase (locally glomerophyric), 2 to >5% euhedral
and broken sanidine (<2 cm in length), and <2% quartz (<3 mm across; <<1% bipyramidal smoky quartz, <1% clear quartz) phenocrysts set in
a cryptocrystalline to fine-grained groundmass of plagioclase, sanidine, magnetite (2 to 4%) and quartz(?); the unit contains 2 to >5% dark,
subrounded volcanic(?) xenoliths and is commonly flow foliated; lapilli-sized auto(?) breccias and chilled margins are common.

Chocolate Tuff

Hematitic, crystal- and lithic-bearing fine (ash) tuff containing phenocrysts of acicular (<0.2 by 2 mm) hornblende(?) (3 to 5%), plagioclase (<2%),
sanidine (<1%), fine-grained magnetite (<2%) and biotite(?), and <1 to 5% subrounded, volcanic (?) xenoliths; the unit is thinly bedded (planar
laminated) and locally flow foliated.

Bud Sequence
Well-bedded and locally graded heterolithic, tuff breccias; subaerial and subaqueous epiclastic deposits (see mine stratigraphy).

LBT

Well-bedded, heterolithic tuffaceous mudstone, siltstone and sandstone, lapillistone and tuff breccia intercalated with fine (ash) tuff; subaerial and
subaqueous syn-eruptive and epiclastic deposits.

DOZER FORMATION
South Ridge Rhyolite

Quartz-bearing rhyolite dikes; commonly flow foliated.

Wild Rose Member

Aphyric to weakly (<2%) feldspar porphyritic fine (ash) tuff, characteristically massive with local flow foliation and auto(?) breccia; subaerial
deposition.

Middle Member

Aphyric fine (ash) tuff characterized by thin bedding (planar laminated texture); subaerial to subaqueous deposition.

Basal Member

Aphyric fine (ash) tuff, characteristically massive with local flow foliation and auto(?) breccia; subaerial deposition.




OSCAR FORMATION
TCS

Carbonaceous, siltstone, sandstone and pebble conglomerate.

Oscar Andesite

Fine- to medium-grained andesite lava flow(s) and tuff.

TCS

Carbonaceous, siltstone, sandstone and pebble conglomerate.

BARREL SPRINGS FORMATION
Upper Barrel Springs Member

Massive latite(?) fine (ash) tuff and volcanic breccia; subaerial deposits.

Lower Barrel Springs Member

Thick tuffaceous mudstone, siltstone and sandstone beds capped by a relatively thin bed of Auld Lang Syne pebble conglomerate; subaerial, fluvial
and subaqueous deposits.

Rabbithole Creek Member

Densely welded rhyolite pyroclastic breccia overlaid by sanidine-bearing pumiceous fine (ash) tuff; subaerial deposits.

AULD LANG SYNE GROUP

Graphitic slate, phyllite and quartzite with local calcareous siltstone and limestone horizons; milky and locally pyritic metamorphic quartz veins
are common.
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Dear Randy Vance, June 19, 1999

Included in this package should be a copy of my final report, my last expense
report, a floppy disk containing the final report with and without color codes, and the strat
picks (Dreamland.xIs) that correspond with stratigraphic breaks on my re-logs. | hope
they are suitable for data entry into Geomodel and/or Surpac. | think that the
stratigraphic units in the Dreamland area are sufficiently planar that they should show
the location of fault offsets well when viewed in three dimensions. | have much more
confidence in my strat picks than | do in the faults as currently modeled on the cross-
sections.

| will be at home (635-5399) through Tuesday the 22", and travelling thereafter
until the 4™ of July.

Sincerely,

KRB Trelof

,%/m%;

Holly McLachlan

| 6/ee/17
_ Peter m.
F?’I - //0//7'; Summw/
Holly
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ROSEBUD STRATIGRAPHY

Thin Section Samples

SAIV[PLE NUMBER ' LITHOLOGY ‘ DESCRIPTION HYDROTHERMAL ALTERATION
Field Newmont Unit Field Name PIMA Clay Analysis
NWRA-6200 i(ill‘}())}ll)ﬁlctga Porphyritic Andesite Autobreccia | Intrusion: Cross cutting “Sill” Strong Montmorillonite

NWRA-6201 LBT(?) Spotted Vitrophyrre Intrusion(?): Dikes and Sills Not Detected
NWRA-6202 | Relay Porphyry Porphyritic Trachydacite Intrusion: Dike or Plug Not Detected

NWRA-6203 | Kamma Andesite Porphyritic Andesite Intrusion and/or Lava Flow Not Detected; Plagioclase = Montmorillonite
NWRA-6204-A | Gorilla Porphyry Porphyritic Trachydacite — Block | Intrusion: Dike Not Detected
NWRA-6204-B | Gorilla Porphyry Porphyritic Trachydacite — Flow Intrusion: Dike Not Detected
P-362 | NWRA-6205 | White Alps Porphyry | Porphyritic Andesite Intrusion: Cross cutting “Sill” Moderate Kaolinite
P-362 | NWRA-6206 | White Alps Porphyry Porphyritic Andesite Autobreccia | Intrusion: Cross cutting “Sill” Moderate kaolinite
P-361 | NWRA-6207 | Kamma Andesite Porphyritic Andesite Intrusion and/or Lava Flow Weak Kaolinite
P-365 | NWRA-6208 | Lower Bud Pebble Conglomerate Volcaniclastic or Lapilli Tuff Not Detected
P-364 | NWRA-6209 | Wild Rose Eﬁl;‘éll\i/teely Aphymic Adiali Flow-laminated Lava Flow Not Detected
P-423 | NWRA-6210 | Rosebud Quartz Latite | Porphyritic Trachydacite Intrusion: Dikes and Sills Moderate Kaolinite
P-375 | NWRA-6211 | Upper Bud Ignimbrite Welded Trachydacite Ignimbrite | Weak Montmorillonite
P-358 | NWRA-6212 | Rosebud Quartz Latite | Porphyritic Trachydacite Intrusion: Dikes and Sills Weak Montmorillonite
P-360 | NWRA-6213 | Upper Bud Pebble Conglomerate Volcaniclastic or Lapilli Tuff Weak Kaolinite
P-359 | NWRA-6214 | Chocolate Lavas Hornblende (biotite) Trachydacite | Flow-laminated Lava Flow Very Weak Kaolinite
NWRA-6215 | Rosebud Quartz Latite | Porphyritic Trachydacite Diatreme(?) Breccia Moderate Kaolinite
NWRA-6216
NWRA-6217
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ROSEBUD STRATIGRAPHY

AGE

GROUP

FORMATION

MEMBER

COMPOSITION

THICKNESS
(Feet)

Pleistocene

Pliocene (<6 Ma)

Pliocene

LOWER
SULFUR
GROUP

ALLUVIUM, COLLUVIUM, TALUS

CAMEL CONGLOMERATE

40 to >250

LACUSTRINE DEPOSITS

KAMMA
MOUNTAINS
VOLCANIC
GROUP

KAMMA "ANDESITE"

CHOCOLATE
FORMATION

INTRUSIONS

RELAY PORPHYRY

ROSEBUD QUARTZ LATITE

Trachydacite

SPOTTED VITROPHYRE

WHITE ALPS PORPHYRY

BAGER MEMBER

CHOCOLATE MEMBER

CHOCOLATE LAPILLI TUFF

SOUTH RIDGE LAVA

ROSEBUD MEMBER

CHOCOLATE LAVA

Trachydacite

BUD MEMBER

Rhyolite

WILD ROSE MEMBER

Alkali Rhyolite

LBT LAVAS

MINE TOS

Trachydacite

2 to >250

DOZER
FORMATION

Alkali Rhyolite

OSCAR
FORMATION

TCS

OSCAR "ANDESITE"

OSCAR MEMBER

BARREL SPRINGS
FORMATION

BARREL SPRINGS MEMBER

Rhyolite

>2000

RABBITHOLE RIDGE MEMBER

Rhyodacite

Triassic to Jurassic

AULD LANG
SYNE GROUP

UNDIFFERENTIATED




STRATIGRAPHIC CORRELATIONS

MINE STRATIGRAPHY DISTRICT STRATIGRAPHY
SOUTH ZONE WORELAND BAST MEMBER FORMATION
ZONES
SULFUR GROUP UNDIFFERENTIATED SULFUR GROUP UNDIFFERENTIATED
Not Present KAMMA ANDESITE
GORILLA PORPHYRY
MARKER PORPHYRIES i
Includes the Fine-grained Pink Porphyry and Vitrophyre RELAY PORPHYRY
ROSEBUD QUARTZ LATITE
Not Present BADGER MEMBER
CHOCOLATE LAVA CHOCOLATE LAVA
Undifferentiated Amphibole-dominant
CHOCOLATE LAVA
LITHIC LAPILLI TUFF AUTOBRECCIA
CHOCOLATE CHOCOLATE LAVA CHOCOLATE LAVAS
Undifferentiated Undifferentiated Biotite-dominant
ROSEBUD VOLCANIC
FINE CRYSTALLINE TCS MEMBER
CHOCOLATE LAVA SOUTH RIDGE LAVAS
Undifferentiated Amphibole-dominant
UPPER BUD UPPER BUD
PORPHYRITIC
— AUTOBRECCIA WHITE ALPS PORPHYRY
i i CHOCOLATE
Undifferentiated MIDDLE BUD
LOWER BUD
Undifferentiated
LOWER BUD
FINE-GRAINED MASSIVE, PLANAR LAMINATED
LST "WANNA BE" VITROPHYRE
LST
FINE-GRAINED, SLIGHT
UPPER PINK MATRIX PLANAR LAMINATED
BRECCIA LBT /WILD ROSE
LAVAS
FLANAR LAMINATED FINE-GRAINED MASSIVE
SLIGHT PLANAR
VITROPHYRE LAMINATED
LOWER PINK MATRIX
BRECCIA FINE-GRAINED MASSIVE
OSCAR SEDIMENTS MINE TOS
PORPHYRITIC DOZER
DOZER DOZER
APHYRIC DOZER
TCS OSCAR MEMBER OSCAR
AULD LANG SYNE GROUP AULD LANG SYNE GROUP
Undifferentiated Undifferentiated




DREAMLAND REPORT June 1999
Holly McLachlan

Dreamland Re-logging Project:

The Dreamland re-logging effort was undertaken in order to identify the structures
that were most likely responsible for the deep 0.8 oz Au hit in the Dozer unit in RS-425, and
to determine how to best pursue this newly identified target with further drilling. In order to
do this it was necessary to establish a working stratigraphy in the ‘Chocolate Formation’
cover unit in the Dreamland area.

