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APPENDIX A. A PONDED MASSIVE FLOW
AND PILLOW VOLCANO

AT ANSHS HILL

Al LOCATION AND SIGNIFICANCE

Anstl Hhll, located 750m north of Minnova's Ansil Mine, 1s situated near the
stratigraphic centre of the Rusty Ridge formation in the Ansil Secior {(Map 11, A
rhyolite dome of the Northwest formation directly underlies the Rusty Ridee
formanon at Ansil Hill and contrbures there to the marked decrease in thickness
of this formation.

Ansil Hill is not only ane of the best exposures to illustrate subaquecus
andesitic flow morphology in the Neranda arvea, but 15 also the most accessible.
Andesitic flows display textures and structures which tvpify subaqueous andesitic
sheet {lows and tube-ted pillowed flows. Ansil Hill also provides a unique exposure
of a ponded massive How and pillow volcano complete with underiving feeder

dike.
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A.2 STRATIGRAPHY AND UNIT DESCRIPTIONS

A.2.1 STRATIGRAPHY

Ansil Hill is underlain by four andesitic flows (Map Units 1, 2, 3, and 4)
that strike north 45 cast and dip gently (15-25") to the southeast, and a
disconformable north 50" west striking, steeply (85") east dipping fault breccia.
The contacts and stratigraphic position of the flows are illustrated in the
stratigraphic column of Figure A.1. Map unit 1, a massive andesitic flow, underlies
strata at Ansil Hill and is conformably overlain by two tube-fed pillowed flows
(units 2 and 3) and by a massive andesitic flow (unit 4). A synvolcanie fault
offsets flows of units 1, 2 and 3 and influences the dispesition of unit 4, bur does
not offset this vounger flow.

The distribution of flows is illustrated in the geological map (Figure A.3),
[dealized east-west (A-A") and north-south (B-B") idealized cross-sections through

the Ansil Hill flows are shown in Figure A4,

A.2.2 LITHOLOGY and FIELD CHARACTERISTICS
Unit 1, Massive Andesitic Sheet Flow

The massive flow provides an excellent cross-section through a =40m thick
subaqueous andesitic sheet flow. Vertical vanations in both texture and structure

of the flow are illustrated in Figure A.2, and are discussed in detail in Chapter 5,



and briefly described below.

Massive, brown-weathering, fine-grained, aphyric andesite containing < 1%
amygdules (up to 2em) and 5%, <1mm-3mm mafic "spots" characterizes the bulk
of the flow. Within 3-4m of the flow top the flow is aphanitic and contains 5-
6% amygdules (up to 3cm) which increase in abundance to 12% within 1.5m of
the flow contact and thereafter decrease to <6% (Figure 2). Amygdules within
the flow interior are typically spherical and near the flow top, where the andesite
is laminar jointed, are elongate parallel to the flow contact and laminar joints.
Amygdules aligned along laminar joints have flat bottoms and arched rtops and are
elongate north-south presumably parallel to the flow direction. Large mega
amygdules, up to 20cm in diameter, are restricted to a 2-3m wide zone
approximately 4-5m from the flow top; these large amygdules are filled by quartz
and epidote.

Planar laminar joints are conspicuous within 5-6m of the flow top and
upward, within the flow, the number of joints increases and spacing between joints
decreases {Figure A.2). Laminar joints within 2m of the flow top are contorted
and conform to the shape of lobes (Figure A.2). The lobes are ribbon-like fingers
of massive andesite that project upward into the hyaloclastite-rich breceia tlow top.
Many of the lobes resemble elongate, amoeboid-shaped pillows with distinet chilled

margins that are outlined by a rusty sideromelane selvedge that continues into and

terminates within underlying massive andesite.
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The flow top breccia contains intact, isolated, amoehoid "pillows” that are
interpreted to have "budded" from lobes, angular blocky fragments of broken lohes,
and plate-like, laminar jointed fragments derived from lobe margins complete with
sideromelane selvedge within a microlitic and sideromelane shard hyaloclastite

matrix. The breccias are poorly sorted and range in thickness from <0.5m to 2m.

Unit 2, Tube-Fed Pillowed Flow

Tube-fed pillowed flows of unit 2 consist of aphyric, aphanitic, rusty
weathering amygdaloidal andesite. [n cross-section pillows have variable forms
and range from <1m to >5m in size whereas in plan, pillows occur as intertwined
elongate tubes with individual tubes traceable for 2m. Pillow interiors contain
< 6% amygdules whereas pillow margins and tops of pillows contain from 15-20%
amygdules (up to 3cm). Radially ariented pipe amygdules (3em long X 0.5cm
wide), although not common, occur along pillow margins. A thin (=1lcm),
resistant, rusty, chloritized sideromelane selvedge mantles pillows. The pillows are

densely packed and contain only minor hyaloclastite.

Unit 3, Tube-Fed Pillowed Flow
Tube-fed andesite of unit 3 is distincr from unit 2 in rhat it weathers (o a

deep tan, contains <8% amygdules (<1lcm-3cm) that are distributed evenly



ol3a
throughout pillows, and is characterized by well developed concentric joints filled
with epidote, actinolite, chlorite and quartz. Unit 3 is well exposed alang rhe top
of Ansil Hill where outcrop slopes reveal the elongate, intertwined tube-like form
of the pillows. Tube-elongation and branching of tubes indicate a northwest 1o
southeast paleoflow direction. Thin, chloritized, rusty, sideromelane selvedges

(<lcm wide) rim densely packed pillows that have lirtle interpillow hyalocastite,

Unit 4, Massive Andesite; "Ponded” Flow

- Massive andesite of Unit 4 is aphanitic, aphyric and weathers a light rusty
brown. The massive flow is homogeneous, contains < 1% amydgules (<1lcm) and
1s speckled with <1mm mafic spots (5%). Where in contact with other flows or
with fault breecia the flow is marked by an amygdaloidal (up to 20%), and chilled
border with a lem wide dark grey ro rusty chilled selvedge (Figure A.6).
Amygdules not only increase in abundance toward contacts but also upward within

the flow (Figure A.4, secticn A-A).

Fault Breccia

A breccia zone, <50cm wide, defines a northwest trending synvolcanic faulr.
The breceia consist of rounded to angular fragments of strongly amygdaloidal

(15% amygdules) andesite that is similar to both the amyedaloidal margin of the
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massive flow and adjacent pillowed flow of Unit 2. Radial pipc amygdules in
some [ragments suggest that the breccia is in part derved from brecciation of

adjacent pillows. The matrix consists of finer andesitic fragments and rusty, pyritic

hyaloclastite.

A2.3 PETROGRAPHY

Both massive and pillowed flows have relict hyalopihnic textures with
randomly oriented (weakly pilotaxitic in Unit 1) skeletal plagioclase microlites
(40-45%) in a fine homogeneous mesostasis of massive chlorite (30-40%), minor
actinolite (<5%) and interstitial grains of epidore (5-10%), quartz (<8%)} and
opaque minerals (10%). Microlites range from <0.5 mm to 1.0mm in length with
subhedral plagioclase phenocrysts (<1%} up to 1.2mm.

Amygdules with "concentric infilhing” are common and from margin o
interior the typical succession is granular to massive quartz, epidote and opaque
minerals, followed by chlorite and then epidote. Fine "dusty” opaque minerals
define coliform banding within massive, fine-grained quartz, lining some amygdules.
The groundmass is dotted with 5 to 10% irregular clots of massive chlonre up to
1.0mm in diameter: these clots grade into the chlorite mesastasis and are
interpreted as chleritized glass.

A fine-grained (<1.5mm) andesitic xenolith found near the flow top of Unit

1 massive andesite (Reference point X, Figure A.3) has a relict sub-ophitic texture.

Stubby albite crystals (<.8mm) constitute up to 35% of the groundmass and are
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partially surrounded by granular quartz (15% - up to 1.5mm) and massive chlorie
(30%) with interstitial granular epidote (10%), opaque minerals (6%) and trace

apatite.

A.2.4 ALTERATION

The principal alteration type is epidote-quartz alteration as deseribed in
Chapter 12. This alteration, comman in andesitic and basaltic flows, is typified by
total destruction of primary textures and mineralogy leaving an assemblage of
granular epidote and quartz with minor actinolite, carbonate and apaque minerals.
The alteration is characterized by an increase in Ca, a decrease or increase in Si,
and a marked decrease in Al, Fe, Na and Ti. {Gibson, 1979; Chapter 12) compared
to least altered andesite.

FEpidote-quartz alteration occurs as discrete, reund to irregular patches from
<2c¢m to >1m in size within both massive and pillowed flows. The alteration
preferentially developed around amygdules and displays a marked increase in
intensity toward flowtops and the vent area to the unit 2 pillowed flow.

[nterpillow hyaloclastite is often totally replaced by epidore and quartz,

A.2.5 CHEMICAL COMPOSITION

Five representative samples of least altered andesite from the four flow units

at Ansil Hill were analyzed for 11 major elements and selected trace elements
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(Table A.1). The samples show no textural or mineralogical evidence of alteration
and the analytical totals (>98%), lack of normative corundum and nepheline
(indicative of Ca depletion, Na enrichment) are compatible with only weak epidote-
quartz alteration and spilitization (Chapter 12). The data projected onto an AFM
diagram straddle the tholeiitic and calc-alkaline field boundary (Figure 5).
Normative mineralogy (Table A.2) indicate that they are tholeiitic andesite or
basalt ([rvine and Baragar, 1971) . The Fe-cnrichment or tholeiitic character of

the Ansil Hill flows 1s typical of the Rusty Ridge formarion.

A.3 DISTRIBUTION OF UNI'TS, FIELD RELATIONS ANID RECONSTRUCTION

The distribution of flows and their field relations allow recognition of a
fault-bounded, ponded flow and a small "pillow volcano'.

Mast of Ansil Hill is underlain by a massive flow of unit 1 which sinkes
northeast and dips shallowly to the southeast. The flow is thoughr to have issued
from a vent located within the Old Waite Dike Swarm 3 km the south.

Pillowed andesite of unit 2 issued from a feeder dike shown by F in Figure
A.3, and covered parts of unit 1. The feeder dike consists of aphanitic, aphyric,
weakly amvgdaloidal andesite with narrow chilled margins; it intrudes underlving
massive andesite and flow top breceia (unit 1) and grades into pillows of Unit 2.
This gradation is marked by an increase in amygdules within the dike, and by the

development of crude pillow-like forms that merge into large mega-pillows {=5m)
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which spread laterally and symmetrically away from the dike (Figure A.3). The
mega-pillows branch out and feed smaller tubes leaving a "spine” of large mega-
pillows which extends north to south across the outcrop. The spine is interpreted
to represent the core of a pillow "mound” or "volecano” built by continued eruptions
along its feeding fissure. The rapid thinning and pinchout of the unit 2 pillowed
flow 80m southwest of its fissure (Figure A.4, section A-A") supports the presence
of a localized pillow mound or voleano. Pillow volcanoes with similar morphelogy
have been identified within the Troodos Pillow lavas of Cyprus (H. Schmincke,
personal communication, 1983).

Discontinuous lenses of breceia intercalated with pillows in the vent area
are composed of angular pillow fragments in a fine-grained microlitic and
sideromelane shard hyaloclastite matrix. The breccias are interpreted to resulr
from collapse of partially drained tubes and may be similar to collapsed, hollow
pillows described by Ballard and Moore (1977) from subaqueous pillow volcanoces
along mid-ocean ridges.

The tube-fed pillowed flow of unit 3 issued from a vent located to the
northwest, and conformably covered pillows of unit 2. Angular fragments within
intact tubes are interpreted to have been derived from collapsed pillow shelves
within a partially drained tube that was subsequently re-inflated with new lava that

rafted fragments along the tube.
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The distribution and contact relations of unit 4 massive andesite, interpreted
as a ponded flow, are best described with respect to reference points on the
geological map of Figure A.3, and cross-sections of Figure A.4. The massive flow
is conformable along its lower contact with underlying, unit 3 pillowed flow at
point B. At point A the massive flow rests directly and conformably on massive
andesite of Unit 1 where pillowed flows of Unit 2 and 3 have pinched out (section
A-A’ and B-B’, Figure A 4).

At point C, the massive flow has a sharp and disconformable contact with
the tube-fed pillowed flow of Unit 3. This contact dips steeply (70") to the south
whereas strata dip 15%25" to the southeast (Figure A.6). The massive flow is
chilled against the pillowed flow [Figure A.6) and breccias conraining amygdaloidal
fragments identical to the massive flow margin, and laminar jointed fragments
indistinguishable from adjacent pillow borders occur in pockets along the contact.

Southeast striking breccias between points D and E mark a fault contact
hetween massive andesite and adjacent, older pillowed flows (Units 2 and 3). The
breccia contact is interpreted to be a primary synvoleanic fault similar to those
described by Ballard and Moore (1977) from mid-ocean ridges. The fault does not
offset flows north of point E, the interpreted hinge area, whereas strata to the
sourth and on the west side of the fault are down-faulted and tilted to the east
(Figure A.4). At point E, breccia located along the fault contact berween umts 4

and 2 abruptly terminates and Unit 3 pillow flows are covered by massive andesite
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(unit 4) with incipient pillows.

[n the reconstruction, andesite of Unit 4, entered the fault block from the
southwest where it was ponded against a synvoleanic fault scarp of older pillowed
flows (Units 2 and 3) until it overrode the fault scarp at E and ramped up against
down faulted pillows of Unit 3 at point C. Fragments within the fault breccia are
interpreted as debris derived through tectonic brecciation of pillows during faulting
and autobrecciation of the massive flow margin as it abutted against, and rose up

along the fault scarp.



Figure A.1. Stratigraphic column for the Ansil Hill flows. Numbers refer to map
units 1 through 4 in Figure A.3.

Unit 2 Unt =
Unit 1 235 5 ..-' contortad
8% amygdules—F¥ .:_ o _ ¢ — laminar joints
10% amygdules—0iit iy = —— == " ;(anar
mega amygdules—o - e ~— —— —| leminar joints
Iy -_ g =
3-6% amygdules —— - - ———
n } L S
Unit 1

1% amygdules ——

Figure A.2. Vertical variation in textures and structures within a massive andesitic
flow of unit 1.
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Pillow farms

Fault Breccia

Figure A.4. Idealized cross-sections through Ansil Hill. Reference points A-F
correspond with those in Figure A.3.




5. Representative samples of Ansil Hill flows straddle the tholeiitic - calc-
alkaline field boundary on the AFM diagram.

Figure A.
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Figure A.6. Sketch illustrating the discordant contact between the tube-fed
andesitic flow of unit 3 and the massive, ponded andesitic flow of unit 4
at reference point C. The massive flow is chilled and amygdaloidal adjacent

to pillows with local pockets of breccia developed at the contact.



TABLE A.1. CHEMICAL COMPOSITION OF ANDESITIC FLOWS
AT ANSIL HILL, RUSTY RIDGE FORMATION

Unit: 2 4 4 3 1 Xenolith

83-261 83-263 B83-264 83-265 83-266 [-82-43

Si0, 55.90 53.30 52.60 53.60 54.20 58.73
AlLO, 14.10 14.40 14.30 14.60 14.70 14.96
Fe,0,* 10.30 11.70 11.20 11.40 11.10 0.39
MgO 4.25 4.16 5.08 579 4.63 3.64
Ca0 6.21 6.43 7.22 4,98 4,92 3L AL
Na,O 4.30 4.49 3.57 4.46 4.69 4.25
KO 0.21 0.49 0.16 0.20 0.37 1.55
TiO, 152 1.60 1.63 1.65 1.58 1.25
PO 0.20 0.20 0.20 0.22 0.20 0.38
MnO 015 0.16 0.17 0.14 0.15 0.16
) - - - - - 0.00
Lol 2.00 1.93 2.39 Z: 62 223 -
Total 99.14 98.86 08.52 99.04 08.77 06.03
Ba 42
Cr 20 40 40 30 40 31
Zr 110 110 110 150 120 ET
Sr 130 120 150 50 150 95
Rb <10 <10 20 10 10 31
Y 48
Nb 6
7n 163
Ni 0

YRF Fused Pellet Analyses, X-Ray Assay Laboratories except [-82-43:
XRF Fused Pellet Analysis, Ottawa University

* Total Fe as Fe,O;



TABLE A2, CIPW NORMATIVE MINERALOGY OF ANDESITIC FLOWS AT ANSIL HILL

Unit: 2 4 4 3 1
83-261 83-263 83-264 83-265 83-266
Quartz 10.42 4.67 7.91 6.42 6.22
Orthoclase 128 3.00 0.99 1.23 2o
Albite 5 i 39.33 31.48 39.22 41.20
Anorthite 19.13 18.32 23.48 19.99 18.66
Diopside 4.68 5.06 5.37 1.80 2.20
Hedenbergite 4.70 6.11 4.99 1.68 2.23
Enstatite 6.65 6.38 8.39 10.22 8.79
Ferrosilite 7.65 8.84 8.95 10.91 10.20
Magnetite 4,52 4.65 4.73 4.75 4.64
[lmenite 2.98 3.15 3.23 3.26 S22
Apatite 0.48 0.48 0.48 0.53 0.48
[rvine and Baragar (1971) - Rock Name 83-261 - Tholeiitic Andesite

83-263 - Tholetitic Andesite
83-264 - Tholeiitic Basalt

83-265 - Tholelitic Andesite
83-266 - Tholeiitic Andesite
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APPENDIX B.
SUBAQUEOQUS
PHREATOMAGMATIC EXPLOSION BRECCIAS

AT BUTTERCUP HILL

B.1INTRODUCTION

White-fragment breccia, so-called because of the striking white colour of the
fragments, occurs as dikes and localized deposits conformable to the top of the
Amulet formation and wirthin the lowermost andesitic flows of the overlying
Millenbach Andesite formation. The Amulet and Millenbach Andesite formanons
oceur within the 3000m thick Mine Sequence, a cauldron-fill succession (Figure 1],

of the Archean, Noranda Volcanic Complex of the Abitibi greenstone belt 1n

northwestern Quebec (Gibson et al., 1984, Dimroth et al., 1982; Spence, 1976).
Within the Noranda Cauldron, the Buttercup Hill hreccias and numerous other
breccia dikes (Figure B.1) are clustered within 2 km of rhe synvolcanic McDougall-

Despina fault (Knuckey and Watkins, 1982; Setterfield, 1987).
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The breccias are interpreted here to record a period of widespread hydrovoleanic
explosions during magma resurgence prior to and duning the onset of Millenbach
Andesite voleanism, Buttercup [Hill provides z unique cross-sectional exposure of
a subaqueous, phreatomagmatic, explosion breccia deposit and its underlying feeder
dikes. An origin through successive, shallow, phreatomagmatic eruptions and
emplacement as fluidized hreccias is proposed. The breceia deposit at Buttercup
Hill is similar to coarse, blocky "explosion breceia” deposits which typically comprise
the basal deposits of subaerial maar valcanoes. Silicification and sericirizarion,
which predate and postdate emplacement of the breccias are described by Gibson
and Warkinson (1979) and Lesher et al., (1986), and are not described in detail

herein.