19 drillholes were re-logged, 8 with core tails. These were strictly stratigraphic re-
logs, done on the basis that grade was structurally controlled at Dreamland, and that the
purpose in re-logging was to locate significant structures that either controlled or offset
grade (see accompanying Dreamland.xls spreadsheet with strat picks).

The project was completed in 38 working days. It took about 25-30 days to identify
mappable and loggable stratigraphic units that could be correlated from hole to hole in the
immediate Dreamland area. The remaining time was used to draft the suite of 9 sub-
orthogonal cross-sections that accompany this report:

e 4 long, N55°W mine x-sections (1900NW, 2100NW, 2300NW and 2500NW)
e 4 NO3°E x-sections
e 1 NB0°E x-section

Surface information: Peter Mitchell's 1"=200" map, and Craig Byington’s structural
map in the Dreamland area were used in creating and interpreting the cross-sections.

STRATIGRAPHIC UNITS: The rock units employed in the Dreamland cross-sections
correspond for the most part with those used by Peter Mitchell in surface mapping over the
Dreamland target area. The Badger, RQL, Kamma Andesite (KA) and, the FeMag-phyric
sub-unit of the Chocolate effusives are four units he delineated in mapping that were readily
identifiable in drill cuttings. The Dozer and Auld Lang Syne are present at depth in the
Dreamland area, but do not crop out. Color codes are the same for logs and x-sections, and
are given with the unit descriptions below.

Badger: The Badger conglomerate had been identified in previous, small-scale
mapping of the Rosebud land package. It is a heterolithic to monolithic
conglomerate, and is exposed at surface on the north side of the Dreamland area. In
chips it can be pervasively lightly bleached compared to the underlying, fully
indurated rocks, or it can yield soft, brick-colored sandy-clay chips. It is difficult to
pick the base of the unit.

(Standard color code for this unit is light grey, Verithin 734%)

RQL: The RQL is the surface unit in the south 3/4ths of the Dreamland area. The
RQL is sill-like to laccolithic in overall shape. It is a comparatively late intrusive
feature that cuts the Tcs sediments, the Dozer and the Chocolate Group volcanics.
l The upper, glassy portion is strongly recrystallized along flow foliation and locally

strongly to moderately bleached and argillized. It appears to be relatively flat lying in

the Dreamland area and displays a moderately constant thickness of about 300’

away from the feeder zone intersected in RS-444.

Feeder zone: the RQL may have come up a long the same break that drops the
Dreamland rock package obliquely down to the south. Dikes of RQL are found at depth in




the Dozer in RS-444, however it has not yet been identified as cutting ALS in this area.
While the sill-like, upper portion of the unit tends to be flow-banded and may have originally
been glassy, at depth the groundmass is fine grained and massive. Phenocryst content is
the same in both. The color code is Lavender for the flow-banded RQL, and Violet for the
deeper, massive RQL, reflecting the fact that | was not initially sure that they constituted one
unit.

The RQL is characterized by variably elongate to equant sanidine (or possibly
orthoclase) phenocrysts that have distinctive rounded corners. These tend to resist
alteration to a greater degree than the more numerous plagioclase phenocrysts, which occur
either singly or commonly in glomeroporphyritic clusters +/- relict amphibole. The unit
contains characteristic sparse “quartz” eyes which are more common in the aphanitic, flow-
banded, flat-lying portion of the body. Pete Rogowski has suggested that some if not all of
these are entrained particles of glass, especially the ‘smoky’ quartz phenocrysts that | have
only found in the upper, sill-like portion of the unit.

The RQL extends northwest of the Dreamland target area as a narrow dike. It
appears as a sill closer to the mine in 96-385, and in the mine workings (Peter Mitchell).

Kamma Andesite: This highly distinctive unit appears to cross-cut stratigraphy and
is comparatively weakly altered in most places. It varies between about 200-300’ in
thickness and dips gently to the west. It has a fine-grained, massive, brown to dark
brown groundmass that is locally bleached to tan, and is characterized by strongly
glomeroporphyritic, white plagioclase phenocrysts.

This is the least altered of the major rock units in the area and may be a
comparatively late, intrusive body. It was not observed cutting the Dozer or Tcs sediments
as was the RQL, but the Kamma Andesite may be correlative with the ‘Bud Marker
Porphyry’ dike in the East Zone deposit. | do not remember seeing the diagnostic rounded
sanidines in the East zone dike that were characteristic of the BMP in the Dreamland holes
or in 96-385, which is the hole closest to the mine in which | have identified RQL. Peter
Mitchell stated that he has seen both the Kamma Andesite and the RQL as late, cross-
cutting features in the current mine workings.

Chocolate Flows (country rock): The Chocolate package described here lies below the
Kamma Andesite and is in apparent fault contact with the ubiquitous Dozer. It is modeled as
a set of shallowly west-dipping subunits, based primarily on the textural features identifiable
in chips. This package is modeled as dipping subparallel to the overlying Kamma Andesite.

FeMag-phyric sub-unit: This is the major ‘type’ Chocolate Lava identified by Peter.
It has a tan, massive, fine-grained groundmass and is characterized by acicular
subhedral to euhedral dark brown relict amphiboles +/- biotites. The amphiboles
average about 3mm to 1-0.5 mm, and have an unusually skinny, almost platey habit.
The distribution of these characterizing FeMag phenocrysts is highly variable. They
can be almost completely absent over thicknesses of 100-200’, and tend to be more
densely distributed in the upper portions of the unit (solid Tuscan Red). There are
also very sparse plagioclase phenocrysts locally in this unit, or in related sub-units in
the Chocolate Flows package.

Bud-like volcaniclastics: Locally, clay-altered unwelded to semi-welded
volcaniclastics are found within and at the base of the Chocolate Lava. The chips
through these intervals are soft, mottled or highly variable in color. These
volcaniclastic or epiclastic units are usually 20-35’ thick.




Mmb/sub-aphyric/flow-banded: This unit extends into the core tails of 3-4 drillholes
and is characterized on the basis of some larger-scale textural features that do not
show up readily in chips. It is often separated from the overlying Chocolate Lava by a
thin bud-like layer. It contains sparse feldspar and amphibole phenocrysts, and is
characterized by its mmb’s, aphanitic to fine-grained devitrified groundmass and
planar laminations. It varies in color from dusty lavender to off-white, depending on
the degree of bleaching.This unit is not the LBT. The LBT as seen in RS-446 lacks
mmbs, lacks phenocrysts, and is texturally distinct, exhibiting none of the signs of
glassy/devitrified.

Dozer: The Dozer is in the footwall of the Cave Fault throughout the Dreamland
area. It is fine-grained, totally aphyric, and variably grey, cream or light sage green in
color. It is somewhat less aphanitic than many of the overlying units (LBT, mmb-
bearing, sub-aphyric Chocolate Flow).

. Tcs: Tertiary siltstone through conglomerate, with ALS clasts and grains common.
Not seen in the immediate Dreamland drilling.

in the Dreamland area. It is black, shiny and graphitic on shear planes, and shot

. Auld Lang Syne: The Mesozoic basement is intensely carbonaceous and sheared
through with sparry white calcite veins.

STRUCTURE: There are 2 main structural breaks in the Dreamland target area. A set of
high angle strike-slip or oblique-slip structures are the most prominent surface features, and
at depth the low angle Cave fault (or related faults) place Chocolate on top of Dozer in many
drillholes.

Cave Fault: The Cave fault places mmb-bearing Chocolate on Dozer in RS-408 in the
Dreamland area. The regional attitude of the Cave fault is N43°E, 24°NW (Byington), and |
have modeled it accordingly, with an apparent dip of 8.5° on the N60°E cross-section. It
appears to project in a fairly straight line from where Charlie Muerhoff and Kurt Allen
identified it to the southeast near to mine area. This may be something of an accident
however, given that it disappears across the significant offset between RS-444, and RS-408,
425, and 450. It may be dropped down to the south of the Dreamland area.

Conjugate High-angle shears: | have interpreted the Cave fault as being dissected by a
nearly east-west striking, multi-strand, high-angle, oblique-slip fault set. This break was
mapped by Craig Byington, and is well suited to explaining the changes in rock units as one
goes south from the Dreamland target area. Byington has 3-4 strands mapped at surface;
I've labeled them 0,1, and 2, with 2 splitting into 2A and 2B on the west side of the study
area (see 1"=200" map) Fault #3 does not appear to affect the rock units in the immediate
Dreamland area. Fault #4 takes over from this multi-strand break on the west side of the
study area; Byington has it cutting off 1,2A, and 2B just east of my westernmost NO3°E
cross-section (478425E).

There appears to be only a modest amount of down to the south movement on the
2A and 2B strands of the fault, although with bedding dipping west this apparent offset could




be explained by modest left lateral movement, in keeping with Byington’s interpretation for
post-ore offset.

There must have been significant strike-slip movement on either the 0 and/or 1
strands of this fault set. The rock units in RS-423 and (even more so) in RS-424 are
sufficiently different from the Dreamland stratigraphy that up/down motion cannot account
for the changes. Most of the apparent down-to-the-south motion is likewise taken up on the
#1, although there may have been just as much motion on the #0. There is not enough drill
data to the south of the Dreamland target area to say otherwise.

DRILLHOLE RECOMMENDATIONS:

RS-425 appears to be in the same structural block as RS-408 (see N60E cross-
section for the best view). If my interpretation is correct and the #2A & 2B fault traces come
through north of the 0.8 oz Au hit in RS-425, then a possible explanation for the grade could
be that it is located just below the intersection of a major high-angle shear trace and the
Cave fault. These high-angle faults (0 thru 2A&B) were mined historically at the surface, and
Byington postulates that they form a set of conjugate shears with the South Ridge and Cave
fault set. The intersections of these fault sets would be prospective, and may be tested by
drilling an angle hole from the RS-408 pad designed to intersect the Dozer just below the
present intercept. If there were a low angle trace extending up to the northeast from RS-408
it would be intersected. Given the uncertainty over where specific high-angle fault traces cut
through these rocks, a pair of 180° angle holes would probably be needed to begin to pin
down an ore trend.




Dreamland Lithology Table Holly McLachlin, Junss

Drillhole # Badger RQL Mixed Lith Breccia RaL Kamma Andesite  Tc:Bud-like ~ Kamma Andesite  Tc:Bud-like Tc: Femag-phyric
from from from from from from from from
97-399 0 30 365 450 535 null null null 768
RS-400 0 170 null null 490 null null null 837
RS-401 0 145 null null 520 null null null 675
RS-402 null 0 null null null null null null null
RS-405 0 155 400 null 450 null null null 835
RS-408 0 17 810 null 840 null null null 1078
RS-423 0 35 null null null null null null 393
RS-424 0 75 290 null null null null null 350
RS-425 null 0 435 null 640 null null null 1020
RS-443* 0 20 null null null
RS-444 null 0 150 500 null null null null 1300
RS-450 0 100 360 null 445 null null null 895
RB-1 null 0 390 null null null null null null
RB-2 null 0 350 null null null null null 433
RB-5 null 0 null null null null null null null
RB-6 0 null null null null null null null null
RL-223
RL-224

* need to relog
RS-446 null 0 130 null 265 550 645 855 991




Dreamland Lithology Table \
, —
Tc: Bud-like Tc: mmb/aphyric Cave Flt Dozer RQL Dozer RQL Dozer ALS TD
from from from from from from from from from
910 null 1005
977 1000 1310 1490 1501.5 1593 1609 2365
null null null null null null null null 200
1000 1045 1225 null null null null null 1500
1431 1442.5 1565 null null null null 2257 2269
null null null 815 null null null null 1140
null null null 585 965 null null null 1500
1250 1300 1551 null null null null 2397.5 2418
null null 1746 1778 1871.5 1872.5 1970 null 2047
975
null null null null null null null null null 500
null null null null null null null null null 660
null null null null null null null null null 425
null null null null null null null null null 405
Bud mixed LBT Low angle Bud LBT fault LBT BX LBT

fault
1648-1749.5 1749.5-1767.5 1767.5-2021.3 2005.6-2021.3 2021.3-2043 2043-2189.5 2189.5-2195 2195-2236 2236-2362




.

Dreamland Lithology Table Holly McLach\"\‘r“(’;‘sm_\

\""‘{\

RQL Wht Alps? Tos? Tcs RQL Tcs ALS

2362-2447.6 2447.6-2460  2460- 2866.6-2952.2 2952.2-3024 3024-3070.




To:

Fr:

Re:

v

Newmont Exploration Ltd
Rosebud Mining Company LLC

George Langstaff Date: October 27, 1997

R. B. Vance

Reply to your 10/20/97 memo on Rosebud stratigraphy

The compilation table you assembled will be most useful as a consolidated

reference as we move forward in our attempt to figure out the true stratigraphy at
Rosebud. In response to your memo, I commented directly on the text (copy attached). I
also expanded a few points below; the following numbers correspond to those written on
the text.

1.

(OS]

&

10.

I’ve found some petrographic reports in the mine office, and I will get copies for the
trailers. There also are some files of whole-rock data generated by LAC, and perhaps
Hecla. For whole-rock data, we probably will have to collect our own samples. We
should discuss standardized procedures for collecting samples. I likewise am not
especially impressed by Pasteur’s petrographic descriptions, which seem to
encompass every chemical type under the sun.

I believe Formation with a capital F are units that are formally defined (type section,
etc.). Formation with a lower-case “f” are informal mappable units. The Kamma
Mitns group and its components are all informal. The Auld Lang Syne Group is
formal.

Yes, I’ve noticed quite a variation. We will resolve this using petrography.

Isn’t it exposed on the South Ridge? Perhaps that is not the best place to see it? We
have many drill holes that should penetrate it. Once we know what it looks like, we
can decide how to define it.

We will discuss the correlation over time, but I was leaning towards Steve’s
interpretation, except units 1-2 were Lower Bud, and units 8? and 9 were Bud Tuff.
Ditto for Tcs, Tos, and Oscar sediment problem. I do not believe they are the same.
By the way, is the rhyolite “flow” northeast of the mine area in the Badger, mapped
by Brady, truly a flow in the Badger?

There are distinctive marker beds, they just may not be extensive. (So they are
distinctive “locally”, and not very useful).

The red color in the Badger stands out nicely on the air photos. At the base it is
orange, going up it is red to maroon. I’m more convinced than ever that the color
photos will help us in the mapping.

Alteration: most of the light colored outcrops (except for some of the Dozer) are
argillized. Many of Brady’s Tri units are silicification and argillization along
structures.




Hecla’s Stratigraphy from the Geology Model

Table 1 was assembled from Hecla’s geology model. The units are not exactly the
same as the 9 stratigraphic units in Table 2, but I haven’t had time to discuss the
differences with Kurt. (The model as shown on the sections may be somewhat
dated.) There are several contradictions in the geologic model. I make the following
points. First, the units change thickness on the same section as one crosses the high-
angle NE striking faults. I asked Charlie Muirhoff why, but he didn’t offer a
reasonable explanation, except for the PMBX, which he conceded could be
hydrothermal alteration. Second, the very important LST is not modelled in the
southern part of the South zone. If they can’t see it in core holes spaced 25 feet apart,
then its usefulness as a stratigraphic unit in the greater mine area is limited, and it has
little value across the district. Third, the FGT shown below, and on the modelled
sections, has apparently been subdivided into the Upper Bud--Bud Marker--Lower
Bud Tuff units. Fourth, the Bud Marker Bed actually consists of 3 marker beds (two
are common, 1 is less common, according to Charlie). Ifit really is seen in 2 or 3
places, it is not really a marker bed. Kurt believes it is a sill. Lastly, we discussed the
other day the Tcs/Tos/Oscar sediments problem.

Charlie and I also discussed the presence or absence of Tcs at the base of the Tertiary
pile. As we develop the structure contour map, and supplement it with logging and
relogging, we should routinely make a judgment call on whether the basal contact of
the Tertiary section is faulted or depositional. (I would quickly add that RS-410 is a
faulted contact, with an impressive number of intensely polished shear planes and
lacking any sandstone, pebble conglomerate, or siltstone.)

Recommendations for Attacking the Stratigraphic Problems

I have several thoughts on where we go from here. The next step requires an
emphasis on the rocks, which means we should begin relogging select holes across
fences through the mine area. We’ve spent enough time examining what others have
done, and I don’t see the answers we need using the previous data. Santa Fe was on
the right track, but they relogged and correlated only one hole (RL-89¢), instead of
dozens.

We should construct a northwest and/or northeast fence of 5-10 holes extending from
outside the deposit, through Dozer Hill, and beyond the other side. The holes should
be deep ones, showing as much of the section as possible. We can’t get bogged down
with alteration at this point, so it might work best to start on both ends and work
towards the deposit. As alteration intensity increases, we may have to rely on earlier
logs, the mine model, etc. Undoubtedly structures will complicate things, but we
should try to work around them.




. The emphasis should be on the Bud-Chocolate and Dozer-Bud contacts, with further
internal subdivisions, if possible. As we build the fence diagram, more details will
emerge. The ultimate goal is to correlate Hecla’s LBT (which on average is only
300-400 feet thick, including PMBX) with its stratigraphic corollary outside the mine.

. For each hole relogged, a strip chart should be prepared, showing rock type and color,
and interpreted strat unit. The strip charts should be at a common scale (1: 10?). This
will allow us to “hang” the various strat columns on the wall for correlation.

. We need to assemble all of the past petrographic studies in one file (in the trailer) and
assess which are most useful, before we begin submitting more thin sections or
samples for whole-rock oxide analysis.

. After studying the air photos, I’m suspicious that there may be significant periods of
erosion between some of the pyroclastic units and flows. If correct, the contacts will
not be planar, but instead will be irregular, showing channels and fills (typical of
many volcanic sequences, of course!). As one example, the contact on the eastern
end of South Ridge between the Upper Bud and Chocolate is not parallel to the base
of the welded contact on the upper flank of Big Chocolate Mountain. Additional field
checking of existing 1:2400 maps should resolve these problems. I noted on Friday
the SFPG geologists recognized this phenomenon (summarized in their monthly
reports). Incidentally, they concluded late in the year (1996) that the mine sequence
(LBT) does correlate to the Brady andesite.




Table 1. Hecla modelled stratigraphy

Hecla mine sections (1:20 scale)
South Zone Looking NE

Apparent thicknesses of the major modelled stratigraphic units, in feet

Unit [Abbrev. | 100S 50S ON 100N | 200N 300N 400N 500N 700N
9 |Bud >50 >60 >45 >60 145 >160 >120 >110
8 |FGT 30 42 35,42 70| 60,70 60,40,70| 60,150 150 150
5 |PMBX 120 95| 75,115 58,130 130 137| 140,190 65,110 95
4 |[FGT 93 90 84 102 >75 >110 135 100 96
2 |Tos >40 >65 >120 >55 - - >50 >60
Total Thickness 333 352 406 417 420 477 645 470 401
Notes: RBV, 10/97

Unit numbers refer to modelling domains, not stratigraphic units.
LST (leopard spotted texture) is identified only on the northern 4 or'5 sections, and occurs
in the upper FGT unit. Where LST is present, the unit numbers are 6 for FGT, 7 for LST, and 8 for FGT.