B.2 STRATIGRAPHY OF BUTTERCUP HILL

The simplified geologic map and accompanying cross-sections of Buttercup
Hill (Figure 2) illustrate the distribution of map units, and the stratigraphic column
(Figure 3) summanzes the stratigraphy and contact relations between the units,
The Amuler formation, upper member, is the basal siratigraphic unit exposed @t
Buttercup Hill. The upper member consists of variably silicified, andesitic flows.
The Amulet lower member is composed of rhyolitic flows (Chaprer 9). The
Millenhach Andesite formation conformably overlies the Amulet upper member from

which it is separated by the "C" Contact Tuff, a thin, plane-bedded deposit of ash
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and chert. The Millenbach Andesite formartion consists of massive and pillowed

andesiric flows and, near its hase, local deposits of breceia as at Buttercup Hill.

B.2.1 AMULET FORMATION, UPPER MEMBER

A green to white-weathering, plagioclase-porphyritic and amygdaloidal,
silicified, andesitic flow of the Amulet upper member forms the base of the
Buttercup Hill section. This flow is identical to others of the upper member and
consists of massive columnar jointed andesite, overlain by a lobe and chloritized,
vitrophyrie flow-breceia facies (Figure B.4).

Least altered andesite from the massive and lobe facies has a hyalopiliric
texture (Plate B.1A) with fine (=02 mm) randomly oriented to flow-aligned
skeletal plagioclase microlites (40-45%), now albite, in a groundmass (45%) of
"blebby” quartz (<.3 mm) and fine chlorite replacing original glass, with interstitial,
accessory epidote (1%) and opaque minerals (5%]. Plagioclase phenocrysts up to
1.3 mm (1-2%), and 3-10% amygdules (<3 cm) filled by quartz, epidote and
chlorite are typical.

Thick, massive and compound flows of the upper member are interpreted
to be products of a brief, voluminous eruption (approximately 40 km®) that
inundated underlying rhyolite {lower member) and resulted in a relatively flat and

horizontal paleosurface (Chapter 9).
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B.2.2"C" CONTACT TUFF

Extrusion of the Amulet upper member was followed by a period of
quiesence characterized by deposition of fine, waterlain ash and widespread hot-
spring activity to form the "C" Contact Tuff (Chapter 11). The "C" Contact Tuft
is a thin (<20cem thick) deposit of laminated andesitic ash, grey chert, and pyrite,

The tuff is plane bedded and dips shallowly (<10°) to the southeast.

B.2.3 MILLENBACH ANDESITE FORMATION

A rusty, brown-weathering, quartz-amygdaloidal and plagioclase-porphyritic,
pillowed, andesitic flow marks the base of the Millenbach Andesite formation and
conformably overlies the Amulet upper member and intervening "C” Contact Tuff,
The flow is aphanitic with a felted microlitic to pilotaxitic intersertal texture with
45% plagioclase microlites (<0.4 mm), variably pseudomorphed by sencite and
quartz, in a fine-grained mesostasis (40%) of chlorite and quartz (replacing original
glass) with interstitial accessory epidete (1%) and opaque minerals (6%]).
Plagioclase phenocrysts (<1%) are typically <1 mm in size and amygdules [(8%)
are filled with quartz, epidote, and chlorite,

The andesiric flow is exposed immediately south of, and in windows through
the overlying Buttercup Hill breccia. Conracts between the pillowed flow and
overlying breccia are conformable and indicate a dip of <15° to the southeast

(Plate B.1B).



B.2.4 BRECCIA DIKES

Breccia dikes at Buttercup Hill are identical to other breccia dikes which
occur at the top of the Amulet upper member within 2 km of the McDougall-
Despina Fault (Gibson, 1979). The Buttercup Hill breccia dikes contain angular,
equant, white fragments of silicified andesite (up to 0.35 m) in a fine-grained (<3
cm), green, andesitic breccia matnx. The breccia dikes cross-cut all map unirts at
Buttercup Hill except for the overlying, conformable breccia into which they merge
(Figures 2 and 5). Analogous and contemporaneous breccia dikes elsewhere in the
upper member are shallow intrusions extending <200 m from its top.

The main breccia dike strikes N20°E, dips 75" - 80" to the west, has a width
of 2m and a strike length of 80 m. At its south end, a thin (<1 m wide) finger-
like offshoot extends from the breccia dike and invades adjacent wall rock for 10
m (Figure 2). The main dike bifurcates vertically and laterally into two branches
(Figures 2 and 5) that effectively isolate a wedge of silicified andesite {Amulet
formation) approximately 3 m wide X 25 m long. Immediately above this wedge
of andesite the dikes bifurcate and merge into an overlying, conformable breccia
deposit (Figures 2 and 5 and Plate B.1C). Offshoots of the main dike dip inward
toward rhis structure.

A second, parallel, 1 m wide X 12 m long breccia dike occurs 35 m

southwest of the main dike. A third 2 m wide X 10 m long breccia dike occurs
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26 m south of the main dike and strikes N45"W parallel to a mapped fault (Figure
2
The breccia dikes pinch and swell along strike and display both sharp and
gradational contacts with adjacent wall rocks. Where gradational, the wall rock
is intensely fractured and veined by the dike matrix imparting an "in situ” breccia
texture  with wall rock fragments displaying all stages of detachment and
incorporation into the breccia dike {Plates B.1C and D). Spnng (1976), Comba
(1977), Gibson (1979) and Gibson and Watkinson (1979) have demenstrated that
white silicified fragments of the breccia dike and breccia deposit are derived from
silicified andesite of the Amuler upper member to which they are identical in
rexture, mineralogy and compasition.
Breceia dikes are chaotie, framework-supported intrusive breccias that

contain fragments showing a complete size gradation from <0.1 mm to 0.35 m.

Framework Fragments

1. White-weathering, angular, equant fragments of silicified andesite ranging
from 0.35 m to <5 mm (typically 5-20 em) are the dominant framework [ragments
(80%). Fragments display all variations in grain size and alteration that are
common to adjacent flows of the Amulet formation and have a relict hyvalopilitic
texture (Plate B.2A) with 25-40% plagioclase microlites (<0.2 mm) and 1-2%

plagioclase phenocrysts (<1.2 mm] in a fine mesostasis of granular and blebby
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quartz, chlorite (after original glass) and accessory epidote and opaques. Amygdules
are filled by quartz and epidote and constitute up to 10% of some fragments,
Vanable silicification of these megascopic fragments imparts a distinctive and
striking "heterolithologic” appearance to the breccia.

2. Equant, angular fragments of fine-grained, intersertal textured Millenbach
andesite constitute <5% of the breccia and range in size from 5 cm to =1 em,
Fragments contain up to 2% plagioclase phenocrysts (<1 mm) , 5% quartz-epidote
filled amygdules and 40% randomly oriented plagioclase microlites (<0.4 mm) with
interstitial chlorite, sericite, quartz, epidote and opaques. Plagioclase phenocrysts

and microlites are commonly pseudomorphed by sericite and quarrz.

Matrix Fragments

Chloritized shards of sideromelane (3 mm - <0.2 mm) constitute 10% of
the breccia. The shards typically have angular, equant shapes and less commonly
plate-like forms with delicate tails (Plates B.2B,C,D and F). Fragment boundaries
are smooth, curved (concave-convex forms) and commonly meet in knife-like points
(Plate B.2B). The shards are composed of massive chlorite, are aphvric (1%
plagioclase microphenocrysts, <1 mm) to feldspar porphyritic and contain up to
10% fine (=0.1 mm) skeletal plagioclase microlites (Plate B.2D). Clots of granular
epidote replace chlorite of the shards (Plate B.2B). Chlonnzed shards have a

morphology and mineralogy identical to andesite sideromelane shard hyalaclastite
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and the presence of perlitic cracks (Plate B.2D) attests to the original glassy nature
of the fragments. Chloritized sideromelane shards are foreign fragments that were
not derived from adjacent wall rocks. Chloritized vitrophyre of the Amuler upper
member although similar, is silicified, spherulitic and is not microlitic.

Angular, equant, quartz-rich fragments (<5 mm) comprise <1% of the
breccia. The fragments contain up to 35% elongate and round quartz amygdules
(<0.2 mm) in a massive, granular, recrystallized quartz groundmass. Fine (<0.01
mm) granular epidote and opaque minerals (15%) define internal structures such
as flow banding and amygdules (Plate B.2E). These fragments form a minor
accessory component of the breccia matrix and may represent fragments derived
from underlying rhyolite flows. Fragment boundaries eross-cut amygdules and
fragment shape is not governed hy morphology of cantained amygdules.

Aphyric, subrounded fragments (0.1 mm)} of silicified, perlitic-textured,
chloritized vitrophyre and rotally devitrified quartz-rich fragments (Figure 6} form
a minor (< 1%), accessory constituent of the breccia. These fragments are identica
mineralogically and texturally to vitrophyric, flow-top breccia of the Amuler upper
member.

Fine-grained (<0.3 mm), granular-textured andesitic tuff constitutes <5%
of the breccia matrix. The tuff consists of chlontized sideromelane and minor
microlitic shards, <0.2 mm in size, and fine (<0.01 mm) granular quartz, chlorite,

epidote and opaque minerals. Intact and broken plagioclase crystals are common



(Plate B.2B and C).

The morphology of chloritized sideromelane shards, both as matrix fragments
and within the andesitic tuff matrix, the absence of vesiculated sharde and the
occurrence of broken plagioclase crystals within matrix ash suggests explosive
fragmentation resulting from fluid-magma interaction. The sidermelane shards are
interpreted as juvenile, andesitic glass fragments derived from the explosive
interaction of rising andesitic magma, contained within dikes, and an external,

near-surface fluid.

B.2.5 "IN SITU" BRECCIA ZONE

A discordant, narrow (7 mm wide X 22 m long), N40°W striking zone of
"in situ” breccia cross-cuts silicified andesite northwest of the breccia dikes (Figure
2). '"In situ” brecciation affects both lobes within the flow top breccia and
underlying massive andesite; features which charactenze and are significant to its
origin are described below:

1. [ntense, polygonal fracturing characterizes "in situ” brecciation and results in
formartion of equant fragments ranging from <1 cm to 15 cm separated by a rhin
chloritic vein-like breccia matrix (Plate B.3A). Fragment margins are sharp but are
locally chloritized. The veins range from 0.1 mm - 0.5 ¢cm in width and are

composed of massive chlorite, chloritized fragments, sulphides and sphene.

Chloritic envelopes up to 1cm wide mantle veins wirthin adjacent silicified andesite;



536

alteration is weak, as albite microlites are largely intact (Riverin and
Hodgson,1980).

2. The "in situ" breccia zone has a core area of intense brecciation and fragment
development with a transitional margin of polygonally veined, “in situ" brecciated
andesite that grades through a decrease in fractures into massive andesire,

3. "In situ” brecciation is confined to massive andesite and is best developed in
strongly silicified andesite, whereas adjacent autobrecciated vitrophyre and
hyaloclastite are not brecciated. The restriction of "in situ” brecciation to areas of
competent "lithified" and, in this case, silicified andesite indicates that brecciation
was early, before the hyaloclastite/vitrophyre flow breccia was cemented and
competent.

4. The "in situ” breccia zone lies on the strike continuation of a northwest-
trending fault (Figure 2) and parallels the third breccia dike. The N40°W direction,
commeon to the above structures, is approximately perpendicular to the main breccia
dike and defines a second, primary fault direction parallel o the adjacent,
synvolcanic McDougall-Despina fault (Knuckey et al., 1982; Knuckey and Watkins,
1982; Serterfield, 1987).

Fragments produced by "in situ" breceiation are identical to fragments within
the breccia dikes, overlying breceia and to underlying brecciated, silicified Amulet
andesite exposed in "windows" within the breccia. The “in situ" breccia zone 15

interpreted as the roots of a northwest-lrending breccia dike that contributed
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fragments to the overlying breccia which has subsequently been eroded (Ficure 2.
This zone of brecciation was also a locus of continued hydrothermal activity as
indicated by chlorite alteration and sulphide deposition within the vein network

matrix and adjacent fragment margins.

B.2.6. BUTTERCUP HILL BRECCIA

The Buttercup Hill breccia is a localized (60m x 35m), <1m to 10m thick
deposit which rests conformably on a pillowed flow of the Millenbach Andesite
formation and, where the latter is absent, directly on silicified andesite of the
Amulet upper member. Although exposures of the breceia are now restricted (o
areas east of the breccia dikes, the ariginal deposit was likely larger and rhicker,
The occurrence of an "in situ’ breccia zone northwest of the main breceia dike and
smaller northeast- and northwest-trending dikes to the southwest suggest that the
original deposit may have extended 35m northwest and 60m southwest of irs
present distribution. The original deposit may have had a crudely oval shape and
approximate dimensions of 130m x 90m. The present distribution of the breccia,
and underlying Millenbach Andesite, in an area southeast of the main breccia dike
and northeast of the mapped fault (Figure 2) is interpreted to represent 15
preservation within a subsided or down-faulted block. The surrounding breccia was
eroded leaving only the breccia "feeder dikes" and areas of "in situ" breccia to

define its original limits.
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The breccia is poorly sorted and consists of angular, lapilli to black sized
fragments (40 cm maximum, average 10-20 cm) of silicified, white to brown
weathering, amygdaloidal andesite of the Amulet upper member (Plate B.3B).
Angular, equant fragments (2 cm-1 m) of rusty weathering, Millenbach andesite
occur as exotic fragments within the breccia (<1%) and locally are prominent
enough (15-60%) to define a distinct bed (Plate B.3C). The breccia is typically
massive but variations in the amount of matrix define two crude, non-graded to
reverse-graded depositional units (1.5 m to 1 m thick), that dip shallowly (<102
to the east (Figure 5 and Plate B.3D). Thin, discontinuous lapilli tuff beds separate
virtually identical beds of coarse, blocky breccia. In total, the breccia contains five
discontinuous depositional units.

Fragments within the breccia matrix are identical to those within the breccia
dikes. Angular to subangular, equant fragments of densely packed, hyalopilitic,
silicified andesite (Plate B.4A) predominate (3 cm to <0.2 mm). Chloritized
sideromelane shards have angular, equant and plate-like shapes and where
squeezed between silicified andesite fragments are aligned and define a “flow
foliation” parallel to fragment boundaries (Plates B.4A and B).

Fragments of hyalapilitic andesite and chloritized sideromelane grade into
a fine (<0.01 mm) tuff matrix of quartz, chlorite, minor epidote and opaque
minerals with 2% intact and broken plagioclase crystals (<0.2 mm). This fine

tuff constitures < 10% of the matrix but where associated with laminated andesitic
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tuff at the eastern limit of the breccia may account for up o 20% of the matrix,

[solated "windows" reveal underlying inract and "in situ” brecciated silicified
Amulet andesite and Millenbach andesite principally along the eastern edge of the
outcrop where the breccia is thinnest (Figure 2). Where andesite within the
"windows" is intact, sharp contacts with the breccia are common and often marked
by thin beds of laminated ash. Where andesite exposed within the "windows” is
brecciated, fragments of silicified andesite or Millenbach andesite shaw every stage
of separation and incorporation into the adjacent breccia. This gradational
relationship between the breceia and "in situ" breceiated, shattered, underlying units
indicates that fragments were not all emplaced via breccia dikes but that underlying
units contributed directly to the overlying breccia,

Although the contact is not preserved, the Buttercup Hill breccia is
interpreted to be conformably overlain by andesitic flows of the Millenbach
Andesite formation. This relationship has been observed in drll core where an
identical breccia deposit intersected in hole D-416, located 2 km to rhe south, is
conformably overlain by Millenbach Andesite flows.

B.2.7 ANDESITIC TUFF

Discontinuous, irregular deposits of bedded andesitic tuff occur within the
breccia. The tuff is a thin bedded (1-3 ¢cm) 1o laminated (<1 cm), plane bedded
sediment with light grey, quartz-rich laminae interlayered with thin beds of green

andesitic ash. The irregular and discontinuous character of the tuff, illustrated in
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Figure 2, reflects the irregular, blocky, topography upon which it was deposited:
tuff often oceurs in isolared pockets that have slumped between large fragments
(Plate B.4C). Thick sections of tuff (=10 cm) are conspicuously absent adjacent
to breccia dikes but increase in abundance along the east side of the outcrop where
they separate and define at least two discontinuous depositional units within the
coarse breccia.

Andesitic tuff has a granular texture and consists of fine-grained quartz
(<0.01 mm), chlorite and epidote. Fragments include round to subround lithic
clasts of quartz-rich silicified microlitic andesite (<3%, <0.7 mm), 10% chloritized
sideromelane shards (<0.1 mm), <2% skeletal plagioclase microlites (<0.2 mm),
3-4% broken and intact plagioclase crystals (<0.4 mm), 10% quartz grains (<0.2
mm}, and 10% sulphides, chiefly pyrite with minor chalcopyrite and 1race sphalerite
(Plate B.4D). Bedding is defined by alternating laminae that are dominarted by
quartz, sulphides (20%) and chloritized sideromelane shards (+15%).

Andesitic tuff, a plane-bedded, waterlain ash, is identical to the ruff matrix
of both the breccia dikes and breccia deposit.  Andesitic tuff is interpreted 1o have
been derived by explosions during dike emplacement and was deposited with the
breccia during pauses between phreatomagmatic explosions.

B.3 ALTERATION

The dominant alteration recognized at Buttercup Hill is silicification

(Comba, 1977; Gibson, 1979; Gibson and Watkinson, 1979; Lesher et al., 1986).
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Several characteristics of silicification that are pertinent to unravelling the
paleovolcanology of Buttercup Hill are outlined below:

1. Silicification, as illustrated in Figure 2, is most pervasive in lobes and massive
andesite immediately adjacent 1o flow breccia which is also intensely alrered.

2. Silicification is localized by vesicles; as the number of amygdules increases
toward the flow top so does the degree of silicification. Silicified halos mantling
quartz amygdules often merge and overlap forming large morttled silicification

patches and irregular ribbon forms (Gibson et al., 1983).

3. The geologic map (Figure 2} illustrates a marked increase in silicification
immediately adjacent te and along the north-east trending main breccia dike and
north-west trending zone of "in situ" brecciation. Both breccia zones are
interpreted to be localized along synvoleanic faults.

4. The pillowed andesitic flow of the Millenbach Andesite lormation is not
silicified.

Points 1 and 2 indicate that silicification is controlled by the primary
permeability of the flows and is most intense and pervasive along flow contacts
indicating a primary lateral component to fluid movement (Gibson 1979, Gibson
et al.. 1983). The marked increase in intensity of silicification toward the two
synvolcanic faults suggests that these structures were operative before brecciation
and dike emplacement and focused both lateral and vertical hydrothermal fluid

movement. The latter possibly resulted in the discharge of 510,-rich fluids at the
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seafloor (Chapter 12).

Other alteration types recognized are chloritization and sericitization.
Chloritization, primarily located within the vein-network matrix of the "in situ’
breccia zone and locally within the martrix of the main breccia dike, indicates
continued hydrothermal alteration and fluid movement after silicification and
breccia dike emplacement.

Sericitization, unlike silicification i1s a discordant alteration that affected all
stratigraphic units at Buttercup Hill. Areas of sericite alteration (Figure 2} are
subparallel to northwest- and northeast-trending breccia dikes, Sericite alteration
is texturally, mineralogically and compositionally identical to rthat which
characterizes the periphery of discordant alteration pipes associated with
volcanogenic massive sulphide deposits in the Noranda Camp (Riverin and

Hodgson, 1980; Knuckey et al., 1982; Lesher et al., 1986).

[n summary, silicification is an early, primarily stratabound, conformable
alteration rhat was operative prior to extrusion of the Millenbach Andesite
formation and emplacement of breccia dikes. Sericitization and chleritization post
date silicification and initial Millenbach Andesite volcanism. Northeast- and
northwest-trending synvolcanic structures controlled early silicification, breccia dike

emplacement and discordant sericite and chlorite alteration.



543
B.4 ORIGIN AND EMPLACEMENT OF THE BUTTERCUP HILL BRECCIAS

Breccia dikes at Buttercup Hill are interpreted as the principal conduits of
shallow subsurface explosions that erupted on the seafloor forming a localized
deposit of chaotic blocky breccia. Fragments within dikes and conformable breccia
are overwhelmingly lithic and of local provenance, derived from immediately
underlying and adjacent Amulet and Millenbach Andesite flows. Chloritized
sideromelane shards, a minor and foreign constituent, are interpreted as primary,
juvenile, andesitic glass fragments. Morphology of the sideromelane shards indicates
fragmentation by thermal strain during fluid-magma interaction which, in this case,
involved hydrovolcanic explosions (Heiken, 1972; 1974). The absence of
vesiculated sideromelane and "Y-shaped" shards suggests that fragmentation and
quenching preceded volatile escape and that rapid exsolution of juvenile volatiles
did not play a major role in fragmentation.

The explosive effect of rapid steam generation accompanying magma,/fluid
interaction (Fisher and Schminke, 1984, Wohletz, 1983; Wohletz and Sheridan,
1983: Wohletz and McQueen, 1984) is interpreted as the driving mechanism for
generation and emplacement of breccia dikes. It is suggested that interaction of
downward migrating seawater or shallow circulating hydrothermal fluid (evolved
seawater) with rising andesitic magma (eruptions contemporaneous with Millenbach
Andesite voleanism) resulted in shallow, subsurface phreatomagmatic explosions.

The restriction of breccia dikes to <100m from the Amulet formation paleosurface
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and the shattering interpreted from the “in situ" brecciation of units adjacent to
dikes and below the breccia are consistent with vialent, near-surface explosions.

Explosively generated, rapidly expanding and ascending turbulent steam is
capable of mobilizing, suspending and transporting a chaotic mixture of wall rock
and juvenile fragments to surface as fluidized breccia (Reynelds, 1954; Lambert,
1974). Lateral and vertical breccia dike bifurcation and injection into adjacent
shattered and brecciated wall rocks was also accompanied by localized subsidence
that resulted in the isolation of large blocks of spalled and slumped wall rock
within the vent area. Localized, near-surface, shattening and brecciation of wall
rocks, as well as isolated, slumped, wall-rock blocks, and emplacement of inward
converging breccia dikes (Figure 2) are consistent with development of a funnel-
like orifice that may have been expressed by a surface crater. The areally restricted
character of the breccia deposit and underlying Millenbach Andesite pillowed flow,
as compared to breccia dikes and “in situ" breccia, is interpreted to reflect the
latter’s preservation within the subsided vent area or crater.

The breccia dikes were emplaced by successive, shallow phreatomagmatic
explosions that deposited ar least five crude beds of a coarse, unsorted, breccia both
within the vent or "crater and along its margins, Fine, waterlain andesitic ash
was deposited with and on the irregular surface of the blocky breccia during brief

pauses that separated eruptions.
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Conformable breccias at Buttercup Hill are probably only a remnant of a
once larger deposit whose exact morphology is unclear. Subaerial hydrovoleanic
eruptions are characterized by particular volcanic landforms (Fisher and Schmincke.

1984; Wohlerz and Sheridan, 1983; Lorenz, 1970; Lorenz et al.. 1973) such as.

tuff cones, tuff rings, maars and littoral cones. Littoral cones are not considered
analogous to breccias at Buttercup Hill as they lack a feeding fissure and are
essentially "rootless deposits’ produced where lava or pyroclastic flows move over
or enter water (Fisher and Schmincke, 1984), Tuff rings, tuff cones and maars are
possible analogs and are collectively grouped as maar volcanoes (Fisher and
Schmincke, 1984). Tuff rings have large craters at or above ground surface and
are surrounded by a low (<100 m) rim composed of coarse to fine tephra, whereas
tuff cones posses rim deposits up to 300 m high (Wohletz and Sheridan, 1983;
Fisher and Schmincke, 1984). Maars are similar to tuff rings except in the former
the crater cuts below the ground surface (Lorenz, 1973).

Although only a part of the coarse, blocky, unsorted and crudely layered,
breccia deposit at Buttercup Hill remains, it is similar to coarse breccias which form
the basal units to maar volcanoes (Figure 6). These coarsc deposits are termed
"explosion breccias” by Wohlerz and Sheridan (1983), who attribute them to initial,
phreatomagmatic explosions responsible for cratering during tuff ring and tuff cone
formation. In subaerial analogs the primary mechanism of emplacement for

"explosion breccia” is ballistic fall (Fisher and Schmincke, 1984; Wohletz and
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Sheridan; 1983). The same may be true for the subaqueous Buttercup Hill breccias
but the overlying water column might have more effectively sorted fragments,
elutriated and suspended fine ash and restricted the trajectory of fragments
resulting in a more localized deposit. In subaerial maar volcanoes, the coarse
"explosion breccias" are interlavered with airfall ash and base-surge deposits,
whereas subaqueocus explosion breccias at Buttercup Hill are interlayered with thin
discontinuous deposits of hedded, waterlain ash (Figure 6).

[n companng the stratigraphy of tuff rings and cenes to the Buttercup Hill
breccias (Figure 6) there is the noticeable absence, at Buttercup Hill, of thick and
thin bedded surge and airfall rephra deposits which overly "explosion breccia”
deposits and are characteristic of subaerial maar volcanoes. Their absence is not
an artifact of erosion as an idenrical and "complete” breccia deposit, intersected in
drill hole (D-416), lacks surge deposits and thick units of plane-bedded tuff.
However, some maar volcanoes consist almost entirely of coarse, blocky "explosion
breccia" deposits (Self et al., 1980) and do not possess the typical stratigraphy
shown in Figure 6. The absence of strata containing interlavered base surge and
bedded tuff deposits above the coarse "explosion breccia® deposit at Buttercup Hill
may be a), characteristic of relatively deep (=200 m 10 =500 m,) subarqueous
phreatomagmatic eruptions, b}, a product of weak phreatomagmatic eruptions
(Wohletz and Sheridan, 1983), and/or ¢), a result of rapid bunal b1

penecontemporaneous andesite flows that arrested explosive acuwity.
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B.5 SUMMARY

Breccia dikes at Buttercup Hill are interpreted to have been emplaced as a
fluidized breccia, products of successive, shallow phreatomagmaric explosions,
Lateral and vertical bifurcation of breccia dikes, their injection into adjacent wall
rocks and intense shattering and brecciation of near-surface rocks accommodated
slumping of wall-rock blocks within the vent area that may have resulted in the
development of a topographic crater on the seafloor. "Explosion breccia” deposits
interlayered with waterlain ash were deposited at the seafloor within the vent or
crater and probably aleng its rim forming a small breccia deposit that may be
analogous to "explosion breccias" associated with subaerial maar volcances. The
clustering of breecia dikes and breccias deposits, including those at Buttercup Hill,
to within 2 km of the synvelcanic McDougall-Despina Fault 1s also typical of recent
subaerial maar volcances which often occur in "groups” or "fields” (Lorenz, 1973).
The original size of the Buttercup Hill breccia deposit can only be estimated; the
present distribution of breccia dikes and "in situ” breccia suggest a crudely oval
form with approximate dimensions of 130m x 90m.

Buttercup Hill breccias and other identical deposits are located at the top
of the Amulet upper member and C "Contact” Tuff or above the basal tlow of the
Millenbach Andesite formation. These breccias are interpreted to have formed
during a "brief" time interval that marked the end of a hiatus in volcanic activity,

which was characterized by vigorous hol-spring activity, and the onset of renewed
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volcanism during a second period of magma resurgence (Chapters 11, 12 and 13}.
Interaction of downward migraring seawater or convecting hydrothermal fluids with
nising andesite magma during the onset of Millenbach Andesite volcanism is
interpreted to have triggered shallow phreatomagmatic explosions responsible for
the generation of breccia dikes and localized "explosion breccia® deposits.
Penecontemporaneous andesitic flows quickly buried the breccia deposits and
arrested further phreatomagmatic eruptions. Continued eruption of andesitic and
rhyolitic flows infilled the Noranda Cauldron (Chapter 11).

The sequence of events at Buttercup Hill is illustrated in Figure 7, and briefly
outlined below:

A. 1. Extrusion of the uppermost andesitic flow of the Amulet formation, upper
member.

2. Silicification, preferentially along permeable flow contacts and synvolcanic

northwest- and northeast- trending faults thart intersect at Buttercup Hill.

3.  Ascent and discharge of silica-saturated hydrothermal fluid along
synvolcanic faults coincident with deposition of fine ash and chert that comprise
the "C" Contact Tuff during a hiatus in volcanic activity.

B. 1. Onset of widespread andesitic voleanism (Millenbach Andesite formation)
and emplacement of high-level feeder dikes. The pillowed flow at Buttercup Hill

may have issued from a fissure now occupied by breceia dikes.
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2. Shallow, subsurface phreatomagmatic explosions within intersecting
northeast- and northwest-trending synvolcanic faults, a result of explosive
Interaction between ascending andesitic magma and downward migrating seawater
or convecting hydrothermal fluid.

C. 1. Emplacement of fluidized breccia dikes and eruption of coarse hreceia and
ash at the seafloor.

2. Intense shattering, brecciation at surface and slumping of wall-rock
blocks producing a small vent and possibly an overlying crater.

3. Successive phreatomagmatic eruptions depositing coarse “explosion
breccias" interlayvered with waterlain andesitic ash to form a small, localized breccia
deposit that may be similar to "explosion breccias” associated with subaerial maar
voleanoes.

4. Rapid burial of the Buttercup Hill breccias by penecontemporaneous
andesitic flows (Millenbach Andesite formation).

5. Contemporancous and continued hydrothermal activity producing
chloritization and sericitization within and adjacent to breceia dikes. This alteration
may be coincident with formation of strarigraphically higher volcanogenic massive

sulphide depasits and their proximal, discordant alteration assemblages.
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Figure B.6. Schematic stratigraphic sections modified from Wohletz and Sheridan
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Figure B.7. Diagrammatic reconstruction portraying the sequence of events lez!ding
to the formation of the Buttercup Hill breccia (legend as in Figure
B.2). A. Amulet formation paleosurface following deposition of the
C Contact Tuff; hot-spring discharge occurred along faults that will
later host the main breccia dike (arrows show intrastratal fluid ﬂcl_v:r;
diagonal lines areas of silicification). B. Emplacement of andesL_tlr:
magma (cones) and extrusion of andesitic flow (Millenba:{:h {Rndesue
formation). C. Emplacement of the Burtercup Hill breccia dikes a;d
surface deposit, which is buried by penecontemporaneous andesite
flows; dashed lines show present erosion surface.
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PLATE Bl

B. Hyalopilitic texture of silicified Amulet andesite. Albite
microlites and phenocryste in a groundmass of chlorite and
blebby gquartz. Amygdules filled with gquartz and chlorite. Bar
scale is 1mm long.

B. Conformable, shallow, scutheast-dipping contact between the
breccia deposit and Millenbach andesite flow. Tape measure is
4cm wide.

Cc. White-fragment breccia dikes merging with conformable
breccia (see Figure 5).

D. Gradational, brecciated margins of dikes.
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PLATE B2

A. Hyalopilitic texture of a =ilicified Amulet andes;te
fragment. Albite microlites and phenocrysts 1n  a fine
groundmass of chlorite and blebby quartz.

B. Angular chloritized <ideromelane shards (S) with curved

emooth boundaries replaced by epidote, from main breccia dike.
Cc. Microlitic, chloritized sideromelane shards (M) from main
breccia dike: note variable size of fragments and broken

plagioclase crystals in matrix.

D. Arcuate fractures, "perlitic cracks," in a chloritized
sideromelane shard (S) from breccia dike.

E. Ouartz amygdaloidal, opague-rich rhyolite fragment (R) and
=ilicified andesite fragment (A) from breccia dike.

F. Silicified fragment identical to Amulet vitrohyre (V) from
breccia dike.

Bar scale is 1lmm long.
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PLATE B3

A. In situ brecciated, silicified Amulet andesite. Fragments
separated by veins of fine, chloritized breccia. Tape measure
is 4cm long.

B. Poorly sorted, angular, variably silicified Amulet andesite
fragments that constitute the conformable breccia deposit.

c. Bed characterized by numerous fragments of Millenbach
andesite.

D. Crude bedding within the conformable breccia deposit.
Hammer rests on top of bed; overlying bed is reversely graded
(see Figure B5).
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PLATE B4

A. Chloritized sideromelane shards () and silicified andesite
fragment (&) 1n matrix of breccia deposit.

B. Aligned sideromelane shards in a tuff matrix to breccia.
¢. "Sagged bedding" in andesitic tuff (T) that slumped between
fragments of silicified amulet andesite within the breccia
deposit.

D. Quartz-, chlorite- and opaque-rich laminae define bedding
within andesitic tuff. Note angular, chloritized sideromelane

shards (S) within ash laminae.

Bar scale is 1lmm long.
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APPENDIX C.
RECONSTRUCTION OF THE CORBET
BRECCIA PILE AND

VOLCANOGENIC MASSIVE SULPHIDE DEPOSIT

C.1 INTRODUCTION

The Corbet Mine produced 3.06 M tons of ore grading 3.0% Cu, 0.96% Zn,
0.06 oz Ag/t and 0.03 oz Au/t until it closed in September 1986. The deposit
was discovered in 1974, at a vertical depth of 750m, during a drill program
designed to test mineralized and altered volcanic strata within fault blocks adjacent
to the synvolcanic McDougall-Despina Fault. Previous exploration for VMS in the
Noranda camp was based on a single time-stratigraphic hypothesis and favourable
tuff units were essentially grid drilled. The conceprion of stratigraphically stacked
Cu-Zn deposits localized along synvolcanic northeast and northwest trending faults

proposed by M.I.LKnuckey in 1974, prompted a deep drilling program in an area
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that had been previously "written off'; this led directly to the Corber Mine
discovery.

The Corbet discovery was particularly significant in modifving hyvpotheses
of ore-localization within the Noranda camp. Not only is the Corbet deposit
situated 1000m deeper stratigraphically than any previously mined deposits bur it
is located within an andesitic vent and overlain by rhyolite. The purpose of this
chapter 1s amplify descriptions of the Corbet deposit by Watkins (1980) and
Knuckey and Watkins (1982). MNew data presented are based on detailed
underground mapping and drill programs. The setting of the Corbet depesit is
described first, followed by a description of a quartz diorite intrusion which
underlies the Corbet area and breccias which host the deposit and comprise the
upper part of the Flavrian formation in the Corbet area. A reconstruction of the

volcanic and hydrothermal history is discussed last.

C.2 GENERAL GEOLOGY AND SETTING

The Corbet deposit is located at the top of the andesitic Flavrian formation,
the lowest formation within the Mine Sequence (Figure C.1). Corbet is a
proximal, copper-zinc, VMS deposit that consists of 7 lenses located within an
andesitic vent area, Lenses 1, 2, and 3 comprise the main lens which forms the
bulk of the Corbet deposit that, at the time of deposition, formed a continuous

sulphide body that was subsequently separated into 3 lenses by faulting (Figure
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C.2). Lenses 4, 5 and 7 are small zinc-rich satellite massive sulphide deposits
located stratigraphically higher than the main lens (lenses 4 and 5 are located at
the contact with overlying Northwest formation) whereas 6 lens is 4 copper-
rich stringer zone situated 150m stratigraphically below the main lens,

The main lens is 400m long by 150m wide in plan, has an maximum
thickness of 70m and is elongate parallel to the M:Dougall-Despina Faulr (Knuckey
and Watkins, 1982). The main lens is composed of stacked strariform lenses
(Figures C.4 and C.5) separated by semi-massive stringer and disseminated
mineralization in altered voleaniclastic breceias. The deposit is underlain by a
discordant stringer zone surrounded by an uregular envelope of chlorite and
[ringing sericite alteration rhat plunges 70" ta the northwest, paralle]l to the
M‘Dougall-Despina Fault (Gibson, 1982).

Watkins (1980) and Knuckey and Watkins (1982) interpreted the main lens
to have been deposited within a ropographic depression or crater and the northeast
trending "tongue of ore" to be massive sulphide that decanted over the rim of the
crater and followed an irregular channel down the slope of the andesitic edifice.

1zed within a crater. FEvidence for

There is no doubt that part of #3 lens was loca
this interpretation is illusirated in Figure C.5, where massive sulphide and an
overlying massive flow have a flat or shallow west dip that contrasts with
enclosing southeast-dipping breccias which comprise the edifice. This angular

discordance defines a crater that has an approximate diameter of 250m (Figure
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Underground mapping and diamond drilling indicate that the tongue of ore
is not massive sulphide, but a mixed, crudely bedded melange of massive sulphide
blocks exceeding 10m in size incorporated within voleaniclastic debris (Figures
C.6).

Of fundamental importance in volcanic reconstruction is the location of the
Corbet deposit within an aerially restricted, topographically positive, volcanic
edifice whose upper part (100m) is composed predominantly of breccia. This
breccia edifice is separate but coeval with a larger on-lapping andesitic edifice
immediately to the north. Volcaniclastic debris and flows from this larger edifice
eventually covered the Corbet depesit. Features which are consistent with this
interpretation include:

1. A 1200m X 300m, ridee-like paleotopographic high lies immediately
adjacent and parallel to the MDougall-Despina Fault (Figure C.3). The high point
of this edifice lies immediately northwest of the Corbet deposit.