Numbers separated by commas indicate differing thicknesses on the same section,

segregated by high angle faults.




Table 2. Hecla’s Rosebud mine stratigraphic section

Qal

CT
UBUD
BMB
LBUD
LBT

Tos
DT
Tes

@

© N oA

©

alluvium, Qc

erosional unconformity

Chocolate tuff
Upper Bud
Bud marker bed
Lower Bud +uff
~Lewer-Bud-tuff (0-600 feet)
monolithic autobrecciated, fine-grained tuff (FGT)
massive-bedded, fine-grained tuff (FGT)

. planar-laminated, fine-grained tuff, local flow-shear

(PLAT)
medium-grained, wavy-laminated airfall (?) tuff
vesicular, flow-banded tuff with leopard spot texture (LST)
massive, very fine-grained vitrophyre
matrix-supported, chaotic-bedded, heterolithic tuff breccia
clast-supported, chaotic-bedded, mono/heterolithic tuff
breccia
flow-banded, matrix-supported, lithic tuff breccia
Oscar sediments
Dozer tuff
Basal Tertiary sediments

erosional unconformity

Jtra

Auld Lang Syne Group
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From: Gail Mahood <gail@pangea.Stanford. EDU>
To: VA_WINN.Winnemucca(PMIT1)

Date: Fri, Apr 23, 1999 5:55 PM

Subject: Rosebud petrography

Hi Peter:

I've sent some petrographic observations by snail mail and am
sending them as an attachment to this e-mail. Forgot to mention in that
letter that | looked over the chemistry you sent. It's a little hard to
interpret because I'm not sure which samples are which, and the petrography
shows many of the rocks to be highly silicified or to contain lots of
calcite, but the main point | take away from the data is that the rocks are
a little on the alkalic side, but not likely to have been truly
peralkaline. Maybe the best comparison to unaltered rocks would be to the
Yellowstone silicic rocks.

Give me a call if you have any questions after reading it.

Regards,
Gail




Peter Mitchell - pete

4/23/99

Dear Pete:

I've been looking at the thin sections and hand specimens you sent me. The following comments are based
entirely on petrographic affinities, since I still struggle with the Buds, the LBT (which isn’t the same thing as the
Lower Bud Tuff), the tuffs versus lavas flip flops, and the various rose names as they relate to stratigraphy! With
some feedback from you about where the rocks fit into the stratigraphy, we might be able to come to some firmer
conclusions.

SOUTH RIDGE TRAVERSE

3620A and 3621 look similar in that they both contain relatively large glomeroporphyritic clots of good plagioclase
plus a population of smaller feldspar phenocrysts that are strongly zoned, show poorly developed twinning, and
often show anomalous blue extinction colors, which lead me to conclude that they are more anorthoclase-like in
composition (these latter could look like sanidine in hand specimen). The abundance of mafic microphenos (all
totally shot, but look like amphibole) and the abundance of groundmass mafics indicate that these are too mafic to
be rhyolitic. Also, phenos are fairly abundant, at which stage I'd expect to see quartz, which I don’t see as a pheno
in thin section (though I could believe that you run across them occasionally in hand specimen). So I’d call these
two samples porphyritic hornblende trachydacite lavas. The samples aren’t from the same lava, because 3621 has a
much higher proportion of phenocrysts (about 15%), but they could be related units.

3622, 3623, and 3626 are very similar-looking lavas; 3623 and 3626 are more highly altered with the development
of incipient “spots” in the groundmass typical of slightly alkalic lavas. All of these lavas have sparse plagioclase
phenocrysts and plag microphenocrysts in a felted groundmass rich in feldspar and oxides. Because 3622 is less
altered, I can identify sparse opx microphenocrysts, and what looks like one olivine microphenocryst. These are the
kinds of rocks that commonly used to get called latites. Now they’d probably be called trachydacites.




Peter Mitchell - pete

3620B is a lava intermediate between 3620A and 3622/23/26 in crystal content, but if one wanted to lump it with
something else, I’d be inclined to lump it with 3622/23/26 because the microphenocrysts are sparse and they appear
to be plag, rather than the ternary-ish feldspar in 3620A. This sample is strongly silicified.

3625A is a massive aphyric lava. Forced to give this aphyric rock a name, I’d call it an alkali rhyolite, but I am not
confident of that name. The groundmass has enough oxides in it that this clearly isn’t a typical rhyolite; it’s got to
be a more Fe-rich alkali rhyolite if it is a rhyolite. It’s got the light color of rhyolites, as opposed to trachydacites or
trachytes, but that could be a function of silicification.

3625B is a strongly silicified lava that contains very sparse small plagioclase phenocrysts and sparse plag
microphenocrysts. Based on what I see in thin section, I believe that what appears to be quartz phenocrysts in hand
specimen (as described on the hand-written sheet) is actually secondary quartz filling holes. This sample shares
with 3622, 3623, and 3626 the presence of plag phenos and microphenos, though in smaller proportions. In terms
of light color it is more like 3625A but this could just be silicification. So I don’t know which way to assign it.
This would be a case where an analysis might help.

3628 is listed as a massive to weakly flow-banded lava under "our name" and as Dozer under "old name", but the
thin section and hand specimen of that number are rhyolitic crystal lapilli tuff. I think this must just be some sort of
transposition of sample numbers. The majority of this tuff consists of ash-sized pumiceous clasts, but there are also
fragments of dense perlitic glass and of other fragmental rocks (perhaps ignimbrites). The little reddish clasts look
like trachytic volcanic rock with abundant oxides. Crystals are plagioclase and sanidine.

3624 is also a rhyolitic lapilli taff. It differs from 3628 in consisting almost entirely of pumiceous clasts (though
there are some dense perlitic clasts) that seem like they could have been derived from a single source. It also
contains many fewer feldspar crystals. The sample is silicified.

3627 is a densely welded ignimbrite. It contains small phenocrysts of plagioclase, sanidine, and quartz, which
makes it rhyolitic in composition. It contains volcanic lithics that have a felted groundmass texture like 3626.
Contains abundant cc.
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WILDROSE CANYON

3631 is a strongly flow-laminated, strongly silicified alkali rhyolite lava in Wildrose Canyon that contains sparse
sanidine phenocrysts and microphenocrysts. I’d call it an alkali rhyolite based on the absence of plag phenos and
the fact that I don’t see ghosts of lots of mafics (though admitedly the rock is so far gone in silicification that this
may have removed evidence for mafics). (Because it has obvious sanidine and no plag, I wouldn’t lump it with
3622 and 3623, which means it might be better to not call them Wildrose and to, instead, retain the name
Chocolate.)

3632 is a perlitic alkali rhyolite vitrophyre that contains sparse phenocrysts of sanidine and plagioclase, as well as
microphenocrysts of a green (Fe-rich?) amphibole. The glassy groundmass is strongly hydrated and perlitic. The
texture looks a bit like the sort of densely welded vitriclastic texture characteristic of some of the high-temperature
ignimbrites in NW Nevada, in which the glassy shards are blocky rather than tricuspate. On the other hand, I know
that you can get psuedo-clastic textures in hydrated and altered rocks. So I’d want to walk out this feeder to see if it
fed a lava or an ignimbrite.

ROSEBUD PEAK

3633 is listed as vesicular Rosebud quartz latite under "our name" and as Chocolate Tuff under "old name". The
thin section looks to me like a very strongly silicified lapilli tuff. So does the sawed surface of the rock, but I can
see how someone would call the weathered surface a quartz latite with mafic xenoliths. I suppose that another
interpretation would be that it is an autobreccia of a lava flow. But even if that’s what it is, I wouldn’t make it an
autobreccia of the Rosebud lava/intrusion because phenocrysts aren’t as abundant as they are in 3620A and 3621
and because the phenos are mostly sanidine (though, admittedly it does look like a fair number of the phenos were
plucked in making the section). What looks to me like secondary quartz cements the grains together. I would call
this a strongly silicified rhyolitic crystal lapilli tuff.
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BARREL SPRINGS AREA

3615 is a rheomorphic porphyritic devitrified rhyodacitic ignimbrite.

3616 is a rhyodacitic crystal vitric tuff. Contains crystals of plagioclase and sanidine; little or no quartz. Probably
of fallout origin or very slightly reworked in a lake setting.

3617 is a tuffaceous siltstone. Probably a lake deposit.
3618 is a rhyolitic crystal vitric lapilli tuff. It contains abundant crystals of plag and quartz and lesser sanidine.

Most of the lapilli are pumice. It has beautiful vitriclastic texture, with delicate shard shapes preserved, indicating
that it hasn’t been reworked much.

If you’ve got any questions or comments, let me know. I figured I’d hold onto the thin sections and
samples until we had talked, in case, based on your thoughts, I want to go back and take a look at them again.

Best regards,

Gail Mahood
Professor




Newmont Exploration Ltd.
Rosebud Joint Venture

To:  Randy Vance Date: October 20, 1997

Fr:  George Langstaff

- Subj: Problems of Stratigraphic Nomenclature

The following findings are based on an examination of written material related to
stratigraphic nomenclature of rocks in the Rosebud area (e.g., map legends, figures, reports).
Eleven stratigraphic legends have been compiled into a single table for ease of comparison
(attached). The table consists of direct quotations with punctuation changes, minor deletions
(primarily for Brady), and the use of abbreviations. Text I have inserted is delineated by square
brackets. No attempt has been made to reconcile the various stratigraphic legends with the
various geologic maps or to verify the geologic maps.