2. Fast-west cross-sections through the Corbet deposit at 600 and 800
north (Figures C.4 and C.5) although slightly oblique to strike indicate a
steepening of dip immediate to the deposit, This steepening reflects the east slope
of the ridge which, after allowing for a regional dip of approximately 30", indicates

a primary slope of <15".
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3. The tongue of breccia ore (Figure C.6) clearly separates volcaniclastic
breccias and flows of the Corbet edifice from an adjacent larger edifice. The
attitude of this tongue of transported ore also indicates a primary slope of <20"
for the northeast flank of the Corbet breccia pile.

A schematic north-south section through the Corbet area in Figure C.7,
within the plane of the M<Dougall-Despina Fault, illustrates the small, separate
breccia edifice hosting the Corbet depesit main lens and underlyving stringer zone.
Two massive sulphide lenses (#4, #5), each with their own siringer zone, occur
stratigraphically above the Corbet main lens on the south flank of the larger
andesitic edifice to the northwest. Voleaniclastic breceia covering the Corbet main
lens contains strongly altered lithic and sulphide fragments which are interpreted
to be debris shed from altered wolcaniclastics and the small massive sulphide
deposits located up-slope, along the south flank of the larger edifice,

C.3 CORBET QUARTZ DIORITE

The Corbet quartz diorite is texturally, mineralogically and chemically
similar (Watkins, 1980) to the Meritens phase of the synvolcanic Flavrian Pluron
whose annular distribution is thought to be controlled by an early ring-fracrure
system (Goldie, 1976). The Corbet quartz diorite has a subophitic 10 ophitic
texture with 45%, inclusion-rich, subhedral albite crystals (<3mm) partially

surrounded by 15-20% anhedral quartz (<1.3mm) and 30% massive ro prismatic
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actinolite (replaced by chlorite) with 5-10% interstitial opaque minerals, epidote,
myrmekite and trace sphene. Where altered, feldspars are replaced by fine quartz,
chlorite and/or sericite. Contacts with adjacent flows are sharp, and the quartz
diorite is typically fine-grained and chilled. Adjacent flows show na evidence of
contact meramorphism and in some instances the distinetion between tlows and
fine-grained border phase of the quartz diorite is based solelv on the occurrence

of quartz phenocrysts in the latter.

C.3.1 SIZE AND SHAPE

The quartz diorite is a plug-like intrusion emplaced within 500m from the
top of the Flavrian formation. [ts location and approximate dimensions are
llusrrated in Figure C.3. Underground drilling indicates that the foorwall contact
(west) 1s straight and defines the M Dougall-Despina Fault (Section P-P, Figure
9.6) whereas the hangingwall contact is hummocky and roughly conformable to
the Flavrian-Northwest contact but locally disconformable o andesitic flow
contacts. The Corbet quartz dionite occupies a position immediately underlying

volcanic edifices and massive sulphide lenses at the Corbet Mine.

C.3.2 TIMING
The Corbet quartz diorite is an early synvolcanic intrusion emplaced along

the McDougall-Despina Fault during extrusion of the Flavrian formation. Where
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the diorite is cut by the Na depleted, chloritic alteration pipe of the Corbe deposit,
it is similarly altered and mineralized with disseminated and stringer sulphide

(Figure 9.6 P-P; Gibson, 1982).

C.3.3 SIGNIFICANCE

The coincidence of location of surface voleanic edifices, general "doming” of
the Flavrian formation and the underlying and contemporanecus quartz diorite
plug suggest that the latter is a subvolcanie intrusion. The intrusion of a hot, high-
level (500m from paleosurface) subvolcanic intrusion into its own volcanic pile
undoubtedly re-opened or generated new fractures thar established cross-stratal
permeability and focused ascending hydrothermal solutions to coincident voleanic
vents at the sea floor.

The Corbet quartz diorite 1s part of the Meritens phase of the Flavmnan
Pluton and, like the latter, was emplaced along a synwolcanic ring fault, the
M:Dougall-Despina Fault (Chapter 9). The earliest recognized phase of cauldron
development, namely generation of ring faults and concomitant emplacement of
high-level quartz diorite intrusions, coincided with extrusion of the Flavrian

formation, the lowest stratigraphic unit within the cauldron-filling Mine Sequence.
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C.4 VOLCANIC BRECCIAS

Volcanic breccias and subordinate massive and pillowed andesitic flows
comprise the uppermost 100m of a small volcanic edifice hosting the Corbet main
lens (Figures C.4 to C.7). The breccias are not laterally extensive but are confined
to the Corber area. Breccias were subdivided into volcaniclastic, "in sity" breceia,
and a third subordinate type termed "spatter breccia’. The origin and distribution
of these breccias are essential to unravelling the constructional history of the

breccia edifice and environment of massive sulphide deposition.

C.4.1 VOLCANICIASTIC BRECCIA
Description and Distribution

The vertical and lateral distribution of volcaniclastic breccia is illustrated in
an idealized stratigraphic column (Figure C.1) and in the schematic north-south
cross section of Figure C.7. Volcaniclastic breccia forms the base of the Corbet
breccia pile which overlies strongly amygdaleidal (up to 20% amygdules) massive
and pillowed flows. Volecaniclastic breccia envelopes the Corbet deposit and
constitutes the bulk of the breccia edifice.

Volcaniclastic breccia consists of poorly sorted, thick-hedded deposits of
lapilli tuff and subordinate lapillistone, tuff and tuff-breccia. The heterolithologic
appearance of the breccia reflects multi-coloured fragments of chloritized,

sericitized, silicified and unaltered andesite. Depositional units (10cm-2m) are
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defined by wvariations in fragments size, matrix versus framework supported
character, and dominance of lithic versus scoriaceous [ragments (Figures C.8 and
C.9). The breccias are poorly sorted and display crude normal grading and
occasionally, reverse grading. Framework fragments (>1em in size) are described

below.

Lithic Andesitic Fragments

Lithic andesitic fragments are accessory pyroclasts that constitute the
dominant framework of volcaniclastic breccia overlving the Corbet main lens and
are a commeon constituent of all voleanie breccias comprising the Corbet edifice.
Fragments vary from white to dark green, are angular to subangular, and range
in size to 20em, bur are typically <6em. The well bedded lapilli tuffin Plate C.3,
1s composed primarily of altered lithic {ragments.

Lithic fragments are aphanitic, aphyric and weakly amygdaloidal (<5%]
with a hyalopilitic texture composed of 15-40% plagioclase microlites in a fine
mesostasis of chlorite with interstitial sulphides (Plate C.1A and C). Amygdules
are filled by quartz and chlorite. Where altered, microlites are replaced by quartz,

sericite and/or chlorite.
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Scoriaceous Fragments

Andesite scoria fragments are juvenile pyroclasts of vesiculated lava. They
are a common but typically subordinate constituent of voleaniclastic breccia, bur
they are the dominant framework fragment within individual beds (Plate C.4)
such as those at the base of the breccia edifice. Scoria fragments, commonly
sericitized and silicified, are subrounded to rounded, and range to 15cm in
diameter but are typically <5c¢m in size. Fragments caonsist of hvalopilitic andesite
with 5-30% skeletal albite microlites and up to 40% round to elongate quartz- and
chlorite-filled amygdules ranging in size from <1mm to Zem (Plate C.1A aqnd H).

Fluidal Andesitic Fragments

Fluidal andesitic fragments are juvenile pyroclasts thart are the least common
framework fragments and tvpically occur with scoria fragments. The fragments
have a characteristic elongate, irregular "fluidal form" with delicate tails and edges
and range up to 4cm in size. Megascopic amygdules (5-20%) are commen.
Fluidal fragments are often indented by, or mold around, adjacent lithic fragments
indicating hot deposition and incipient welding. The fragments consist of

mierolitic, chloritized sideromelane containing < 15% albite microlites (Plate C.2B).

Massive Sulphide Fragments
Massive sulphide fragments composed of pyrite, chalcopyrite and sphalerite

are accidental fragments incorporated within volcaniclastic breccia overlying the
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Corbet main lens and characterize debns flow deposits which constiture a "tongue
of ore" on the north flank of the Corbet breccia pile. Massive sulphide fragments
in volcaniclastic breccia above the main lens are <10cm in size, angular to
subangular, and constitute <1% of the breccia. They may be derived from small
massive sulphide deposits located up slope along the southern flank of the larger
on-lapping andesitic edifice (Figure C.7).

Massive sulphide fragments wirthin debris flow deposits which comprise a
"tongue of ore" were subdivided into two types based on their contacts with
andesiric fragments. The first type of fragments range in size to 1m, have sharp
contacts with surrounding breccia and are fragments of consolidated massive
sulphide (Figure C.9, Plate C.9). The second, and dominant fragment type ranges
from 30cm to =10m in size, and has irregular contacts with surrounding andesitic
fragments which are incorporated within their margins (Figure C.9). These
features plus small scale loading structures along their margins suggest rhat they
were incorporated and transported within volcaniclastic debris flows in a semi-

consolidared state.

Matrix
The matrix to volcaniclastic breccia consists of fine (<1em) subangular to
subrounded framework fragments, angular chloritized sideromelane fragments and

fine (<0.02mm) tuff now composed of quartz, chlorite, sericite and shard-like
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fragments of quartz and minor albite crystals with 3 to 30% sulphides. Chloritized
sideromelane fragments are either massive or amygdaloidal (Plates C.1A 1o H and
C.2 A to C).

Massive sideromelane [ragments consist of fine massive chlorite with skeletal
albite microlites (<5%) and opaque minerals (3%). Fragments contain <10%
amygdules, are typically equant, and angular with smooth straight or slightly
concave or convex boundaries that meet in knife-like points (Plate C.1A and E).
Fragment boundaries distinctly cross-cut amygdules and fine arcuate perlitic cracks
artest to the original glassy nature of the shards. Fragment morphology is
consistent with fragmentation in response to thermal strain, resulting from fluid-
magma interaction (Heiken, 1972; 1974; Honnerer and Kirst, 1975). Massive
sideromelane shards are interpreted to be fragments of juvemle, quenched andesite
magma.

Amygdaloidal sideromelane fragments consist of massive chlorite with <5%
skeletal microlites and opaque minerals and from 5-25%, round to elongate quartz-
and chlorte-filled amygdules. Fragments range from subrounded to rounded,
strongly amygdaloidal "scoria" fragments (Plate C.1G and H) with smooth curved
boundaries to subangular, elongate, ragged fragments with delicate tails and
irregular boundaries (Plate C.1C, E and F). Thin, curved, plate-like fragments may
be remnants of vesicle walls. The morphology of amygdaloidal sideromelane

fragments is definitely controlled in part by ruptured amygdules, and is consistent
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with fragmentation by rapid exsolution of volatiles and quenching during

subaqueous pyroclastic explosions (Heiken 1972; 1974, Honnorez and Kirst, 1975).

[nterpretation

Volcaniclastic breccia deposits are interpreted to be products of
phreatomagmatic and strombolian eruptions. Volcaniclastic breccia composed
principally of accessory lithic fragments and non-vesiculated juvenile sideromelane
shards are interpreted as phreatomagmatic deposits produced by explosive steam
generation during seawater interaction with near-surface ascending andesitic
magma.

Volcaniclastic breccia with numerous scoriaceous fragments, amygdaloidal
sideromelane shards and subordinate accessory lithic fragments are interpreted as
strombolian deposits produced by rapidly exsolving and expanding volatiles which
disrupted near-surface ascending magma producing a lava-fountain of ash,
scoriaceous lapilli and block sized fragments. Most volcaniclastic breccia represents
transitional deposits as it contains both lithic and scoria fragments with variable
proportions of massive and amygdaloidal sideromelane shards. These deposits are
interpreted to be products of "mixed” eruptions where intermittent introduction of
water to ascending magma results in a shift from strombolian to phreatomagmatic
activity during a single eruption. The occurrence of composite lapilli (Plate C.2A

and C), where strongly amygdaloidal, subround lapilli are bound by an



372
amygdaloidal lava matrix within both scoria and lithic dominated beds, is
consistent with transitional phreatomagmatic and Strombolian deposits (Fisher and
Schmincke, 1984).

In both Strombolian and phreatomagmatic eruptions the primary mechanism
for pyroclast emplacement is ballistic fall (Fischer and Schmincke, 1984: Williams
and McBirney, 1979). However, in subaqueous eruptions the overlying water
column may tend to elutriate and suspend fine ash and restrict the trajectory of
fragments resulting in a more localized deposit. Sandwave bed forms (Figure C.8)
in ash deposits interbedded with volcamiclastic breccia  suggest that
phreatomagmatic eruptions may have generated base surges that spread laterally
from the vent to deposit both ash and fine lapilli ruff. The constructional edifice
produced was a gently sloped (<20") tuff cone with a central crater, marking the
primary vent, that was also the locus of vigorous hydrothermal discharge
producing the Corbet main lens (Figure C.3 and C.7).

Phreatomagmatic and strombolian eruptions were restricted to the late-stage
growth of an underlying broad lava shield and presumably occurred when water
depth allowed pyroclastic eruptions. Based on theoretical calculations of Allen
(1980) and observations of Moore and Schilling (1973) for vesiculation and
explosive acrivity in subglacial and submarine eruptions in Iceland, water depth is
estimated at 100-200m and definitely <300m; this is the greatest depth at which

steam generation has been reported (Tanakadati, 1935; in Fisher and



Schmincke, 1984).

Voleaniclastic breccia containing numerous sulphide fragments within the
“tongue of ore" along the north slope of the tuff cone are interpreted as submarine
debris flow or avalanche deposits (Plate C.9). These volcaniclastic deposits are
crudely bedded, both normally and reversely graded, range from matrix. to
framework-supported, and occur as 'channels” or "lenses" that are ofteq

unconformable with each other (Figure C.9).

C.4 "IN SITU" BRECCIA
Description and Distribution

"In situ” breccia is of limited areal extent and is intimately associated with
massive and pillowed flows that underlie the Corber main lens (Figures C.4 to
C.7). "In sitn" breccia deposits were derived through fracturing and brecciation of
massive and pillowed flows. The massive flow in Plate C.5, is shattered and
fractured by a crudely perpendicular vein set that separated individual blocky,
angular fragments ranging from 3cm to 0.5m that fit together like pieces of a
puzzle. Where veining is most intense, fragments are correspondingly smaller and
rotated. Sulphide outlined pillows in Plate C.6, grade upward through an "in
situ" shattered and veined breccia into an angular, monolithologic, unsorted, blocky

breccia where fragments are scparated and rotated with respect to each other, A

close up of the chaotic breccia in Plate C.7, illustrates the angular nature of the
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fragments, their poor sorting and matrix-supported character.

The andesitic fragments are typically unaltered and consist of weakly
amygdaloidal (quartz-sulphide filled), aphyric, aphanitic hyalopilitic andesite. The
vein-network matrix in both "in situ" brecciated and chaotic blocky breccia cansists
of pyrite-sphalerite-galena-quartz. Veins separating fragments are typically zoned
with an outer margin of massive or coliform pyrite (with shrinkage cracks), and
an inner zone of quartz, sphalerite and trace galena. Coliform textures and zoning
within veins suggest open-space deposition within a highly permeable unit.

"In situ” breccia 1s completely gradational into underlying andesitic flows.
Contacts with volcaniclastic breccia are irregular, locally abrupt, where bedded
volcaniclastic breccia rests in sharp contact with underlying "in situ” breccia, but
more commonly are gradational where the former occurs between fragments of the

latter.

[nterpretation

Monolithologic "in situ" breccia is interpreted to be a "shock product” of
explosive phreatomagmatic eruptions which shartered and brecciatad massive and
pillowed flows localized within and underlying the ruff breccia pile. Breccias
produced were largely subsurface (no bedded ash compenent) but their gradation

into volcaniclastic breccia indicates that fragments were incorporated into overlying



and adjacent breccias.
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[n situ" breccia deposits provided an extremely porous and permeable
foorwall that directed contemporaneous ascending metalliferous hydrothermal
solutions both vertically to surface and laterally below the sea floor. Precipitation
of sulphides within the matrix of "in situ” brecciated andesite essentially sealed and
cemented the breccia footwall producing a semi-conformable zone of stringer
mineralization (with or without significant attendant alteration) below the Corbet

deposit.

C.4.3 S5PATTER BRECCIA
Description and Distribution

Spatter breccia constitutes small (<5m X 2m) localized deposits within
volcaniclastic breccia underlying the Corbet main lens. The breccia consists of
strongly sericitized, scoriaceous (+ 40% quartz amygdules, <0.5cm in size) ribbon-
like to amoeboid fragments with distinctly chilled margins (smaller amygdules)
within a chloritized, massive and amygdaloidal sideromelane shard hyaloclastite
matrix. The fragments are tightly packed (Plate C.8) and separated by a thin
hyaloclastite envelope, or occur as matrix-supported fragments within chloritized
hyaloclastite. Spatter breccia forms distinct mounds on and within volcaniclastic
breccia; angular fragments produced by autobrecciation of amoeboid fragments are

incorporated into adjacent volcaniclastic breccia.
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Interpretation

Spatter breccia deposits, as the name implies, are interpreted o be small
subaqueous spatter cones or ramparts that formed within and outside the crater
during lava-fountaining that accompanied Strombolian eruptions. Similar breccias
within volcanic breccias on emerging seamounts are interpreted to have an

analogous origin (H.U.Schmincke, personal communication, 1983).

C.5 TUFF DEPOSITS

C.5.1 DESCRIPTION AND DISTRIBUTION

Thin (<1m thick) aerially restricted and discontinuous tuff deposits occur
along the base and top of the main lens and within overlying volcaniclastic breccia.
Tuff deposits consist of thinbedded to laminated, locally graded, plane parallel and
mantle bedded andesitic ash intercalated with chert and sulphide-rich (>40%
sulphide) beds. Convolute bedding and undulating laminae with dune-like forms,
although not common, characterize some exposures(Figure C.8, Plate 6.}.

The ash-sized component is identical to the rtuff matrix of volcaniclastic
breccia and consists of fine (<0.02mm) quartz and chlorite with minor, <5%
angular shard-like fragments of quartz and subordinate feldspar crystals. Crystal

rich laminae containing 15-25% quartz crystal fragments are common (Plate C.2D).
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C.5.2 INTERPRETATION

Plane parallel bedding and mantle bedding indicate that moest tuffs are
waterlain deposits that accumulated during brief hiatuses in volcanic activity, The
andesitic component is presumably derived from settling of fine suspended ash
generated by explosive volcanic activity. Sulphide-rich and chert laminae represent
chemical components presumably derived from contemporaneous discharge of
metalliferous and $10.,-rich hotsprings.