There are few petrographic and no geochemical data to support written descriptions of
the various rock units. Sample locations for the eight samples submitted to Paster by Kortemeier
are not known. Paster’s petrographic descriptions of Brady’s 33 rock samples are not entirely
consistent with Bradvy’s descriptions of the respective rock units. For example, heterolithic tuff ™~ T ¢ 9ree
(according to Paster) was mapped as Chocolate vent facies, lithic tuff was mapped as lake '
sediments, vitric tuff was mapped as intrusive Dozer (Wildrose Canyon), and there is a high
degree of variability between samples from the same rock unit. However, no attempt is made
here to modify Brady’s descriptions to match Paster’s.

In spite of the limited scope of this study and the uncritical reliance on what has been
written, a few observations which should help us understand what has been done and what can
still be done in terms of stratigraphy are possible.

7' looKk for
Hranmr .

1. Much of the stratigraphic nomenclature is inconsistent with standards for formal stratigraphic — Covrect
nomenclature. However, most workers have used the same sequence of units (though not
necessarily the same characteristics or contacts) so established rock unit names will probably be "
adequate for exploration purposes., buf we need 15 defue’ Ham beller, There are tfoo rrany buzz terms
osmd «me.hu
2. Composition terms, such as Dozer Rhyolite and Brady Andesite, have not been documented by
whole-rock geochemical data. Use of the term “formation” would be more proper but is probably .
not necessary at this point. Agree. We wul gt WRO dita of the Pozec amd See ¥ it 1 Thyolde. T suspe
Turner’s proposal to use the term “sequence” for some units is inadvisable given the way ~ Br*4y T_“t‘“
the term is currently used by stratigraphers’=""Formation” and “member” can be used informally to m;‘:’ ke 7
subdivide the Kamma Mountains Group in whatever detail is necessary or expedient.
The generally indiscriminate use of the terms “tuff” and “base surge” as rock unit names
has been rightly criticized by Turner. 0K, bt « rd

7

Wﬁrm, \ not a r°Ck/ ho'\L 0K,
T agree. Must be pyrocleshe, so Pozer 7‘-u{{- 15 Meorrect, .
3. Some rock units are unique to specific authors and would not be useful without field checking. Agree

Examples include the Goblin Gulch Dacite and Knob Gulch Breccia of Mueller, the Brown




What 15 The 7 2

Rhyolite Flow of Brady, and the Black Knob and AAA members of the Chocolate Formation of
Kortemeier and McLachlan (CPK/HSM). Sorne we sy adl st ”wif/rvécéé Py

4. Descriptions of the Gator formation differ substantially (compare Massingill and CPK/HSM).
Either Gator or Badger overlies the Chocolate Formation on Massingill’s map but CPK/HSM may
not have recognized this. Field checking would be necessary to verify that the distinction between

the GatorandBadgerisause&?ne. T bebeve F will be. Chorlic s
on Cudor adlse. Cator My be abseps /oc-%‘

- Reported phenocryst contents of massive Chocolate units differ. Sanidine reported by LAC

eologists may have been misidentified (without the benefit of thin sections?). Brady, CPK/HSM,
and Allen reported plagioclase. LAC, Brady, and Allen reported biotite but CPK/HSM reported
amphibole as the mafic phase. CPK/HSM emphasized the glomeroporphyritic textures of
plagioclase in massive Chocolate units but other observers did not mention it.

Maynard, LAC, Mueller, Brady, Dirt Biker, and Allen but lithic tuff by Massingill, SFPG,

6. There are contradictory interpretations of the Upper Bud. It is considered epiclastic breccia by
DK <
CPK/HSM, and Muerhoff and Holmes.

7. The lower contact of the Chocolate Formation is one of the key contacts within the Kamma
Mountains Group. Unfortunately, there are few guidelines for placing the contact. CPK/HSM
even state that it is a gradational contact between Chocolate surge tuff and Bud surge tuff (no
mention of the genetically related ash-flow tuff which should overlie a base surge) and Mueller
also indicates that the lowermost Chocolate member is “Bud-like”. Information examined so far
does not indicate how one is to distinguish “Bud-like” Chocolate Formation from “genuine” Bud.
Perhaps the contact has been placed at the top of the uppermost green rocks.

There are possibly three ways to pick the lower contact of the Chocolate Formation: at the
base of the first massive flow or sill (as suggested by Turner), at the top of the bedded breccia
underlying lithic tuff (as implied by Maynard and Dirt Biker), or at the top of the uppermost
breccia or lithic tuff. The first choice will not work if the flows or sills are laterally discontinuous
or if sills are not parallel to bedding. The second will not work if lateral facies equivalents of the
bedded breccia are not bedded or if the bedded unit is only locally developed (such as in
paleotopographic lows) and this choice may in fact split genetically related deposits into different
formations. The third choice is the least ambiguous lithologically and stratigraphically but would
also be compromised by lateral facies changes and may also split genetically related components
of the same pyroclastic eruption.

8. SFPG geologists and Turner have postulated equivalence of the “Mine Host Sequence”, or
LBT, and the Brady Andesite. The following evidence suggests the Brady Andesite is more likely
equivalent to the Bud Marker Bed:




Brady Andesite LBT Bud Marker Bed
Depth below Choc. Fm.  >150’ (SFPG), 200’ (Maynard) >200" (M&H) <100" M&H)
Thickness 300’ (SFPG) 320-440’ (Allen) 30-130° (Allen)
Height above Dozer Fm.  >1000’ (SFPG) 0-200° (M&H) 400-500° (Allen)
Upper contact Upper Bud Tuff (SFPG) Lower Bud (Allen) Middle Bud (Allen),
Upper Bud M&H)
Lower contact Lower Bud (SFPG) Tos, Dozer (Allen) Lower Bud (Allen)
Phenocrysts amph. (SFPG), plag & bi (Brady) none plag (Allen)
Vesicles none yes (Allen) none (Allen)
Laminations/ Flow yes (SFPG), not mentioned yes (Allen) none (Allen)
banding (Maynard, Brady)
Breccia/Tuff crystal-lithic (SFPG) heterolithic (M&H), none (Allen)
monolithic (Allen),
ash (Allen)

Contact relations and textures suggest the Bud Marker Bed is a better match to the Brady
Andesite than the LBT. Thicknesses are imprecise but indicate the Brady Andesite and Bud
Marker Bed are closer to the Chocolate Fm. than to the Dozer Fm. whereas the LBT is in contact
with the Dozer Fm. or, locally, Tos. The absence of crystal-lithic tuff and the lesser thickness of
the Bud Marker Bed could be explained by thinning and merging of the two sills (as named by
Maynard) or flows of the Brady Andesite toward the mine area. Termination of the tuff could
thus be due to intrusion or to stratigraphic pinchout. Alternatively, one of the sills or flows of the
Brady Andesite may pinch out toward the mine area.

If the Brady Andesite and Bud Marker Bed are equivalent, where is the LBT on the
surface? It would be equivalent to Tbb! of Massingill, Tcb2 of Maynard, LBT of LAC, Wildrose
Rhyolite of Mueller and Dirt Biker(?), and Tbs1 of Brady and would be included in the Lower

Bud of SFPG.

9. Sedimentary rocks which directly overlie the Auld Lang Syne Group have been referred to by
Several names but are distinctive in that they contain clasts of only pre-Tertiary rocks. These
sandstones and conglomerates are interbedded locally with basalt (Mueller) or andesite (Dirt

Biker, Brady). They lie stratigraphically below the Dozer Formation. This suite of sedimentary

and volcanic rocks has been pamed the Oscar orrggtioglé )y mf
However, thiduérfxgﬂ' and Holmes and of Allen includes lithic tuff

and breccia which has onlya minor amount of Auld Lang Syne clasts and is stratigraphically
above the Dozer Formation. If the two Oscar Formations are equivalent, the formation must
contain an upper part which is dominantly volcaniclastic and the intervening Dozer Formation
must be intrusive. '

Turner’s “Lower Bud Sequence” contains Auld Lang Syne clasts near the base and so may
include what Allen considers Oscar Formation.

10. The Kamma Mountains Group contains an abundance of pale, massive, very fine grained to
aphanitic volcanic and subvolcanic rocks. Phenocrysts are generally rare and fine grained.
Although they may be of some help in identification in core, they are probably of little use at the
surface. Identification of these fine grained rocks 1s probfematic. Most workers have lumped
most such rocks within the Dozer Formation. _ I aree

To complicate matters further, the Dozer is described as a flow dome complex by Brady
and Turner. Conceivably, both intrusive and extrusive rock bodies could be assigned to the unit. Correct-

Yes
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However, if the Dozer Formation on South Ridge is the extrusive flow dome and is overlain by Corred
the Lower Bud, then similar rocks higher in the section, such as those north of Wildrose ,
Canyon(?) and at the east end of Rosebud Canyon, must be younger and should be named ¢ Corr ecl. Steve

; ade s ot~
something else. g Lo
& : Zp. Unkdl we
11. There are no distinctive marker beds in the Rosebud mine area so long-range correlations are Codf: we
difficult. In fact, massive aphyric or weakly porphyritic units, plagioclase-phyric flows or sills,  séu/ af;,,’n
monolithic breccias, lithic tuffs, and flow-banded rocks occur throughout the section. Sepatrats nape
GLAV‘C""J

= Green rocks of the Bud Formation on South Ridge have caught the eye of many workers
but there is no guarantee the green color persists laterally or is stratigraphically significant.
Bedding is apparently restricted to the Bud and Oscar formations and rocks younger than 4 Caslo r
the Chocolate. Although the presence of bedding may be indicative of the Bud Formation (in the
absence of Auld Lang Syne clasts) if between the Dozer and the Chocolate, not all the Bud is
bedded.
Brady emphasized the characteristic red silty matrix of the Badger but Massingill saw red
@ matrix in the lower Bud (equivalent to Red-Brown Ugly Unit of Lac and LBT) and single
outcrops in the Kamma Mountains show gradations from red to grey matrices.
The Rosetta Stone for Kamma Mountains stratigraphy has not yet been found. If the

various primary volcanic units are geochemically distinctive, whole-rock analyses of major, minor,
and trace elements may help.
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ROSEBUD J.V.
To: Whomever Date: November 23, 1998
From: George Langstaff
Subject: GL’s Descriptive Rock Nomenclature for Rosebud Logging

Rocks are identified as felsic volcanic rock (F), mafic volcanic rock (M), tuff (T),
breccia (B), or sedimentary rock (S) as follows:
A. Volcanic Rocks (dominantly aphanitic)
1. Root Name — Composition
F — felsic, few mafic minerals (e.g., trachyte, dacite)
M — mafic, more mafic minerals (e.g., andesite, trachyte)
2. Prefix - Structure
b — brecciated (includes flow breccia as well as strongly fractured rock)
s — pseudobreccia (formed by alteration along fractures)
3. 1% Suffix — Texture
a — aphyric (no phenocrysts >=1 mm)
p — porphyritic
distinctive varieties:
sp — sparsely porphyritic (=<1% phenocrysts)
cp — coarsely porphyritic (some phenocrysts >4 mm)
a. 2" Suffix — Minerals (precede with dash; if more than one, list from
least to most abundant, left to right, e.g., Fp-q,p.k)

q — quartz b - biotite

f — feldspar h - hornblende

p — plagioclase y - pyroxene

k - K-feldspar 0 - olivine

4. Parentheses — Descriptive Features

am — amygdaloidal sp - spherulitic
bd — banded ve - vesicular
gl - glassy

Im — laminated (planar features =<2 mm)
mmb — contains mafic magma blobs

Examples: Mcp-y,p — coarsely porphyritic pyroxene < plagioclase-phyric basalt

bFa — brecciated, aphyric rhyolite

Fsp-f(mmb) — sparsely porphyritic, feldspar(can’t be identified)-phyric

latite with mafic magma blobs
Note: Alteration can eliminate mafic phenocrysts, can make K-feldspar and
plagioclase indistinguishable, and can make porphyritic rocks appear to be aphyric.
The abundance of phenocrysts can vary within the same unit and some types

of phenocrysts (e.g., quartz) may not be present everywhere.




B. Pyroclastic Rocks
1. Root Name
T - Tuff
2. 1%'Suffix — Fragment Type (if more than one, list from least to most abundant
left to right and separate by slashes, e.g., Tv/c)
a — ash (=<2 mm by definition but more useful to identify pyroclasts >=1
mm as lithic, vitric, or crystal)
b - blocks + lapilli + ash (>6.4 cm)
1 - lithic lapilli + ash
v - vitric lapilli + ash (icludes shards and pumice)
¢ - crystal lapilli + ash
a. 2™ Suffix — Minerals
see A.3.a. above
3. Parentheses — Descriptive Features
Ip - lithophysal
sw - strongly welded
ww - weakly welded
and see A.4. above

Examples: Ta — ash tuff
Tl/c-q,k — lithic < crystal lapilli-ash tuff with quartz < sanidine
phenocrysts

C. Breccias — if extrusive, pyroclastic, or sedimentary origin is uncertain; otherwise use
protolith root name; can include fault breccias if protolith is uncertain
1. Root Name
B - Breccia
2. 1% Suffix — Number of Clast Types
m — monomict
p - polymict
3. 2™ Suffix — Support
¢ — clast-supported
X — matrix-supported
4. 3" Suffix — Rounding of Clasts
r — rounded
s — subrounded to subangular
a — angular

Examples: Bmca — monomict, clast-supported breccia with dominantly angular clasts
Bpxa/s — polymict, matrix-supported breccia with subrounded clasts more
abundant than angular clasts




D. Sedimentary Rocks
1. Root Name
S — clastic sedimentary rock
2. 1%'Suffix — Dominant Clast Size
¢ — conglomerate (>2 mm)
a. Prefix — Support
¢ — clast-supported
X — matrix-supported
s — sandstone (.0625 to 2 mm)
m — mudstone (<.0625 mm, includes silt and clay)
3. 2" Suffix — Secondary Clast Size (if more than one, list from least to most
abundant and separate by slashes, e.g., Sst/p)
p — pebbly, conglomeratic
n - sandy
d - muddy
t - tuffaceous
4. 3rd Suffix — Structure
1 - massive (beds >10 m thick)
2 - thick-bedded (.05-10 m thick)
3 - medium-bedded (.01-.05 m thick)
4 - thin-bedded (1-10 cm thick)
S - laminated (<1 cm thick)
5. Parentheses — Descriptive Features
bt - bioturbated
cs - cross stratification
fs - fossils
gn - normally graded bedding
gr - reversely graded bedding
sf - syn-sedimentary folds