Although not unequivical the bedforms of some tuff deposits are consisten
with their emplacement as base surges. Ash laminae inclined to plane parallel beds
(Figure C.8, Plate 6.3) define antidunes that are a charactenistic bed form of the
sandwave facies in base surge deposits. Similarly, convolute bedding and load casts
may be a product of shear-deformation caused by an overriding base-surge deposit
(Fisher and Waters, 1970) or simply gravity sliding and slumping of water-
saturated ash. However, as pointed out by Cas and Wright (1987) the probability
of subaqueous base surges is generally considered low, due mainly to the
resistance of the surrounding water which is interpreted to be great enough to

inhibit surge propogation.

C.6 SILICEOUS DEPOSITS

Aerially restricted (<5 X 5m), discontinuous, deposits of non-bedded to laminated

massive chert (<0.01mm quartz) cement both volcaniclastic and "in sitw breccia



378

within the footwall and lateral to the Corbet main lens. The cherr is 3 pure
chemical sediment (no ash component), interpreted to be a silica-sinter deposited
from localized low-temperature, metal poor, SiO.-rich hotsprings preceding and

contemporaneous with discharge of metalliferous fluids forming the Corbet

deposit.

C.7 SUMMARY AND SEQUENCE OF EVENTS

The sequence of events ourlined below is summarized, diagrammatically, in
Figure C.10.

1. Voluminous eruptions of andesitic flows issued from a fissure within the
MeDougall-Despina Fault now occupied by rhyolite dikes. Continuous Hawaiian-
type eruptions built up a northwest-trending andesitic lava shield composed of two
overlapping "vents" along the feeding fissure (Figure C.10A).

2. A shallow subvolcanic intrusion, the Corbet QP diorite, was emplaced
into its own volcanic pile, during contemporaneous surface eruptions.
Emplacement of the intrusion resulted in a general doming of the vent area (Figure
C.10A).

3. During rhe final phase of lava shield construction, volcanic activity
changed from quiet effusion of lava to pyroclastic eruptions, possibly corresponding
to a decrease in water depth. [nitial eruptions were primarily Strombolian

followed by an ever increasing number of phreatomagmatic eruptions as waler
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increasingly gained access to the vent. The end result was a breccia pile compased
of volcaniclastic breccia transitional between Strombolian and phreatomagmatic
deposits (Figure C.104A).

4. Massive and pillowed flows, erupted within and proximal to the breccia
pile crater, were shattered and brecciated during continued explosive eruptions.
Discharge of metalliferous fluids within the crater formed the main lens of the
Corbet deposit. Contemporaneous SiO,-rich hydrothermal fluids discharged from
hotsprings both within and outside the crater.

5. Continued pyroclastic and hydrothermal activity resulted in the
formation of smaller massive sulphide lenses stacked above the main lens. With
continued eruptions the north wall of the crater collapsed and massive sulphide-
volcaniclastic breceia debris flows were channelled down the north slope of the
Corbet tuff cone (Figure C.10A).

6. Continued pyroclastic eruptions and effusion of lava from the Corbet
vent along with volcaniclastic debris shed from the larger edifice to the northwest
covered the Corber deposit and breccia pile.  Contemporaneous hydrothermal
activity formed 2 small massive sulphide deposits on the south flanx of the larger
edifice.

7. Andesitic volcanic activity ceased and was immediately followed by
extrusion of a thick compound rhyolite flow of the Northwest formation. This tlow

issued from northwest- and northeast-trending feeder dikes in the Corbet area
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(Figure C.10B). Continued hydrothermal activity resulted in alteration of the

overlying rhyolite flow for up to 100m above the Corbet deposit .
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Figure C.3. Subsurface topography of the Flavrian formation at the Corbet Mine
showing the location of the Corbet massive sulphide lenses with respect 1O
a paleotopographic ridge (8800 contour), crater-like depr ession and
underlying Corbet Quartz Diorite intrusion. Diagram was constructed using
data from both surface (open circles) and underground drill holes/workings;
fault offset was removed for simplification.

Figure C.4. Geology of Section 600N (Figure C.3), looking north (modified from
Knuckey and Watkins, 1982).
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7% Corbet Quartz Diorite
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Figure C.5. Geology of Section 800N (Figure C.3), looking north (modified after
Knuckey and Watkins, 1982).

S SECTION 4900E [\

ELOCKY TRANSPORTED SULPHIDE

Figure C.6. Geology of section 4900E (Figure C.3), looking west (modified after
Knuckey and Watkins, 1982).
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Figure C.7. Schematic north-south cross-section through the Corbet breccia pile and
an on-lapping larger edifice to the north (looking west).

Figure C.8. Wall map detailing geology of the #1 draw point.

7

6

Massive fine pyrite.

Andesitic lapilli tuff containing white, sericitized and silicified
scoriaceous andesite lapilli in a finer fragmental matrix with pyrite,
sphalerite and chalcopyrite. Scoria fragments range from subrounded
to flucidal in form with delicate wispy tails. Framework supported
and poorly sorted unit.

Plane parallel laminated pyrite and sphalerite. Beds locally slumped
and broken. Thin bed of massive sphalerite containing pyrite
framboids.

Ondulating laminae of grey and green ash, sphalerite and minor
chert and chalcopyrite with a distinet dune-like morphology.
Individual laminae are normally graded, pinch and swell along strike
and are locally slumped and broken. Sphalerite laminae change
abruptly into chalcopyrite laminae along strike with chalcopyrite also
occuring in fractures oriented normal to bedding.

Convoluted and broken beds of grey chert, ash and sulphides.

Andesite lapilli tuff with scoriaceous andesitic lapilli identical to unit

6.

In situ brecciated andesite with angular, dark green to grey
amygdaloidal andesite fragments within a vein network matrix of
quartz and sulphide (10% pyrite) and <5% fine white scoriaceous
andesitic fragments.

Chalcopyrite filled fractures with chloritic margins.
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Figure C.9. Detailed geology of the 14-3-5 A sublevel where bedded volcaniclastic
breccias comprise the "tongue of ore" along the northeast slope of the
Corbet breccia pile.

O Volcaniclastic breccia

Angular massive sulphide fragments

[rregular massive sulphide fragments

N g7

Large block of massive, finely banded pyrite, chalcopyrite and
sphalerite. Irregular contact with surrounding breccias and flame-
like projections of massive sulphide at fragment margin suggest block
was transported in a semi-consolidated state.

6 Poorly sorted tuff breccia with irregular fragments of massive
sulphide. [nset shows detail of incorporation of volcaniclastic
fragments (block) into margins of massive sulphide clast.

5 Lapilli tuff with altered andesite and massive sulphide lapilli is a
- siliceous and ash matrix.
3 Poorly sorted, framework supported lapilli tuff with chloritized

andesite lapilli and angular blocks of massive sulphide.

2 Matrix supported, poorly sorted, lapilli tuff contianing chloritized
andesite lapilli and blocks in a grey to buff weakly laminated
siliceous matrix.

1 Framework supported, poorly sorted lapilli tuff containing angular
lithic and subounded scoriaceous fragments of andesite that are
strongly silicified and sericitized in a pale green to white siliceous
and sulphide-rich (>10%) matrix. Poorly graded with an increase
in matrix (to 30%) toward the top.
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'S Fissupe
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Figure C.10. Cartoon illustrating an interpreted volcanological reconstruction of
the Corbet volcanic edifice and massive sulphide deposit. A. Depicts the
shield-like Corbet edifice, localized breccia piles and massive sulphide
deposits along the McDougall-Despina Fault. B. [llustrates the extrusion of
the south flow of the Northwest formation from feeder dikes along and
parallel to the McDougall-Despina Fault and from dikes parallel to the South

Rusty Hill Fault.
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PLATE C.1

A. Aphanitic and aphyric weakly quartz amygdaloidal, andes@tic
fragment (A) and chloritized shards (S) within a typical
lapilli tuff.

B. Amygdaloidal andesite fragment (A), chloritized shards and
altered andesitic lapilli in a matrix of finer fragments,
chlorite and quartz.

C. Altered (sericitized) micrelitic andesitic fragment (A} and
angular, plate-like chloritized shards in a finer breccia and
guartz matrix.

D. Matrix to transported sulphide breccia of the #3 lens. Note
the rounded appearance of the chloritized shards (5) as
compared to identical shards in E,F, and G.

E. Delicately shaped chloritized shards with ragged margins
and tails. Note the xenclith of altered andesite (X) within
the larger shard.

F. Plate-like, angular chloritized shards and minor altered
andesitic fragments in a finer breccia matrix.

G. Amygdaloidal shards containing numercus fin oxides.

H. Amydaloidal and massive shards constitute the dominant
fragment type within this lapillistone tuff.






588

PLATE C.2

A. Amygdalcidal andesitic fragment (A) and similar fragments
to right that are partially enclosed with more weakly
amygdaloidal andesite (composite lapilli). Matrix contains
angular chleritized shards and andesitic fragments.

B. Strongly amygdalcidal, "scoriaceous" andesitic fragments.
The tightly packed nature of these fragments, thelr irregular
fluidal form and flattened amygdules suggest they were
deposited hot.

C. Broken composite lapilli. Amygdaloidal andesitic fragments
(A) partially surrounded by weakly amygdaloidal andesite.
Chloritized shards (S) dominate the matrix.

D. Plane bedded tuff showing normal grading and numerous
faults that offset bedding. Tuff consists of broken quartz and
feldspar crystals, fine opaque minerals, gquartz and chlorite.






Plate C.3. Lapilli tuff characterized by numerous altered, angular fragments of
andesite in a finer-grained ash-sized matnx.

dy=y,
sl -

Plate C.4. Numerous sericitized andesitic "scoria” fragments and minor lithic clasts

in a fine tuff matrix.



Plate C.5. In situ brecciated massive andesite flow. Veins separating angular
fragments are filled by pyrite, sphalerite and quartz.

Plate C.7. Close-up of the breccia in C.6.
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ows. Intact and in situ brecciated pillows at the

Plate C.6. In situ brecciated pill
reccia composed of angular blocky

base of the photo grade upward into a b
fragments separated by sulphide.



Plate C.8. Amoeboid, highly amygdaloidal, silicified fragments thar occur as
"mounds" within volcaniclastic breccias. The fragments are separated by strongly
chlontized hyaloclastite.

Plate C.9. Transported sulphide, #3 lens. Blocks of massive sulphide and andesite
are mixed within a finer breecia of the same.
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APPENDIX D.
MINE SEQUENCE STRATIGRAPHY OF
THE POWELL AND HUNTER BLOCKS,
ALDERMAC AREA, CYCLE IV FORMATIONS

AND HORNE MINE STRATIGRAPHY

D.1 THE MINE SEQUENCE OF THE POWELL AND HUNTER BLOCKS AND

ALDERMAC /

-

To facilitate stratigraphic correlation and interpretation, formations which
comprise the Mine Sequence in the Powell and Hunter Blocks and at Aldermac are
briefly described (Tables 2.3 and 2.4). Exposures of the Mine Sequence in both
Blocks were examined during reconnaissance traverses and field tnps. The
descriptions provided below are from de Rosen-Spence (1976) and Lichtblau and
Dimroth (1980) for the Powell Block and de Rosen-Spence (1976), Mattinen
(1975) and Simmons (1972) for the Hunter Block, and Hunter and Gibson (1986)

for the Aldermac area.
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D.1.1 POWELL BLOCK

Four formations comprise the Mine Sequence of the Powell Block and are
described below from oldest to youngest (Tables 2.3 and 2.4). Stratigraphie
sections through the Powell Block are contained in Figure 9.2, and the location of

these sections is illustrated on the generalized geologic map of Figure 9.30.

Brownlee Rhyolite Formation (VI-IX BR)

The Brownlee Rhyolite formation (Figure D.1) is a single aphyric, spherulitic
rhyolitic flow that is conformably overlain by the Powell Andesite formation and
is underlain by the Here Diorite and Powell Pluron. The unit is exposed over a

strike length of 2km and has a minimum thickness of 500m.

Joliet Rhyolite Formation (VI-IX J)

The Joliet Rhyolite formation consists of aphyric, spherulitic rhyolitic flows,
flow breccia and pyroclastic rocks, the latter best developed at the top of the
formation. The formation has a maximum thickness of 900m and a strike length
of 2.5km (Figure D.2); the Western Quemont feeder dike and Eastern QFF feeder
dike and Horne Creek Fault define the west and east contacts of the formation,

respectively. The Joliet formation is conformably overlain by the Quemont

-

formation. The main massive sulphide lens of the Quemont orebody is situated
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at this contact and a smaller lens of massive sulphide occurs 60m below the
contact within pyroclastic breccias of the Joliet formarion. The Powell Pluton
marks the base of the formation.

Rhyolitic flows and breccias of the Joliet formation are interpreted as
proximal deposits that directly overlie their vent area. Intrusion of the Quemont

feeder dikes and Powell Pluton may have obscured recognirion of distinet vents

for the Jolier formation.

Quemont Rhyolite Formation (X-XIIQ)

The Quemont Rhyolite formation consists of rhyolitic flows and pyroclastic
breccias. The formation is exposed over a strike length of 4.0km and has a
maximum thickness of 900m (Figure D.3). The Western Quemont feeder dike and
Home Creek Fault define the west and east limits of the Quemont Rhyolite
formation. De Rosen-Spence (1976) subdivided the Quemont Rhyolite formation
into 7 members (Figure D.3). Members 1, 3, and 6 consist of poorly sorted,
phreatomagmatic, heterolithologic lapilli tuff and tuff breccia. Members 2 and 5
are aphyric rhyolitic flows and members 4 and 7 are QFP rhyolitic flows.

The Quemont Rhyolite formation conformably overlies the Joliet formation.
Members 1-3 are separated from the Powell Andesite formation by the Western
Quemont feeder dike which occupies a synvolcanic fault (de Rosen-Spence, 1976;

Lichtblau and Dimroth, 1980) whereas member 4 is conformably overlain by the



596

Powell Andesite formation in the west and by member 5 east of the Eastern QFp
feeder dike. East of the Eastern QFP dike members 4 through 7 are conformably
overlain by the Here Creek Rhyolite and Delbridge Rhyolite formations.

The Western QFP feeder dike and two identical and parallel dikes to the
east are interpreted as feeders to members 4 through 7 (de Rosen-Spence, 1976:
Lichtblau and Dimroth, 1980). Extrusion of rhyolitic flows and Ultra-volcanian
phreatomagmatic pyroclastic eruptions were contemporaneous with subsidence and
eastward tilting of underlying strata along faults now occupied by the feeder dikes
channelling the Quemont flows and breccia deposits eastwards. The Quemont
lava dome complex acted as a southeast barrier to contemporaneous or slightly
vounger andesitic flows of the Powell Andesite formation. Andesitic flows
eventually overrode the margin of the Quemont dome complex (member 4] but
were confined and ponded by rhyolitic flows (member 5) of the Quemont Rhyolite

formation.

Powell Andesite Formation (XI P)

The Powell Andesite formation comprises a 900m thick succession of
principally aphyric andesitic flows, which in the west contain a 300m thick
succession of bedded andesitic tuffs, the Powell Tuffs, and a QFP rhyolitic flow,
the Powell Rhyolite (Lichtblau and Dimroth, 1980). The Powell formation has a

strike length of 4km between the Beauchastel Fault in the west and Quemont



Rhyolite formation and Western QFP feeder dike to the east (Figure D.4).

The Powell Andesite formation conformably overlies the Brownlee Rhyolite
formation and is in part intruded by the underlying Powell Pluton. The Powell
Andesite formation is separated from the Joliet Rhyolite formation and lowermost
members (1-3) of the Quemont Rhyolite formartion by the Western QFP feeder dike
but conformably overlies a portion of the Quemont Rhyolite formation (member
4). The Here Creek Rhyolite formation (XIV) unconformably overlies the Powell
Andesite formation (Chapter 9); the contact a locally marked by a thin tuff and
lapilli tuff deposit (Lichtblau, 1983).

The Powell Andesite formation thins to the east and the principal vents for
this formation lie near the Beauchastel Fault and in the Flavrian Block. The
Powell Rhyolite and andesitic tuffs occupy a localized depression (de Rosen-Spence,
1976; Lichtblau and Dimroth, 1980); the former may be a satellite body to the

Quemont Rhyolite formation to the east.

D.1.2 HUNTER BLOCK

Five formations comprise the Mine Sequence of the Hunter Block and are
briefly described in Tables D.1 and 2.3. A single stratigraphic section through the
Hunter Block is contained in Figure 9.2, with the location of the section illustrated
on the generalized geologic map of Figure 9.29. Stratigraphic subdivision of the

Hunter Block is tentative due to low outcrop density and few drill holes; estimates



of formation thicknesses are from de Rosen-Spence (1976).

The formations were interpreted (Simmons, 1972, Mattinen, 1974 and de
Rosen- Spence, 1976) to have erupted from a volcanic centre located within the
Hunter Block, 3.5km north of the Ilunter Creek Fault. This volcanic centre is
defined by an increase in thickness of these units.

D.1.3 ALDERMAC AREA

Mine Sequence strata in the Aldermac area are the southwest continuation
of those in the Despina sector of the Flavnan Block (Figure 9.31). The Aldermac
area 15 complexly block-faulted with blocks having opposing dips and facing
directions that crudely define an southeast-trending syncline (Figure 9.31)
interpreted to be a primary volcanic depression or graben by Hunter and Moaore
(1983). The north side of the syncline 1s interpreted o have been uplifted and
tilted southward, during intrusion of the Aldermac syenite (Hunter, 1979).

Four conformable units are recognized in the Mine Sequence of the
Aldermac area. A stratigraphic column based on surface exposures, drilling and
mine workings is illustrated in Figure 9.31. Description of stratigraphic units are

summarized in Table D.2.

D.2 CYCLE IV FORMATIONS

To facilitate interpretations and volcanic reconstruction, formations overlying

the Mine Sequence are briefly described in Tables D.3 and 2.4, and their
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distribution illustrated in Figures 9.29 and 9.30. Unlike rhyolitic and andesiric
formations of the Mine Sequence these later formations are not confined 1o either
the Flavrian, Powell or Hunter Blocks.

Post Mine Sequence {Cycle 4) formations represent a conformable succession
that overlies the Mine Sequence. The one exception is the Here Creek Rhyolite
formation which, in the Flavrian Block, unconformably overlies the Amulet
Andesite formation. This unconformity is defined by east - west striking shallow
south dipping flows of the Here Creek Rhyolite formation lying on north-south
striking and east dipping flows of the Amulet Andesite formation. This angular
unconformity suggests that eruption of the Here Creek formarion from feeder dikes
within the McDougall-Despina Fault was accompanied by subsidence along the
same faults and a general east-tilting of strata in the Flavrian Block relative to that

in the Powell Block.