Examples: xSctl — tuffaceous, matrix-supported conglomerate without apparent
bedding
Ssd4(gn) — thin-bedded, muddy sandstone with normally graded bedding
Sm — massive mudstone
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1 STRATIGRAPHY OR THE ROSEBUD MINE AREA heavy lines represent unconformities | ]
2 South Ridge : Dozer Hill Area —— South Ridge S e, Dozer, N of RShear, Black Knob Rosebud Canyon e e South & Noith Zones East Zone
3 Massingill (1988) LAC (1990) -Maynard LAC (1991) Mueller (1991) Eradv (1985) SFPG (1996) TISICPR (1”7" - urner (1997) Dirt Biker (1993) Muerhoff & Holmes (1995) Allen (1997)
3 Ths hot springs sinter deposits
5 Teb eruptive breccia sequence at Oscar (=Twb-white
3 breccia unit of Wallace
7 T |Tertiary fangiomerate-angular to subrounded frags of volcanic and pre-Tertiary Tsc _|Camel Comglomerate-conglomerate and Tee Camel Cgltited, pebble congk composed of well
8 b 1t; thickens to E in SW area; flooded with opaline cement that |scree breccia rounded clasts of J ic-Triassic and Cret. rocks
3 intensifies along range-bounding faultin east; probably correlative
TN with lower Came! Conglomerate b fissure basalt flows, thin basalt flows found NE Kamma
11 [Tos _|Barrel Springs-voicaniclastic conglomerate, sand, sitstone and mudstone, sparse Mz clasts, Ts Lake sediments-volcanic ash deposited in local lekes along margins of Ts _ |Lake Sediments-volcanic ash and iTts tuffaceous sediments-clay-rich, mainly sittstones &
12 [abundant voicanic lasts; interbedded unwelded pyrociastic/airfal tuffs Kamma Mins; incompletely lithified air tuff and fine voicanic ash debris lacustrine sediments mudstones (probably lake bed sediments) as found at
13 |Tpi  |Pansy Leeconglomerate, sand, sitst &mdst, abundant Mz clasts (no volcanic clests); clast size, 3 depesited in thin horizontal layers “Wiggle™ survey contral point and the small patch found
14 |abundance and rounding decreases upward through unit 3 southeast of KM-7 -
15 [Tbt  |Badger-conglomerate, clay, siit, sand, airfall tuffs, bedded clay matrix conglomerate interbedded Tb  |Badger Tb Badger-epiciastic breccia & fanglomerate o |Badger-anguiar to semirounded volcanic frags 3-5" diameter derived mainly from Tb  |Badger (& Gator) Formation-hematitic, ITbf Badger Fm-thick pile of volcaniclastic sediments
18 with lacustrine/floodplain finer grained beds; laharic in part mmTuﬂ;mdsmmmbwumﬁags;mwmmm volcaniclastic and conglomeratic breccias- including debris flows, laharic breccias, and
17 [Tgb |Gator Breccia-pyroclastic breccia, matrix of welded, flow-banded, crystal- and Ithic-rich rhyoiitic Teg  |Gator Tor | rhyoiite flows ake sediments, thin rhyolite flow breccia near top; probably alluvial fan along Tg Gator Frmvbrecoia member(7), imbricated, locally well rounded red sitty matrix epiclastic sediments
18 tuff; clasts up to bomb size of mostly fi-bnd tuff, possibly Intrusive vent facies in places, massive jcentral and eastern Kamma Mtns prior to basin-range faulting ongk 50 voloaric clasle an sy X
19 |1t [chocolate-pyrociastic, erystal-rich (sanidine and bictite), welded, rhyolitic-quartz latitic, Tct  |Chocolate Formation CT Chocolate Tuff-maroon and grey moderately Tct Chocolate volcanics-rhyolite flows & pyroclastics Te Chocolate Tuff Te Chocolate Te el Tc Chocolate Formation Tov Chocolate volcanics-generally consists of a thick pile of Tet Chocolate Tuff-series of interbedded, fine-grain ash flow tuff and coarse- Te Checolate Fm-effusive & intrusive volcanics ranging from latitic to andesitic in compesition
20 flow-banded tuff; lithic rich in places; muttiple cooling units Tet|tuff-siliceous, welded tuff, sparse phenos welded, fine grained sanidine-bearing tuff, Tet|fg rhyoiite flows, 2-5% plag phenos+-bi; purple-brown ists of ic lahars (Tcbx), welded and flow banded ash Tepl|porphyritic lava-med gray, dense, flow-banded, sparsely TebkifBrack Knob bk o gray, denee, Jed, andesiic: Chocolate Fiow-flow-banded, sparsely porphyritic, quartz latite to alkali rhyolite flows and grain, poorly sorted, matrix- to clast-sup, heterolithic volcanic breccia Tefg|undifferentiated Tcfg-dominantly fine-grained, porphyritic, latitic to andesitic, volc flows with
2l of bictite and sanidine, maroon to gray to lithic tuff and volcanic breccia (CIC, TCP); locally Tex|fg rhyoiite flows, 5-15% plag phenos {flaws (Tw), vapor-phase altered flows (Tcy), vitrophyres as well as porphyritic andesite; flow follation discordant with bedding stubby, locally I""" m_@u“m,m m'mcmnm porphyritic, latitic flow - local eruptive ic breccia units that ranges in thickness from 0 ta 600 ft interbedded autobreccias; glassy to sugary textured gmass with 10-15% 1-8 mm,
22 chocolate brown; resistant: maroon lithics - includes green, giauconite-rich, lithic lapill extensive areas of non-welded ash flow tuffs (Tc) all of probable Teasa|faan = e am pirse center Teu|Upper Choc flow and pyroclastic breccia member subhedral-euhedral plag phenos replaced by varying amounts of clay, hematite, pyrite,
23 tapilli size tuff horizons especially near its basa (C2C); qtrartzhﬂew:4-10%.1-3.5mmplag,1-3%_2-1mmbi, toSmm»mhbyplagph;ma'meyflﬁﬂTﬁﬁMﬁ &calnﬂe.mdS’b.S—Smn,subhedeeMdhﬂaMNph&nusmphcedhyhmaﬁe
24| g alteration typically consists of bleaching and gmass composed of feldspar, clay, quartz and hematite hough more porpiyriic. and lees flow bandad
25 “Y Tep|py ics-coarse, unbedded pyroclastics; moderate to strong argillization Tep|pyrociastic and debris flow breccias Tetjtuffs-nonwelded lithic tuffs w/Choc frags T@uiiﬂm uffs-well bedded ed lthic tuffs wiChee frags Chocolate Tuff-non-welded fithic tuffs Tem|Middle Choc green pyroclastic breccia member| & Tlit|monalithic, lithic lapilli tuff breccia or autobreccia with miner, biock sized clasts;
25 & tuffaceous mairix block-aized ithics near Talfltee — ided Ithic bx,labars(7), o, compositionally, the sub-unit is latitic to andesitic with the same phenocryst content
27| base; gray to red Toxp|pyrociastics, 5-15% plag phencs Temp|Marker Forphyries-glomeroporphyritic lava flows Temp|(Marker Porofyries s, aiunmjckghmrworphyrﬂichﬁﬂm: |Marker Porphyries-glomeroporphytitic as undifferentiated Tcfg
28 ‘\‘. Teilintermediate flows (andesite, dacite) ok 251 bablohs TSI T8 Ghooitsts |nows or sils i Tcfg|fine-grained, porphyritic, latitic to andesitic, volcanic flow containing up to 5% fine-grained,
29 ; [ dissem, specular(?) hematite, some of which have replaced hbi(?); phenos rarely
30| \ | ! achieve lengths of .6 mm; contains rare clay-altered, probable augite phenos up
3| N I | to .6 mm and minor clay-altered plag phenos; reddish brown in color
32 i | Tempp|fine-grained, ive, light pink to tan, slightly porphyritic andesitic intrusive; .5-1% phenos of
33 =¥ [ Tcl|rhyolite with dark lithics, locally pessible ash flow tuff Tel|Lower Choc flow and pyroclastic breccia member | ‘8 mm laths of clay-aitered plag phenos in an aphanitic gmass; contains up to 2% of .1-2 mm,
33 o i Tce|epiclastic breccia or sediment, Bud-like Tbf _ |Brown Rhyolite Fiow-masswe fine-grained, myuliteﬂow.sﬂ'latappearm Interfinger Tesl surge tuff-includes 3 ft weided Ithic ash flow fuff wiclasts dissemn py cubes; white to light greten vitr:uphyre (Tevit) surroundsmen'largins—oftms intrusive-
35 M 4] Ioﬂhe Choc Tuff, 1% .02-2.5 mm plag, 1-2% .1-1 mm bictite, gmass of s jonal contact with Bud Surge Tuff consists of a glassy margin of the intrusive that subsequently has been devitrified and altered
35 i ll‘ddspar. limenite, quartz, and biotite - to a light green to white clay; clay still retains devitrified textures; up to 170 Rt with 40 ft vitrophy
37 |Tbbx |Bud Breccia Tcb2|Bud bedded pyroclastics lBudBx [Bud Breccia Tbv Bud voicanics-epiclastic breccia, cgl, sdst & debris flow Tbs  |Base Surge Deposits UpBud  |Upper Bud Tuff-tan, brown, white, and red, Tbs1 |Upper Bud Sequence-we'l bedded, lithic Tov Genuine Bud volcanics-up to 5 (or more?) members which Tbt Bud Tuff-3 distinct lithclegic members have been identified Tof Bud Formation-effusive & intrusive volcanics ranging from latitic to andestic in compesition;
38 _ well bedded moderate to well sorted i deposits with interbedded rhyolite flows; epiciastics poorly Ithified, horizontal layers of well sorted epiciasts; layers may poorly sorted lithic tuff breccias -breccias; graded bedding commenly include 3 green pyrociastic breccia members typically a green, crudely bedded, poorly sorted, lithic lapill tuff with local interbedded
39 T pyroclastics; red to brown to pale green ] green and purple 2ggregate 1-3 ft thick showing graded bedding and encompass valcanic separaled by 2 fine-grained rhyciite flow members zones of volcanic breccia and epiclastics
40 | Tobalupper pyroclastic member-pyrociasts breccia of weided, flow-banded, crystal- and [hic-rich, : upper|green to locally brown, crudely bedded, Toe|epiciastic deposits, bedded Md&dsdﬂmﬁrmmammwmgmhm|mmm Tbup|Upper Genuine Bud-generally thin-bedded, green upper|Upper Bud member-latitic, lithic-lapilli ash flow tuff with associated tuff Ubud fine-grained, base surge deposit (Brady 96) with clasts up to 4 mm in size of fine-grained
41 | quariz latitic tuff. clasts up to bomb size of mostly flow-banded tuff sorted ithic lapilll tuff and volcanic breccia; B ____ |nerizons numbered from 1 at base ; interfinger with andesite flows [ = pyrociastic breccia member [ © breccia and epiclastics (r d tuff) up to 100 ft thick velcanic of uncertain comp; flow laminations are commen throughout the unit; clasts are
42 variably glauconitic; bleached when akRered | X e lwhm&mmwclmmmmmcmmmm
43 light to dark green in color with common chiorite?
“4l 3 Tbuf|Upper marker flow member - ¥ 1., 7 Pbx|Porphyritic Autotreccia-fine-grained, sightly porphyritic, hyoiic? autobreccis; ciasts are
25 5" Mbm,hﬂamﬂw&hﬁ,mmﬂdhmw
46 a - mmmmawmmmwbmmm;
ARY) : |autobreceia appears to be stratabound
48 Rter - Middle green pyroclastic breccia member [ | Wludll-lalpﬂpﬂmmahndm.mwmm
7o) ) ol Iﬁp,!i:ﬂ.ﬂhmhﬂhmngruhﬁd.&i';hﬂpﬁhndh%ﬂuw
8 B into a fine-grail ;nwﬁychﬁ-ap.mmhrwchwmmwggnhmof.ﬁ’;_ di
50 l\ mupm;m-gmknd.mtﬂx-sup,lﬂhich.sﬂbmcciauﬂhmavgyﬂnslzedﬁ-f:
2 clasts in the upper portion of this sub-unit appear to contain clasts composed of the Choe Fm.
53 2ol ) generally light green to dark green in color
54 ":g Ts|felsite sili-maroon, fine-grained, equigranular TMB |grey to locally brown, fg porpyritic tuff marker bed; Thbe| Choc-fike rhyolite interbedded with Tbe; sparse bi | Tajthin andesite flows, most very fg; 1-3% .02-.2 mm plag; 1-3% .05-.5 mm bi UpBrand |Upper Brady Andesite-same as lower Ta _ |Brady Andesite-fine-grained flow, planar ThiffLower marker flow member = Fradi, ovnclsfs ? Bud Mir|Bud Marker Bed member-porphyritic, alkall rhy flow that ranges from 0-120 BMB &ﬂmﬂwﬁed-pwphwiﬁc,MdhwsN;mmuph4%1-2msm,W
55| 2 = Tcb2)Bud Gray Tuff-gray, crystaliithic tuff 3-5% euhedral feldspar phenes (up to 3mm) which to several % phenos; includes TMB Ths3|same as Tbsd, above |Brur Brady Tuff-mottied, crystal-fithic tuff |fow mminaticns - intervening ithic tuff ft in thickness; this flow is often highly fractured, argillized to silicified, and [md@mmmmmdwawnﬁ;msm;
56 | a Ts|feisite sill-maroon, fine-grained, equigranutar are commonly replaced by clay or pyrite when Tbw| Wildrose-like rhyolite interbedded with The; aphyric Ta|same as Ta, above LwBrand |Lower Brady Andesite-pale green to dark purple vfg breccia often contains widespread anomalous gold and silver mineralization generally fight brown; appears to slightly cross-cut stratigraphy
BT [&30: lattered andesite; flow-banded on cm to mm; 5% amphibole to 2 mm I
58 | Tbb2|bedded medium to thick bedded, epiclastic and pyrociastic breccia, weak to strong Tcb2|Bud bedded pyroclastics, as above lower|usually green, well bedded, lithic lapilli tuff and Tbe?| same as above Thbs2|same as The4, above LwBud _ |Lower Bud Tuff-heteroiithic, non-welded tuffs; dominantly - |Tes2 |Lower Bud Sequence-heterolithic, well Thip) Lower green pyroclastic breccia member Z ) lower] Lower Bud member-ranges in thickness from 0 - 100 ft and is a latitic, lithic- Lbud|base surge deposit grading from a strongly flow-laminated, coarse-grained, matrix- fo cast-sup,
59 M&wmummmum.wmmmm Tcb2|Bud crystal-lithic tuff epiclastic rocks with abundant green glauconite pink rhyoilte clasts, locally phyfiite chips from b t; bedded, lithic tuff-breccias & volcaniclastic o lapilli (flamme) ash fiow tuff and tuff breccia, with a minor, discontinucus mkmmmmamm,mﬂp,mmm;mmmgm
60 ﬁ{{m locally medium brown, pumice-rich, moderately units with reverse and normai grading - epiclastic component euﬁakﬁngwmcﬂ;daﬂsammmmwmwbyﬂmmmm
61 : N welded ash flow tuff; coarse lithic tuffs contain includes fragments of the Auld Lang Syne ite? clasts in a clayey matrix, very similar to the Ubud sub-unit
62 ms]mm«mm‘ pale red matrix, weak to moderate consolidation, Tcb1|channel-filling hetero-lithic tuff LBT  |Lower Bud Tuff-red-brown(RBUR), tan and Twr/LBT IWNRWMMWE.MM. Tbs1|same as Tbs4, above pink flow-banded rhy clasts; tuffs are Growp and ciasts of Dozer towards the Twrv Wild Rose volcanics-at least 3 mmebers, inciuding the LBT unit [LBT-comprised of up to 600 ft of fine-grain, waterlain and airfall tuff and Lbt LBT Fm-effusive (possibly intrusive?) andesitic to latitic volcanics
63 Imwmmmmmumwmmm lithic tuff and fine-grained to banded Im«mmmu deformed near contact base upper and lower, flow and pyro breccia members and 2 lithic ash fiow tuff and tuff breccia; this unit is highly fractured with wide-
64 to cobble size massive 3 tuff, when mineralized, It is typically bieached laminated; includes LBT discontinuous, thin-beddd, green, predom pyro breccias pread zones of intense arg and fract-controlled to pervasive silicification |
65 and argilized with a distinctive fiesh and/or Twruf| Upper flow and pyroclastic breccia member 1|monolithic, autobrecciated, fine-grain tuff fgmasfine-grained, andesitic to latitic ash tuff or lava flow; contains no visible phenocrysts
66 pale green grey appearance 2|massive-bedded, fine-grain tuff and lacks laminations
67 Twd|intrusive or flow domes 3|planar-laminated, fine-grain tuff (with local shearing) Igsplat|fine-grained, slightly planar laminated, andesttic to Iatitic lava flow or ash tuff; aphanitic
68 = 4|medium-grain, wavy-laminated airfall(?) tuff containing no visible phenocrysts
69 Twi?|intermediate flows, porphyritic S|vesicular, flow-banded tuff (leopard spot texture) fgmgspk|speckled flow-fine- to medium-grained, andesitic to latitic lava flow or ash tuff; contains varied
= vesicle sizes and perc 1ges of vesicles; probably correlates with Leopard Skin Tuff
71 Twd|same as above 6| massive, very fine-grain vitrophyre
72 Twrmp|Middle green pyrociastic breccia member| Z) 7| matrix-sup, chactic-bedded, heterolithic tuff breccia BxJappears to be a monolithic, matrix- to clast-sup, volc block and ash flow tuff or autobx: clasts
73 8|clast-sup, chaotic-bedded, monolithic tuff breccia range in size from fapilli to block and are composed of slightly planar laminated ash tuff or flow;
74 9|flow-banded, matrix-sup, lithic tuff breccia probably correlates to the Pink Matrix Breccia
= masvftappeafstobeafg.massiveashmﬂorﬂnwthalaporﬁonofwhichlsaclay-a?tereddevﬂglass
76 Twrif| Lower flow and pyrociastic breccia member /T ( fgmas|fine-grained, massive, andesitic to latitic ash tuff or lava flow
77 Twrlp|Lower green, thin-bedded, pyroclastic brecciarhember < Oscar | Oscar Sediments-coarse-grain epiclastics (reworked tuff) with occasional Tos consists of a latitic? base surge deposit very similar to the Lbud Fm except the Tos Fm contains
78 : B TN linterbedded lithic ash flow tuff trace amounts up to 5% frags of phylifte belonging to Tr-J Auld Lang Syne Fm
79 |Tdt  |Dozer Tuff-pyrociastic, bedded, poorly welded, crystal poor, thyodacitic tuff, crystal- and Td __ |Dozer Tut DT |Dozer Tuff-pale green to grey fine-grained Td Dozer Rhyolite-fg, aphyric, olive bowrn to sage green Tdf __|Dezer Formation-probably flow dome complex of rhyolite composition; mest is Tdt Dozer Rhyolite Td _ |Dozer Formation-flow-banded, locally dv Dozer volcanics-probably an early rhyclite flow domne Tt Dozer Tuff-ranges in thickness from O to locally 1000 ft in the project area; Tdf Dazer Formation-consists of rhyoiitic (latitic? as petrographically described by Ted Paster),
80 lithic-bearing in places, flow-banded in places, multiple ceoling units, multiple vitrophyres near Td|laminated member-laminated, welded tuff, densely welded tuff, lacks visible phencs; (locally pink, grey or purple) rhy flows; variadle foliation |Nlow-banded, piaty rhyoiite; 2 specific flow doines idertifiec. one at NE oo ic i Tdujupper laminatec member-paie tan, white to pinkish, flow vesicular probably exogenous rhy flow [ complex; appears that considerable topo relief on top aphanitic, fine-grain, siliceous, weakly flow-laminated, ash flow tuff with fine-grained, flow laminated (planar) lava flow or intrusive? with areas of autobracdaliona;'ld
81 base of unit vitrophyric, vitrophyre partly gone to bleached when altered aftitudes; locally inciudes pyroclastic breccia, undiff Jmoum of Rosebud Canyon, one N of Wildrose Canyon; <1% .1-.2mm banded rhyolite; locally spherulitic especially near contact; dome(s) with significant relief on its upper Tidb Flow dome breccia-similar in nature to Dozer flow dome local ‘ghost, monolithic autobreccia; where mineralized, the Dozer Tuff vesicular-rich portions; usually light green in color but can vary into reddish browns
82 spherulites Tgg Goblin Guich Dacite-fg, aphyric, magnetite-bearing |sanidine, gmass of quartz, feldspar, magnetite and glass well developed monolithic autobreccia within surface seq; however, are composed dominantly of monolithic, is fractured, pervasively silicified (near total replacement is not uncommon),
83 | dacite flow; blocky to planar jointed; dark brown R e ! 100 ft of contact -upper flow faminated zone dome-related, breccia bodies and some related near- and argillized
83 i weathering; dark grey fresh interior Tdl{lower granular member (equivalent to "Brown Flow” or Wild Rose vent flows and flow breccias; best exposures of these
85| Td|granular member-granular, tan-colored ! Tkg Knob Guich Breccia-pyrociastic breccia with clasts Flow Domes) rocks ocour at the E end of Rosebud Canyon
8| L tuff | of Tgg, Twr, and Td; locally bedded epiciastic breccia
87| = i and pebble conglomerate Tos [Oscar-multiple andesite flows similar to *Ta"; most fine grained, one coarser; Tos |Oscar Sequence of Oscar Fm-series of intermediate to mafic but predom
88 g] | |5-8% .2-2 mm plag, 4-5% .05-1 mm allered bi, gmass feldspar and hematite Tos|Oscar andesite-andesttic flows, generaily iandesiﬁcwleenicrbwsmsubordinateimmded
sl X ! fine-grained with flow breccias & tuffs conglomerate (J-T and K ciasts) and tuffaceous
90| 8 sediment interbec:
91 1y rans h'anshiomlsedimmts—bmﬂynt:dmm basal T T transitional sequence-conglomerate, laminated siltstone Tes|Basal Tertiary Seds-carbonaceous s Sedi y rocks-generallly consisting of sands, silts, 8TS Basal Tertiary Sediments-di sous, thin (0~100 ) series of
92| ™ ; sediments composed of thinly bedded grey to black interbedded with basalt fiows sandstone, siltstone, and pebble & cgl which at Dozer Hill directly overlie the J-Tr aemqmoemmxﬂstone,simne,andpebblemngbmma
93 | siltstone and sandstone derived from Mesazoic conglomerate ba t rocks and are presumed to be equiv to the
94 basement rocks eedimsta:ypoﬂlonsnmseOscaannnation(Toﬂ
95 Jurassic - Trisssic Auld Lang Syne Group - carbonaceous phyliite, minor gt2-rich metzsandstone and argilaceous metacarbonate, quartz veins » Pl oy il T e
8| FIF 72 DARK GREY } == Zeme ' e
97 |INTRUSIVES =& T
98 |Tia  |andesite intrusive Tid  |dikes Ti feldspar porphyry intrusions and dikes Tdi _ |Resebud Canyon Rhyolite Dome-intrusive breccia with weak flow banding; il Latite dikes and plugs [shown younger than the
99 [Tif felsite intrusive Tis silis | 5% <.2 mm quartz, 2% hematite (after pyrite?), gmass .01-.05 mm fe ldsy Chocolate Formation]
100{Tb ic intrusive breccia, rhyolitic(?) matrix and clasts 1 Tebx__|Chocolate Vent Breccia-vertical flow banding
101[Tir_[intrusive rhyoite, probably vent areas of Chocolate Formation L Tri|small dikes and silis-12% .2-2.5 mm feldspar, 4% 32 mm sanidine, 1% 31 mm
102fTH  |intrusive quartz latitie, probably vent areas of Chocolate Formation ' ' quartz, 1% biotite altered to chiorite, gmass of feldspar, quartz and glass
103 Tri Dreamland Intrusive-crystal-rich rhyolite; 30-35% .02-2.5 mm sanidine and
104 orthoclase, 20% .5-1.5 mm gtz, 1% .1-2 mm muscovite, gmass of clay, feld, otz y=auy 7 5
105 | Te vent|Chocolate Fissure Vent-angular fragments of Ta and Tc Vil TCHEC
108! Tof venfIntrusive Dome for Tbi-intrusive breccia and vertical fiow banding
107 : Td/Tdi |Wildrose Canyon Intusive-flow dome similar to Rosebud Intrusive; + M“ S”EET
108] ! 1-2% 2-1.5 mm feldspar, B0-85% lithic fragments composed of Tdi lapil, '
1021 ] 10-15% gmass of quartz and clay

110]