D.3 HORNE MINE STRATIGRAPHY

A description of the Horne Mine strata, south of the Horne Faulr is

summarized in Table D.4.
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APPENDIX E. VOLCANIC AND SUBSIDENCE

HISTORY

The volcanic and subsidence history of each formation within the Mine
Sequence of the Noranda Cauldron is outlined in detail below and summarized in

Table 11.1 , and Figure 11.4.

CAULDRON CYCLE #1
Stage [ Tumescence

Tumescence of the cauldron and surrounding area above a rising, shallow
level magma chamber is indicated by the generation of radial and ring fault
systemns and central or apical graben (Old Waite Dike Swarm) in the domed
cauldron area. The intrusive Meritens phase was emplaced within 500m of surface

along the McDougall-Despina ring faulr during extrusion of the Flavrian formation.

Stage [I Cauldron Collapse and Eruptions

Stage [l overlapped with Stage [ and is represented by formations V F to
VIIL. Although volcanism and subsidence occurred simultaneously, initial cauldron
subsidence is interpreted to have followed magma withdrawal during eruption of

the Flavrian formation {V F).
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Flavrian Formation (VF)
1. Andesitic flows issued from fissures localized along major faults and a central
graben area (Old Waite Dike Swarm) producing a low relief lava plain covering
the cauldron floor.
2. Phreatomagmatic and Strombolian eruptions during the waning stages of
volcanism were localized along feeding fissures such as the McDougall-Despina
Fault.
3. along the north margin of the cauldron the Ansil QFP dome was extruded
contemporaneously with andesitiec flows which nearly buried it
4. Submarine hot spring activity within a volcanic vent along the McDougall-
Despina Fault formed massive sulphide lenses at the Corbet deposit

contemporaneous with Phreatomagmatic and Strombolian eruptions.

Northwest (VI N), Lower North Duprat Rhyolite (VI LND), Brownlee and
Joliet Rhyolite Formations (VI B/J)
1. The North and Sourh rhyolitic flows of the Northwest formation spread laterally
away from northeast and northwest trending fissures located along cauldron
margins to partially cover the cauldron floor.
2. Rhyolitic flows of the Brownlee/ Joliet formations issued from a fissure along the

south margin of the cauldron.
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3. The Lower Duprat rhyolitic flow erupted from a "flank" vent located 10km north

of the cauldron.

4. Rhyolitic flows built up broad shields or plateaus with slopes ranging from 10"-
200,

5. Minor subsidence accompanied eruption of rhyolitic flows with localized hot

spring activity and deposition of waterlain tuff (Lewis tuff).

Cranston Member (VI NC)
1. Eruption of the Cranston QFP dome from a northeast trending fissure along the
north margin of the cauldron followed and was contemporaneous with extrusion
of andesite from a fissure located along the Cranston Fault.
2. Debris-flow deposits shed from the steep slopes {+30) of the Cranston dome
and possibly by phreatomagmatic eruptions produced a blanket-like breccia apron
extending south to Ansil Hill.
3. Subsidence along the cauldron’s north margin caused the ponding of the
Cranston rhyolite.
4, On the cauldron’s south margin the Brownlee Rhyolite was down faulted from
the Joliet Rhyolite. Following down-faulting phreatomagmatic explosions on the
cauldron margin deposited a heterolithologic breccia on the south-east tilted Joliet

Rhyolite.
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5. Submarine hotspring activity accompanied volcanism, a small massive sulphide
lens (precursor to the Quemont deposit) formed along the ancestral Home Creek

Fault.

Rusty Ridge Formation (VII R), Lower North Duprat Andesite (VII LND)
1. Voluminous eruptions of andesitic flows issued from fissures principally within
the Old Waite Dike Swarm but also along the McDougall-Despina Fault, Cranston
Fault and at Ansil Hill, covering and inundating the irregular topography of
underlying rhyolitic flows.
2. Andesitic flows erupted from "flank" vents north of the cauldron (VII LND).
3. Phreatomagmaric explosions accompanied localized, contemporaneous rhyolite
volcanism producing small deposits of heterolithologic breccia near the base and
top to the Rusty Ridge formation south of Ansil Hill.
4. Subsidence, principally in the Old Waite vent area, accompanied volcanism
resulting in the development of a low, broad, lava plain covering the floor of the
cauldron. Absence of the Rusty Ridge formation in the Powell Block suggest it
was barred by subsidence along the ancestral Beauchastel Fault.
5. Submarine hotspring activity accompanied volcanism forming the massive

sulphide lens at the Ansil deposit and the Quemont deposit on the cauldron’s south

margin.
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Amulet Formation (VIII A), Lower and Upper Members

Lower member (VII[ Al)
1. Near-surface phreatomagmatic eruptions marked the ascent of rhyolitic magma
within the McDougall-Despina Fault and deposited Beecham Breccia 1o areas south
of its main vent.
2. Subsidence of the cauldron floor accompanied or immediately followed
phreatomagmatic explosions.
3. Three rhyolirtic flows, erupted from vents located wirhin and along the cauldron
margin, spread across the cauldron floor. The south and north advance of the
flows was blocked by subsidence along rhe Bancroft and ancestral Hunter Creek
Fault.
4. Submarine hotspring activiry accompanied volcanism with localized deposition

of waterlain tuff.

Upper member (VIII Au)
1. Thick, massive, flood-type andesitic flows were rapidly erupted from 4 main
vents spread across the cauldron floor but were barred to the north and south by
subsidence along the Cranston and ancestral Beauchastel Faults.
2. The Bedford rhyolitic flow, erupted from vents within and adjacent to the
McDougall-Despina Fault, covered Beecham Breccia south of the Bancroft Fault and

directly overrode contemporancous andesitic flows north of the fault. The F-
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rhyolitic flow, was emplaced near the top of the Upper member in the F-shaft
sector,

3. Andesitic flows of the Upper member buried the irregular topography of the
rhyolitic lower member producing a relatively flat lava plain that covered the
cauldron floor between the Cranston and Beauchastel Faults.

4. Submarine hot spring activity accompanied volcanism and along the south

margin continued to form the Quemont deposit.

Stage IlI Sedimentation

1. A cauldron-wide hiatus in volcanic activity and subsidence allowed deposition
of the C Contact Tuff which covered the cauldron floor north of the Beauchastel
Fault.

2. Submarine hotspring activity accompanied sedimentation and was most vigorous
in the Amulet-Millenbach sector where the C Contact tuff, a pyritic sulphide facies
iron-formation, contains small, zine-rich VMS lenses. Hotspring activity continued

in the Quemont deposit area at the cauldron’s south margn.

CAULDRON CYCLE #2
Stage IV Tumescence (overlaps with stages IIl and V)
1. Renewed volcanic activity and subsidence was preceded by a period of

rumescence that reactivated pre-existing faults and generated new ones.
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2. Asymmetric disposition of rhyolitic flows about their vents suggests that during
uplift the cauldron floor was tilted to the east and south east in the Norbec sector

and Powell Block during extrusion of the Waite and Quemont Rhyolite formations.

Stage V Cauldron Eruptions and Collapse

Waite/Millenbach Andesite formation (IX W/M)
1. Andesitic flows, were erupted from fissures within the Old Waite ke Swarm
and New Vauze sector to completely cover the cauldron floor north of the
Beauchastel Fault.
2. Andesitic volcanism in the north part of the cauldron {New Vauze Sector) was
interrupted by extrusion of a rhyolitic flow.
3. Subsidence accompanied volcanism, both in the vent areas and cauldron
margins; upper flows of the Waite Andesite formation were ponded north of the
Vauze Fault.
4) Submarine hotspring activity accompanied volcanism. A tuff was locally

deposited on the cauldron floor.

Waite Rhyolite (XW), Millenbach Rhyolite (XM), Upper North Duprat
Rhyolite (X UND) and Quemont Rhyolite (X Q) Formations
1. Rhyolitic lava that issued from vents in the Vauze Mine area and Old Waite

Dike Swarm merged to form the #1 flow of the Waite Rhyolite formation which
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flowed east of its vent on the east-tilted cauldron floor.

2. Rhyolitic flows of the Upper North Duprat Rhyolite formation were erupred
from a "flank" vent north of the cauldron.

3. Three rhyolitic flows and thin andesitic flows erupted from vents located on
the north flank of the Waite Rhyolite #1 flow in the New Vauze sector.

4. Subsidence along the north margin of the cauldron ended with extrusion of the
Waire Rhyolire flows.

5. Hotspring activity accompanied rhyolitic voleanism, with VMS deposits at Vauze,
Norbec and East Waite formed during this interval.

6. The Millenbach-D68 lava dome erupted from 3 vents along a 2.0km northeast-
trending fissure extending across the Despina cauldron wall to build up a steep-
sided (20" - 70%) rhyolitic ridge. Submarine debris flows, produced by collapse of
the domes steep slopes and possibly by phreatomagmatic eruptions, formed a
blanket-like breccia deposit northwest of Millenbach.

7. Rhyolitic eruptions in the D-68 arca were accompanied by extrusion of
contemporaneous andesitic flows which were incorporated within the growing D-
68 lava dome.

8. Two small satellite flows, the Turcotte and K rhyolite flows, were erupted
contemporaneously with the Millenbach-D68 lava domes.

9. Hotspring activity accompanied rhyolite voleanism producing massive sulphide

deposits at the base, within and on top of the Millenbach-D68 ndge.



617

10. Along the south margin of the cauldron, rhyolitic flows and heterolithic,
phreatomagmatic explosion breccias of the Quemont formation covered the

Quemont massive sulphide deposit and Joliet formation.

Amulet Andesite (XI A) Powell Andesite (XI P) Formations

1. Andesitic flows, erupted from fssures in the Old Waite Dike Swarm in the
Amulet-Millenbach area and MecDougall-Despina Fault, flooded the irregular
ropography of the cauldron floor. Rhyolitic shields of the Waite Rhyolite and
Quemont Rhyolite formations restricted the andesitic flows to the cauldron’s
interior.

2. Extrusion of the lowermost flows of the Amulet/Powell Andesite formations
overlapped with rhyolitic flows of the Waite and Millenbach Rhyolite formations.
3. In the Powell Block, emplacement of the Powell Rhyolite and deposition of the
Powell Tuff, which extends north to Millenbach, was contemporaneous with the
uppermost units of the Quemont Rhyolite formation.

4. Andesitic flows, erupted north of the Despina cauldron, were not accompanied
by significant subsidence whereas continued collapse of the Despina cauldron

(Despina sector) accompanied extrusion of the Amulet Andesite formation.
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5. Andesitic flows within the upper part of the Amuler/Powell formations were
erupted in shallower water than flows lower in the succession as the cauldron was
in-filled.

6. Hotspring activity accompanied volcanism and massive sulphide deposits formed
at the base (Amulet lower A, Old Waite) , within (Amulet upper A, Old Waite)

and at the top (Newbec) of the Amulet Andesite formation in proximity to its

feeding fissures.

Stage VI Sedimentation

1. Deposition of tuff during a brief hiatus in voleanism and subsidence.

Stage VII Tumescence

1. Tumescence preceded eruption of the 4th cycle [ollowed by
contemporaneous eruption of the Insco Rhyolite and Newbec Andesite formation.
2. Reactivation of McDougall-Despina Fault and emplacement of rhyolitic dikes
was accompanied by phrearomagmatic eruptions at surface (breccia deposited) and
extrusion of Here Creek Rhyolite simultaneous with final collapse of the Despina
cauldron and tilting of the cauldron floor. This resulted in an angular unconformity
between Amulet Andesite flows and rhyolitic flows of the Here Creek Rhyolite

formation.
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3. Here Creek Rhyolite flows were ponded berween the Quemont and Insco

Rhyolite shields.

CAULDRON CYCLE #3

Stage VIII Cauldron Eruptions and Subsidence

1. Overlaps with Stage VI.

2. Conrinued eruption of 4th ecycle rhyolitic and andesitic formations was
accompanied by subsidence along the Horne Creek Fault. Minor subsidence along
the Donalda Fault, following extrusion of the South Bay Andesite formation (XVI
SB), ponded rhyolitic flows of the Don Rhyolite formation (XVMD) within the
Delbridge Cauldron.

3. Hotspring activity accompanied volcanism with formation of massive sulphide

deposits at Delbridge, and Gallen,
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APPENDIX F. CHARACTERISTICS OF ANDESITIC

AND RHYOLITIC FLOWS
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APPENDIX G.

GEOCHEMISTRY

AND TABLES OF CHEMICAL ANALYSES

G.1 INTRODUCTION

The geochemisiry of the Blake River Group, and in particular the Noranda
Volcanic Complex (NVC), has been described extensively in the literature by
Baragar, (1968), Dimroth et al., (1983), Gelinas et al..(1977; 1984), Goodwin
(1979) and de Rosen-Spence (1976). These workers would all agree on the
subalkaline, mixed tholeiitic to calc-alkaline character of the voleanic succession
but not on the origin of the magmas or the palec-tectonic environment of the
NVC.

De Rosen-Spence (1976) interpreted a) the NVC to consist of both cale-
alkaline and tholeiitic basalts and andesites whereas the dacites and rhyolites are
restricted to Fe-rich or tholeiitic categories, h) that both the tholeiitic and cale-
alkaline andesites belong to a single, low K, calcic magmatic suite derived through
differentiation of a primary olivine tholeiite magma and ¢} that the chemistry of

the volcanic succession 1s compatible with either an i1sland arc or oceanic ridge
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environment. Dimroth et al., (1983) interpreted the NVC as forming above a
north-dipping subduction zone with the calc-alkaline magmas derived from partial
melting of subducted oceanic crust and sediments.

Gelinas et al., (1984) interpreted the NVC as a tholeiitic to calc-alkaline,
rhyolite - basalt/andesite bimodal central volcano rthat formed in a "continental
environment" where ascending mafic magmas (High-Mg basalt) fed a high-level
central reservoir that was melting and assimilating sialic crust, Based on trace
elements and REE, Gelinas et al., (1984) interpreted the calc-alkaline magmas of
the NVC to be products of mixing berween a felsic magma occupying the top of
the magma reservoir and ascending mafic magma that was blocked by and
essentially underplated the reservoir.

It 1s beyond the scope of this study to critically evaluate the models outlined
above: the main emphasis during this research was to assess variations in major
and some trace elements during alteration and to characterize rhyolitic and
andesitic formations of the Mine Sequence. Further research will be conducted 1o
determune 1f there are stratigraphic changes in the major, trace and rare earth
elements within cauldron subsidence cycles and in the Mine Sequence overall. In
the following discussion "andesite" refers to rocks of basalt, basaltic andesite and

andesite composition.
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G.2 GEOCHEMICAL CHARACTERISTICS

1) Mine Sequence formations are subalkaline in character. All samples,

regardless of degree of alteration, plot within the subalkaline field of the Ol - Ne -
Qtz diagram (Figure G.1, Irvine and Baragar, 1971). Even strongly silicified
andesitic flows of the Amulet upper member, although not shown in Figure G.1,
plot in the subalkaline field.

2) Based on their Si0, content Mine Sequence volcanic rocks were classified
as rhyolite, dacite, andesite or basalt. Discrimination diagrams utilizing normative
colour index and plagioclase compasition (Figure G.2A, Invine and Baragar, 1971)
and trace elements (Figure G.2B, Winchester and Floyd, 1977) generally support
this initial SiO, classification scheme. Least altered flows from andesitic formarions
plot in the basalt and andesite fields on both diagrams and rhyolitic flows
generally lie in the rhyolitic field but do extend into the dacitic fields. Silicified
flows typically plot in the andesite and basalt fields but do extend into the dacite
field on both diagrams.

3) The Si0, content of andesitic and rhyolitic flows, excluding these that
have been silicified, ranges from 50 - 64% and 66 - 78%, respectively. Figures G.3
and 4, show the varation of major oxides with respect to Si0;; generally hoth
rhyolitic and andesitic formations show deereasing MgO, AlO,, Fe,0s, TiO;, MnO
and CaO with increasing Si0,. Na,O and P,O; show no distinet trends with

respect to Si0; in either rhyolites or andesites; however, K0 does show a slight
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increase in rhyolites.

Except for the behaviour of Na,O, the variation of the major oxides with
respect to 5i0; are those expected in a mafic to felsic transition. The erratie,
scattered behaviour of Na,O indicates thar the alkali content of the flows is not
reflected by their silica content and is interpreted to be a product of Na-addition
during spilitization (Chapter 12).

In silicified andesitic flows of the Amulet upper member the decrease in
MgO, Al,O,, Fe,0,, TiO,, MnO, and P,O. with increasing 5i0,, interpreted to be
a result of Si-addition during silicification, mimics possible igneous differentiation
trends in andesitic and rhyolitic formations (Figure G.5). The erratic behaviour of
Na,O and CaO is attributed to spilitization. Dara from the upper member plotted
on the ternary diagram of Figure G.6, (FE=Fe,0; +~ MgO, 5I=510,, and NA=
Na,0 + K,0) form a distinct trend which essentially parallels the SI -FE sideline.
It would appear that the silica/alkali ratio, possibly a product of spilitization, has
remained relatively constant, with respect to components of the diagram, during
progressive silicification.

4) Gelinas et al., (1984) subdivided the Blake River Group and NVC into
nine chemostratigraphic units; andesitic flows of the Flavrian and Rusty Ridge
formations fall within their Duprat-Montbray unit, a mixed tholeiitic to cale-
alkaline succession whereas the Waire, Millenbach and Amulet Andesite formations

are included wirthin their Dufault unit, a calc-alkaline succession. As illustrared in
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Figures G.7 to G.12, Mine Sequence andesitic formations and Feldspar Porphyriric
and Quartz Feldspar Porphyritic rhyolitic flows plot in both the cale-alkaline and
tholeitic fields of AFM and Jensen Cation diagrams which suggests that individual
lithostratigraphic formations are not readily subdivided into tholeiitic and cale-
alkaline chemostratigrahic units using these diagrams. Because Si, Fe, Mg, and
alkalis are relatively mobile during chloritization, silicification and spilitization
(Chapter 12), classification diagrams such as the AFM and Jensen Cation plot may
not be reliable. To overcome this problem Gelinas et al., (1984} proposed that an
effective discrimination between the calc-alkaline and tholeiitic series could be
obtained by using "immobile trace elements”, particularly Zr/Y and Ti/Zr ratios,
which they interpreted to be <4 and =70 respectively, in tholeiitic andesites. Zr/Y
and Ti/Zr ratios calculated for Mine Sequence andesitic flows (Tables G.6 A and
B) clearly indicate their predominantly tholeiitic character. [n support of this
interpretation least altered andesitic and basalric flows in Figure G.2A (Irvine and
Baragar, 1971), plot in the basalr and tholeiitic andesite (icelandite) fields. The
high Fe,0, (total Fe), TiO, and low AlLO, content of the Mine Sequence andesites,
along with the relatively flat REE parterns of andesitic and rhyolitic feeder dikes
(Figure 8.6), is more typical of tholeiitic rarher than calc-alkaline andesites. [n
summary, subdivision of the Mine Sequence and for that matter, the NVC, into
tholeiitic and calc-alkaline units may be difficult and perhaps not justifiable. Some

of the calc-alkaline and mixed tholeiitic - calc-alkaline units within the Mine
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Sequence may be tholeiites that through subsequent alteration, such as
spilitization, chloritization and silicification , have been chemically maodified to
resemble calc-alkaline andesites (de Rosen-Spence, 1976: MacGeehan and MacLean,
1980; Gibson, 1979). The strongly silicified Amulet upper member, based on Zr/Y
and Ti/Zr ratios, appears to be a mixed tholeiitic to calc-alkaline succession.

5) The paleo-tectonic environment in which the NVC formed is a matter of
controversy. Various authors, notably Pearce and Cann (1973) proposed that
magma types, characteristic of various tectonic environments, can be distinguished
on the basis of their trace element composition that was presumed to have
remained immobile during alteration and metamorphism and geochemically
consistent throughout time. Trace element data for Mine Sequence andesitic and
basaltic flows, of Table G.6 A and B, plotied on Ti/Zr and Ti/100 - Zr - YX3
(Pearce and Cann, 1973) diagrams show considerable scatter but commonly fall
in Fields 1, 3 and 5 (Figure 13 A and B) which encompass ocean floor basalts,
within plate basalts and island arc volcanoes, a wide spectrum of environments.
None of the andesites, however, plotted within the field of low K island arc
tholeiites (a paleo-environment proposed by de Rosen-Spence, 1976), and only one
sample plotted in the field occupied by calc-alkaline island arc basalts.

6) Based on 1265 chemical analyses Gelinas et al., (1984) interpreted the
Blake River Group and NVC to be a bimodal basalt/andesite - rhyolite succession.

Their histogram (Figure 5, Gelinas et al., 1984) of silica content illustrates the
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bimodal character of the voleanic rocks with two peaks, at approximately 58% and
75 % S10,, and a distinct "gap" between 65-70 % Si0,. Histograms of the Si0, and
TiO; content of the Mine Sequence flows and feeder dikes (Figure G.14) clearly
illustrate the bimodal character of this succession. Andesitic flows have 2 median
value of 57% Si0, and 1.1% TiO, in contrast to a median value of 75% 510, and
0.3% Ti0, in rhyolitic flows. Silicified andesite flows of the Amulet upper member
neatly fall within the "Si0, gap" (60 - 70% Si0,); however, the TiO, content of

these flows is similar to that of non-silicified andesite.

G.3 INTERPRETATION

The Mine Sequence is interpreted to be a subalkaline, primarily tholeiitie,
basalt/andesite - rhyolite bimodal succession. The compositional bimodality of the
Mine Sequence flows and feeder dikes, occurrence of contemporaneous rhyolite
and andesite-basalt magma in composite dikes, and a general upward trend in the
percentage of phenocrysts within the Mine Sequence and an overall greater
abundance of phenocrysts in Cycle IV formations is interpreted o be a product of
continuous “tapping” of an open, high level, compositionally zoned magma
chamber characterized by a more felsic, "rhyolitic” top and a more mafic, "basalt-
andesite" bottom (Hildreth, 1981; Thurston et al., 1985). The Flavnan pluton 1s
interpreted to be the intrusive equivalent of this compositionally zoned magma

chamber (Goldie, 1978). Using major element data, trace elements and REE
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Paradis et al., (1988) interpreted the Flavrian trondhjemite, diorite and zabbro to
be co-magmatic and the intrusive equivalent of Blake River Group rhyolitic,
andesitic and basaltic flows. Paradis et al., (1988) also noted that the tonalitic and
hybrid phases, that they interpreted to be a product of fractional crystallization
and that Goldie (1978} interpreted 1o be a product of magma mixing between an
early gabbroic and later trondhjemitic phases, had no known extrusive equivalent.
This may not be the case. The marked similarity in major oxide composition, trace
elements and Zr/Y and Ti/Zr rarios between least altered andesitic flows of the
Amulet upper member (<65% S5i0;) and tonalitic rocks containing <65% Si0,
(Tables 1 and 2, Paradis et al., 1988) suggests they may be co-magmatic. Thus,
andesitic flows of the Amulet upper member may be the product of complete
mixing between a more mafic, perhaps differentiated magma and a more felsic

magma within a compositionally zoned magma chamber.
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Figure G.3. Variation of major oxides with respect to Si0,, andesitic flows.
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TABLES G.1 to G.5

Major and trace element dara for the Mine Sequence flows are presented
in Table G.1. Samples were analyzed at the University of Ottawa and at Xray
Assay Laboratories (XRAL) in Toronto, using a fused pellet X-ray fluorescence
technique (XRF).

The precision of the University of Ottawa XRF determinations is given in
Table G.2, and was checked by analyzing duplicate pellets of several samples;
results of the duplicate analyses are presented in Table G.3. The accuracy and
precision of the XRAL ARF determinations for both major and trace elements is
outlined in Tables G.4 A and B. Precision was checked by analyzing duplicate
pellets (Table G3).

Table G.5, compares the analytical results of the University of Otrawa and XRAL
techniques using the same sample.

Sample numbers preceded by 79, 80, 81, 82, 83, BC, BH, [ or Nor were
collected during this research and are located on Map 2.

Sample numbers preceded by- TS are from Smith, 1984.

-V, REA, WH, § are from de Rosen-Spence, 1976.
- 007-032 are from [kingura, 1984.

- 21505-21571 are from Watkins, 1980.



TABLE G,1

e e L - e T

g2-167 82-169 82-171 82-175 83-166 83-67
SAMF NO,-> PAOSO24  PAQS027  FADS028  FAOS029 FAOS030 FAQGSOZ1

5102 74,33 7371 P T 76.24 7450 £4.90

AL203 {5, 15,33 124,75 11.44 fim e 12.10

FE203 2,41 4,29 4,73 3.78 3.24 757

HND 0.04 0,05 0,07 D.04 0.C4 0.09

HGO 0,61 1,56 1,63 0.40 87 1,87

CAD 1.8% 1.78 6.73 0,47 {73 1.06

N&20 5,92 4,99 502 4,91 S.84 5,39

K2 0,04 0.02 0.07 §.35 0,08 0.07

T102 0.37 0,37 0.34 0.34 0. 40 0.40

F205 0,03 0.03 0,03 0.04 0,08 0.20

CR203 0,00 0,00 0,00 G.00 0.00 0.00

LOT 0.00 0.00 0,00 0.00 1,60 1.93

TOTAL 98,07 98,13 98,20 98.01 99,95 Pa.ES

5 0.00 0,00 0,01 0.00 Q.00 0.00

EA 28,00 50.00 313.00 142.00 0.00 0.00

CR 24,00 22,00 27,00 2,00 20,00 I0.00

IR 228,00 224,00 236,00 241,00 240.00 250.00

SR 42,00 75.00 312,00 24,00 120,00 40,00

RE 8.00 0,00 ¢.00 3,00 < 10.00 < 10.00

¥ 42,00 54,00 446,00 52,00 0,00 0.00

ME 4,00 7.00 5.00 6,00 B.00 0.00

IN 7.00 18400 15.00 15,00 0,00 0.00

NI 0.00 0.00 1.00 0.00 0.00 0.00
83-2404

SAMF NO.-3 FAGS0O32

5102 72.80

AL203 11.10

FE203 2.84

MNO 0.03

MGD 2,98

CAo 1.79

NAZO 2.24

K20 3.39

TiOZ il g

F205 0.07

CrR203 0.00

LO1 2.00

TOTAL 99,54

g 0.00

BA 0.00

CR 10.00

IR 220,00

SR B0.00

RE &0.00

¥ 0.00

NB 0.00

ZN 0.00

MI .00



TABLE G.1 664

AR T OD T =SS =SEEEEEZEZIODSEE==SS==S=FEIOoC

81-205 81-210 81-212 52-08 Nor 54 Mor 55
SAMP NO.-»  FADS033  FA0S0I4A  FAOS03S  FPAOSO34  FACE037  FAOSO03R

SI02 74.35 70.91 F3.90 74,81 2% .70 &7,30
AL203 12,77 12.73 12+15 12418 14.6G9 11.84
FEZO3 4477 4,06 s | 4.24 8,73 .14
HHD 0.04 Q.05 0.03 .03 0.20 0.19
MG 2419 1.53 P Tvdia T ] 4,30
Cwh0 d.28 T 1,31 0,25 0.48 D43
HAZO0 9,01 Tet&7 ki D.4%9 3,87 138
K2 0.18 0.08 0.10 0.08 0.93 1.37
Ti02 0.3%9 J.41 0D.37 0.38 0. 45 D43
F203 0.04 Q.02 0.00 0. 02 Q.07 o.11
CR203 0.00 2. 00 0,00 0,00 Q.00 Q.00
LOI G.00 Q.00 0. 00 Q.00 2.%94 .44
TOTAL 100.02 P71 ?7.8% ?E. 8O FF.08 FFLI7
s G.00 a0 0,00 0.01 C.o0 0.00
EA BY .00 83.00 L&, 00 S1.00 0.00 0.00
CR 23.00 27400 26.00 21400 0.00 Q.00
ZR 307 .00 227 .00 297.00 I01.400 442,00 I72.00
Sk 22,00 &£%.,00 .00 25.00 28.00 B.00
RH Q.00 Q.00 0.00 0.00 17,00 24.00
T 112,00 8.00 $1.00 103 .00 115,90 F7.00
H B .00 4,00 11.00 11,00 0.00 Q.00
I 22,00 B.00 5. 00 ?.00 Q.00 Q.00

MI 1.00 0.00 4,00 0.00 Q.00 0.00



SAHMF NO.->*

83-133
PADSIES

et e e S e

20,00
320.00
< 10.00
50.00
0.00
000
.00

0. 00

- maw T

20,00
330,00
10.00
&0.00
0.00
000
Q.00
0,00

[ABLE G.1

_-—_ e — oo EmS oSS SSS=ESS=S=EEITTCCDZECDZ=



TABLE G.1 666

AMULET FORMATIONS} LOWER MEMEER: 41 FLOWi FELDEFAR FORFHYRITIC RHYOLITE

82-152 52-155 §2-157 B3-62 A3-109 BE-112
SAHF ND.-> FAOS039  PA0S040  FADTO41 FAOSO42  FA0S043 FADS044
5102 74.37 71.21 FRAR B0 .40 49 .50
AL203 1 11,2 11,25 8.97 0T D
FE203 3457 7.87 5,52 1.B7 2,50 5,95
HND 0,08 0,25 0.17 G 05 0.07 0e11
MGO 2.37 2017 2.39 0,64 G472 0,40
Cab 0 S 0,31 02 4 S Lt [ S .&4
MAZD 2.02 A .73 4,57 Bo7 1 Byl
K2 2.02 0.88 0.38 0,33 2,07 1.24
TI02 0.30 0,29 0.28 0.25 bR 0.37
F205 0.01 0.00 0,03 0,04 2.05 0,18
CR203 0,00 0.00 0.00 0,00 0,00 0,00
LOI 0.00 0. 00 0.00 0,77 2,08 1,39
TOTAL TR o713 97.28 97,36 99.51 77,41
= 0.01 0.03 D.01 0.00 D00 G0
BA 324.00 335.00 126.00 G.00 9.00 .00
CR 26,00 24,00 27,00 20.00 10,00 20,00
ZR 289.00 268,00 270.00 260,00 270.00 2E0 .00
Sk 5.00 14,00 5.00 40.00 40,00 260,00
RE 38,00 13,00 3.00 10.00 10.00 30.00
¥ 53.00 50.00 6£2.00 0.00 0,00 0,00
NE 2,00 7,00 7.00 0.00 0.09 0.00
N B7.00 184.00 131.00 0.00 0.00 0,00
NI &.00 0.00 3,00 0.00 0,00 0.00

83-140 83-143 83-155 83-1589 §3-162 83-187
SAME NO.-> FA0S04S  FAOS046  FPA0S047  FAOS048  FADS04%  FAOTOSO
sI02 47 .40 £9.70 74,20 73.00 il 70,10
AL203 13.10 12.60 10.70 12.90 12,00 11.50
FE203 6.71 S5.70 3.16 LR Al S.5%
MND g.18 0.12 0.07 0.08 0.12 9.28
MGO G 77 0.8% 1.08 B3 7 oL, 81 4.47
CAD 1.71 3,18 1.62 1,40 o6l 0.08
NAZO 5.27 4,93 3.15 s I.46 0.07
K2 {57 0.18 1.44 1.04 213 1.898
TI02 0.50 0.50 0.29 0.32 3.40 §.27
Fz05 0.12 0.12 0.03 0,05 0.07 0.05
CR203 0,00 0.00 0,00 0,00 0.00 0.00
LOI 1+47 1.39 2.54 1,47 1.3% 3.08
TOTAL 98,60 $9.34 %8.30 160,15 99.95 959.57
5 0.00 0.00 0,00 0,00 0.00 0,00
EA 0.00 0.00 0,00 0.00 0.00 0.00
CR 20.00 10.00 20,00 20,00 20.00 10.00
ZR 270,00 230,00 310.00 350.00 350.00 340,00
SR 80,00 F0.00 © 16,00 70.00 B0 .00 10,00
RE 20.00 20.00 40,00 30.00 £0. 00 20,00
Y 0.00 0.00 0.00 0.00 0,00 0,00
NE 0.00 0.00 0.00 0.00 0.00 0,00
ZN 0.00 0.00 0,00 0.00 0,00 6,00
NI 0.00 0.00 0,00 0.00 4,00 0.00



e e T Ny O S Sy e =

100.05

0.00
0.00
10.00
340.00
< 10.00
20.‘00
0.00
0.00
Q.00
0.00

TABLE G.1

#3-207 83-209
FAOS052 FAOSOSE
79.40 7EZ.70
11.40 11,70
3.594 4.10
{)1'0? D-I-Qﬁ
1.%7 2.88
0,23 0.2
4,43 2+07
.87 2403
0.2 0,27
0,03 0.05
0.00 2.00
1.54 2.85
?2?.87 29,95
Q.00 0.00
0,00 .00
100,00 10.040
20,00 33000
< 10.00 10,00
20,00 I0.00
Q.00 Q.00
0,00 0.00
0400 3,00
0,00 0.00

—— .

i o L T

TE

667



TABLE G.1 668

AMULET FORMATION} LOWER MEMEER: #2 FLOW; QFF RHYOLITE FLOWS

S L S8 S e e gl af S S—S—i-—f-4- 8 8 L § § & Bogvi-d—4-fl=a B B A N B F £

82-53 82-54 82-59 52-62 82-66
SAanF HO.=-= FAOS112 FAOS113 FAODI114 FAaQS115 FPROS11&
SI02 Tt 72.89 AR T4, b4 78.318
ALZ203Z 2,29 128 10.10 10.81 HoEn
FE203 4.37 4,790 1.72 4,38 dedl
HHO 0.08 0. 11 0.03 Q.07 0,08
HGO 1427 1.2% .29 1,22 0.84
Can 030 1.43 1:42 e B B 1. 023
MAaZ 2a42 4,32 1.799 2.59 4.17
R2 1.14 0. 78 4.44 1.%2 Q.77
TIO2 [ .27 0425 Q.30 28
FZ203 0.02 GO0 GO0 Q.00 Q.05
CR203 Q.00 Q.00 O 0o 0,00 Q.00
LOI 0.00 G.00 Q.00 Q.00 0.00
TOTAL P08 90 ?28.1% FPa349 FELTO
& Q.00 0.04 0.01 0. 00 0.03
BA 257.00 280,00 294,00 d51.00 230.00
CR 2B.00 J0.00 23.00 24,00 246.00
iR 209,00 278,00 24%.00 248.00 224.00
SR 22.00 73.00 2,00 56,00 48,00
RE 22,00 5.00 &4 ,00 44.00 13.00
X 92.00 7700 33.00 4G .00 57400
HE 2. 00 g.00 Pa 00 700 4,00
M 102.00 1438,00 16.00 8%.00 200

NI 146,00 S, 00 000 D00 17.00



TABLE G.1

669

AMULET FORMATION; LOWER MEMEER: #3 FLOWS FELDSFAR FORFHYRITIC RHYOLITE

&1-85 81-89 81-91 Bl-94 el = 81-101
SAMP ND.->  FPA0S047  FAOS068  FA0S069  FAOSO70  FPAOSO7TL  FAOS0T72
S102 75.46 73.41 2310 7I.74 P32 78,21
AL203 11,465 11.14 11.56 11,40 10,835 5,56
FE203 4,46 553 NS 3,37 2.58 3,72
MND 0.07 0.15 0.07 0.08 0.06 0.10
MGD 1,51 2412 1 1,31 0.58 Lot
Cal 1.30 2.94 0,44 2,34 L. 40 2.30
NAZD 4,53 3,00 4,30 3,51 1.58 2,80
K20 1.04 1.84 e 1,30 1,89 1.67
T102 0,325 P24 25 0.24 ¢ 2 e
F205 0.00 0,00 0,01 0.00 0. 00 3.00
CR203 0.00 0.00 0,00 0. 00 0.00 0,00
LOI 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 100,27 100,47 97.78 97,53 78,41 99,34
5 0.00 0.00 0,02 0,00 0.03 0.0
BA 135,00 426,00 273,00 251.00 481.00 412,00
CR 23,00 30,00 24,00 23.00 20,00 24.00
ZR 275.00 241,00 274,00 D89 .00 252,00 240,00
SR 32.00 2.00 22,00 43,00 39.00 29.00
RE 17.00 19.00 18,00 16.00 20,00 21.00
% 56,00 6% .00 55 .00 44,00 56,00 49 .00
ME 8,00 4,00 7,00 £.00 .00 7 .00
ZN 62,00 72.00 76,00 48,00 82,00 74,00
NI 3.00 0,00 0,00 0,00 0.00 4,00

81-104 Bl-106 g8l1-122 81-115 B2Z-183 82-102
SAMP ND.-> FAQS073  FAQS074  FPAO0S07S  FA0S07¢  FA0S077  FAGSO7E
5102 75.43 75439 73,464 521 58,45 74.84
AL203 11.96 11,77 2,08 11 2 20,45 i
FE203 4.16 4,94 4,17 4,51 6447 3.87
MNO 0.06 0,05 Gy 1 0.07 0,10 e
MGO 1,32 3.78 0.68 3.52 3,23 1.5
can 0462 0.43 1.30 0,14 0,28 0.30
NAZ2O 4,27 2,44 3.46 2,40 0,21 4,87
K20 o 1,59 2,53 1,18 .80 0,72
T102 0,27 0,26 27 .24 046 0,25
F205 0.01 0,00 0. 00 0.02 0.03 .01
CR203 0,00 0,00 0.00 0.00 0.00 0.00
LOI 0.00 0,00 Q.00 0,00 0. 00 0. 00
TOTAL 100,17 100,67 98,232 98.74 94,72 98. 07
5 0.00 0.01 0.00 0,00 0.00 0.00
BA 352,00 197,00 546,00 273.00 1237.00 162.00
CR 19.00 29.00 25.00 30,00 23.00 22.00
IR 285,00 282.00 294,00 271,00 S08 .00 272,00
SR 19,00 12.00 S8.00 12,00 4,00 29.00
RE 24,00 29,00 44,00 20.00 124,00 8.00
¥ 61,00 57 .00 64,00 56,00 103.00 59.00
NE 6.00 6400 8,00 9.00 17.00 7.00
ZN 111.00 82.00 57,00 54,00 §3.00 20,00
NI 0.00 0,00 0,00 12.00 Q.00 0.00



TABLE G.1

AMULET FORMATION: LOWER HMEMBERF #3 FLOW? FELDSFAR FORFHTRITIC RHYOLITE

T B e T T

81-116 81-134 81-138 51-165 81-166 81-167
SAHMF NO.->  FA0S0SS  FADS05s Pﬁndad? FAOSOSE  FPAOS0S?  PADTO&D
SI102 75, A2 75.15 77.78 74.548 73.9% 78,42
AL203 12,11 12.28 10,94 1147 10,45 B.93
FE203 4.5 4.07 2.48 1.94 ot 3.79
MNO 0.10 0.09 0.064 0.10 0,10 A
HGD 2.0% 1.50 .55 1.19 251 .82
CAQ 0.37 0.79 0,62 0,88 0,08 0,19
NAZD 4,44 4,79 4,01 G s a7
K20 D.&9 0,92 2.05 0.10 1.88 0.43
TI02 05 0.27 0.24 e i D.17
F205 0.04 G.00 0,01 0.00 0,00 0.00
CR203 Q.00 0,00 0,00 Ge00 0,00 0.00
LOI 0.00 0.00 0.00 0,00 0.00 0.00
TOTAL 100.48 PP .86 98.75 $7.98 37,60 97,40
= 0,00 0.05% 0.00 0.01 0.03 0,00
EA 222,00 234.00 541,00 76,00 S518.00 133.00
CR 22.00 28.00 32, 00 256.00 20.00 24.00
IR 224,00 299.00 261,00 275.00 254,00 209.00
SR 24.00 25,00 23.00 27.00 0,00 5,00
RE 10.00 11.00 20.00 0.00 28,00 3.00
i 41.00 40,00 S4.00 52.00 42,00 47.00
NE 8.00 g8.00 7.00 &.00 11.00 5.00
i 40,00 F&.00 111,00 104.00 1980.00 29,00
NI 0.00 0.00 0. 00 1.00 0,00 0.00
81-170 51-171 81-172 §52-181 82-182 52-83

SAMF NO.-»  FAOT0&1 FAOS062  FAOS063  FACS0E4 FPA0S0&S  FPAOSOsS
§I02 75.05 7129 74,06 J?.ao 7o 74.23
ALZ203 11.74 11.48 11.50 13443 10,62 12,11
FEZ203 3.55 7.97 4,33 g8.71 4.40 5.40
MND 0.03 G.148 0.10 g1 0.0 0.0%
MGO 1.90 .65 .30 4,44 AR | 2435
CaD 0.2 0.19 2 4,30 0.30 «55
NA2D 0,97 1.84 4,52 4.06 2,41 .83
K20 .13 1525 0.10 VS 2.44 0.97
TiO0Z2 0.25 0.25 0.25 0.92 0.22 0.30
F205 0.02 0.02 0.00 0.03 0,00 0.00
CR203 0.00 0.00 0,00 0,00 0,00 0.00
LOI 4,00 0.00 0.00 0,00 0.00 0,00
TOTAL 98,95 98,30 ?8.45 28.07 97.82 99.83
g 0,00 0.01 0.00 0.01 0.03 0.01
EA 525,00 359.00 &6 .00 111.00 720,00 140.00
CR 28,00 28.00 21.00 70.00 10.00 24.00
IR 275.00 268,00 271.00 81,00 244,00 325.00
SR 10,00 5.00 %.00 283.00 318.00 27.00
RE 314.00 15.00 0.00 8400 37.00 14.00
¥ 45.00 71400 58.00 23,00 54,00 42.00
8.00 0.00 &.00 11.00

NE 8.00 3.00
N 59.00 223,00 199,00 44,00 57.00 6400

HI Q.00 0,00 .00 28.00 0. 00 O. 0

=



TABLE G.1

AMULET FORMATIONW: LOWER HEMEER: 3 FLOW:

B2-193 82-194 H2-198
SAMF MO, - FPAQSOVY FAODSOED FAODOE]
5102 73.32 F20D F3.55
AL203 12.88 12,42 11.07
FEZO3 .41 4.922 4,42
N .13 0.13 Q0,07
HGO 1.31 1.68 3,48
Can d.448 0.35 0.+20
Hazi 4,41 3.0% 0.a9
k20 1.84 212 2.47
Tig:z2 Q.2 Q.27 04 &3
F205 O.01 0.00 .01
CR203 Q.00 0. 00 Q.00
LOI 0.00 Q.00 D400
TOTAL ?8.05 P72 ?6.1%
3 0.01 0.01 .00
BA 410,00 478,00 318.00
CR 23.00 248,00 24,00
Ik 305.00 301 .00 266,00
SR 47.00 27,00 &.00
RE 31.00 36,00 35,00
Y &9 .00 &é& .00 &0, 00
HE 7400 F.00 5400
I F3.00 100.040 78,00

HI 1.00 0.00 Q.00

FELDSFAR FORFHYRITIC RHYDLITE

671



TABLE G.1 672

AMULET FORMATIOMN: UFFPER MEMEER: BEDFORD FLOW: FELDSFAR FORFHYRITIC RHYOLITE

82-80 82-144 Nor 74 Nor 75 Nor 79 Nor 80
SAMF NO. - FAOIoTO FAODOY] FAGDSOTZ FaOS0T3E FAGSOTS FHAOEOTS
SInz T3 70.92 72.:40 TR A Fy 08 ool |
aL2id 11.61 12.10 b B EBe e BiE e il e
FE203 4,09 S84 & 30 4,7 4,03 L3ih
HHO 0.08 011 [l 1 0.10Q Q.08 0.0
HGO 2.95 .40 L 2o e | T2y
Cad D2 4,58 0,18 [ HEELT Q.29 I +5dh
NAaZ20 2.55 2,88 0.0% B 0.00 gD
K20 1.34 D57 283 204 1.%3 2w bl
TIOZ2 025 O.54 J.28 0.30 .24 W T
P205S 0.00 G.04 0,04 0,05 0,048 .08
CR203 Q.00 Q.00 0.00 Q.00 Q0 0,00
LOI Q.00 0,00 270 LT b pr L 1.97
TOTAL 5.72 92.20 go.11 22.55 131 .91 F5.04
= 000 0.00 .00 0.00 0.00 0,00
EA 293.040 4,00 Q.00 0.00 0.00 0. G0
CR 2300 274 .00 D 00 Q.00 000 Q.00
Fit 281 .00 218,00 270,00 374,00 358.00 359,00
SR 11.400 257.00 4,00 1Z.00 I4.00 24,00
RE 1500 11.00 47 .00 41,00 23,00 28,00
Y 5B.00 A%, 00 52.00 &5 .00 55.00 53,00
WE &.00 4,00 0,00 0,00 0,00 0. 00
M 40,00 37.00 Q.00 0.00 000 0.00

1 Q.00 2.00 0. 00 0. 00 .00 0. 00



TABLE G.1 673

AMULET FORMATIONF UFFER HEMEBERF F- qHﬁF"’ FLOWS FELDSFAR F{JHFHYR[TIC RHYOLITE

SI02 77.80
ALZ2D3 11.1¢0
FEZ2D3 P.72
HHNO 0.04
HGO 0,472
CAD 1.42
MAZ0 Al
K20 .62
TI02 0.28
F203 0,05
CR203 Q.00
LOI .23
TOTAL Fe.42
S Q.00
BA 0.00
CF 0.00
IR 210,00
SR £0.00
RE 10.00
¥ 0.00
ME Q.00
iy | 0. 00

NI 0,00



TABLE G.1

WILLEMBACH RHYOLITE FORMATIONF GFF RHYOLITE FLOWS

[-031 I-032
SAMF NO.->- FAOS11Y FAQO118 FAadch11Y FAOGS12G
5102 F0.31 74.47 73,49 79,18
ALZO03 1 e L 11.80 11.74 Ll
FE203 3.035 3.2% 3.88 3.44
HHO 0.10 Q.10 Ga11 0.10
HGO 1.44 1.54 1.7% 1.41
Cal 0.34 0.35 Q.38 o, a9
Ma20 4.17 4,13 J.+18 2.43
K20 .79 0.82 1.33 1.24
7102 Q.22 23 0,29 L]
F20%5 0.03 G.01 Q.03 0.03
CR203 Q.00 .00 0.00 0. 00
LOI 0.00 0. 00 Q.00 0,00
TOTAL F1.59 FhH.FE Fh. 44 Fhabb
5 G.09 .11 0,04 .04
Ba 274.00 288.00 257 .00 2714040
Ck 17.00 26,00 29.00 314,00
rd o 184.00 1%90.00 183 .00 173.00
SR 20,00 22,00 14,00 17.00
RE g.00 12.00 28,00 25.00
Y 44,00 4% .00 47,00 45,00
ME 10.00 7.00 g.00 &, 00
i 117%2.00 13146.00 1174.00 1293.00
MI 7.00 &.00 2.00 1.00



TABLE G.1

675

MILLEMBACH RHYOLITE FORMATION: K FLOWF: FELODESFAR FORFPHYRITIC RHYOLITE

e e S It e e e S P o B B e R R R b R Rl e

50-52 B0-56
SAMF NO. - FaOS0s7? FAGDRTE
SIo02 A&7 .44 &7.1%
AL 203 12378 13,57
FE2O03 8.71 4.%9%
MO .13 0.04
HGO 125 231
Cab 1.34 3.09
NAZD S e B 4,34
K20 Q.47 Q.82
TIDZ Q.62 O.44
FI0S 0.14& 0.02
CRZ203 Q.00 000
LOI 0,00 0,00
TOTAL 7 .37 F4.923
5 0,00 0,00
En 142.00 301,040
CR 23.:00 25.00
ik 213.00 248 .00
SR 32,00 108,00
RE 2.00 14,00
¥ 3B.00 a6, 00
ME 7.00 £.00
IN 104,00 So.00

NI G.00 4,00



TABLE .1

T5-1

SAMF NO.-> PAEOSORY
Sioz 7 S W
AL203 11 .40
FE203 J:84
HHND 0+12
MG 1.07
Ccan 2.01
HaZ0 4,467
KZ0 G.B84
TI0:2 Q.23
FZ0% 0,03
CR203 000
LOI T 23
TOTAL g AT
o 0.00
EhA .00
CR Q.00
ZK 0,00
SR OO0
RE 0.00
Y 0,00
MNE 0.00
N 0,00
HI 0. 00

0.00

0,00

0. 00

0.00

0.00

T&=7

SAMF WO.-> FARS1OD
SI02 49,70
AL203 22,50
FE2O03 11.50
MO .12
HGO 1,38
CAad .48
MAa20 0.95
K20 el L)
TIO02 .52
F20% .06
CRZ03 0,00
LOI 3.70
TOTAL FE.88
S 0.00
Béa 000
CR 0.00
IR 0.00
SR 0,00
RE 0.+00
Y Ga 00
NE 0.00
] (I
HI 0.00

0.00

Q.00
T5-3

FAQD104

77.50
10.90
2w
0.03
0,80
0,44
ke
1.07
0.21
G.03
0. 00
[ B

—_— -

0. 00

D.o%
103
0.70
2431
G, 78
0,28
D4
¢. 00
1.00

9B, P8

0.00C
0,00
0,00
G. 00
0. 00
0,00
Q00
Q.00
0,00
O 00
0.00
Q.00
0. 00
0,00
0. 00
TS-9
FAOS107

2590
11.40
7S
Q.07
C.78
.B&
JaPd
2+17
0.23
Q.03
Q.00
1.15

T3

o
L]
— e

+

{0 T T Y Y T R M B

O O O oL 3 D
R = R Y S

-0
L=l

G.00
000
o]
0,00
0.00
0.00
Q.00
Q.00
Q.00
0. 00
0.00
o.00
0.00
0,00
.00

T5-10

S

+ . m

'
Lo B0 TN O R o) B

1

~f 0 LT LRl g

ol = R
>
L)

0,00
0,00
0.00
000
000
Q.00
000
.00
2.00
0,040
0. 00
G.00
0,00
0.00
0.00
7511
Faasla?

TS5-6
FADISY 4

1. 206

i e
o

4 &0

W

o R B el 4 el R
P
5

I S I == ]
o

73.00
12.00
370
0.03
1.48
1.44
3.57
1.54
0.26
Q.03
Q.00
1.47

FB.74

G000
0.00
.00
2.00
.00
0. 00
J0.00
0,00
.00
0,00
Qe 0l

By



TABLE G.1 677

T5-13

S5AME MO, =3 PAOS11]
sS102 Fh.00
AL 203 11.50
FE203 2. 4%
MHO Q.05
MGO 0.E1
Cab b )
MAaZ20 4.%7
k.2 Q.25
TIOZ2 0,23
FP205 0.03
CR203 Q.00
LOI 0.85
TOTAL Fe.E81
5 0,00
BA 000
CR Q.00
IR Q00
Sk 000
REE Q.00
f Q.00
HE Q.00
IN Q.00
NI 0,00
Q.00

.00

Q.00

O.00



TABLE G.1

Nor 73 Nor 77
SAMF HO. - FaOS121 PAOSIZT
SI02 &% .70 71.%0
ALZ03 12.10 11.80
FEZL3 S 47 TR
MM e 0.09
MGO LG B 1.87
cCal Q.82 Q-3
HAZO0 243 o
k20 2,44 1,39
TIiODZ2 [0 B Qa2
FZ03 0.11 0. 10
CRZ203 Q.00 Q00
LEI .08 15 Ea
TOTAL b R Tl
) 0,00 0,00
Ba Q.00 0,00
CEK Q.00 0.00
IR 294,00 207,00
SR AQ, Q0 44,00
RE 2700 E200
i 296,00 4%, 00
NE Q.00 f .00
IN 0. 00 .00

NI 0.00 Q.00



TABLE G,1

FLAVRIAN FORMATIOMN

g2-74 82-174 B3-170 RI-230 21505 21510

SAMP ND.-> PAOS242 PAO5243 FA0S244  FAGS245S  FAOS246  FAOS247
5102 59,10 o047 S52.40 47,49 S4.00 bl R
AL203 15,41 16,39 14,70 14.80 14,70 =.50
FE203 71t 10,072 12.30 4.96 10.04 8,13
HNO 0,19 0,17 0.21 0.08 0.27 0.24
HGO .10 6,23 &.01 3,70 3.45 4,50
Ca 3,54 e b.74 5 45 1.03 4,51
NAZO 5,99 4,80 %, 47 4,14 P & a4
K20 0,40 0.08 0,32 0.78 RE 041

TIO2 0.98 1.08 1,50 1,06 1.03 0,60
F205 0.0E .09 0,18 .13 015 e o
CR203 0,00 0,00 0,00 o, 00 0. 00 0.00
LOI 0.00 Q.00 0,93 2,31 4,38 4,46
TOTAL 98,50 98,01 99,03 102,01 100,44 °8.81
5 0.00 0,01 0. 00 0,00 G Y00 0.00
BA 207.00 33,00 G, 00 0,00 0,00 0.00
CR 101,00 107,00 30,00 20.00 0. 00 .00
IR 100.00 100,00 EQ.00 150,00 0,00 0.00
SR 111,00 134,00 130.00 190,00 0,00 0.00
RE 3,00 0,00 20,00 20,00 0.00 0,00
Y 23,00 22,00 0,00 0.00 0. 00 0.00
N E 0. 00 4.00 0.00 9.00 0,00 0.00
TN 40,00 32,00 0.00 0.00 000 0.00
NI 81,00 74,00 0.00 0. 00 0,00 0.00

R s e ) s B s T Ty

21519 21532 elod] 21543 21547 21549
SAMF NO.->  FAO0S248  PAOS34%  FAOS2S0  FAOS2SH FAOS252  FAOS2Z53

cI02 9610 3370 93.%0 93.70 Sh. 40 I
ALZ203 15.10 14.350 15.%70 15.00 14.00 14.70
FE2D3 8.70 .71 11.40 11.87 TaTs 12909
HMO 0.19 0.34 2l 0.34 0.19 0.45
MGO Ga 74 b 4,89 4.14 S.36 4,57
Cad 237 2.37 2.18 LA P el 4.1%
NAZ0 4,05 4.48 2.00 9.71 5,449 4.379
K20 0.31 0.23 0.07 Q.10 O, a4 0.23
TI102 .87 1.00 1.88 1.83 1,09 Letsds
F205 0.12 C.14 0,31 0.2 0,135 0.1%
CrR203 Q.00 Q.00 0,00 0,00 .00 .00
LOI 3.92 3.08 22 0.B3 1+77 1.6%
TOTAL 78,479 ?7.52 FH. 464 100.07 RTa ?P.74
g G.00 Q.00 0,00 0. 00 Q.00 Q. 00
EA Q.00 0.00 0,00 .00 0.00 0.00
CE Q.00 2,00 .00 0.00 0,00 0.00
IR 0.00 G.00 0.00 Q.00 Q.00 Q.00
SR Q.00 0.00 0.00 0.00 0.00 ¢.00
RE 0.00 Q.00 0.00 Q.00 000 0.00
13 0.00 Q.00 0,00 .00 0. 00 0.00
NE Q.00 Q.00 0.00 Q.00 000 2. 00
I 0.00 Q.00 0.00 Q.00 2. 00 Q.00

NI 0.00 0. 00 Q.00 Q.00 0. 00 Q.00



TAEBLE G.1 &80

FLAVRETAN FORMATIONM

e e Sy e e e B P e o

21555 21554 21555 215740 21571
SAMF WO, -3 FROSZS4 FRO3ZZS Fa0o254 FAJZZST FAOSZESE
sI02 58.590 4. 70 £1.40 S20.90 S0.70
ALZO3 15.30 14,40 14.40 17.40 13.50
FE203 10,72 11.08 2 10.53 L4.74
MO 22 .33 0.1% 0.30 9.43
HGO 4,73 d4.41 4,32 S ¥7 4.74
CAab 4.04 2.94 4,12 3.34 9.0%
HA2l 492 4,74 4,07 4,14 .05
K20 .13 0,059 2.81 .15 0.11
TIO2 1.00 1.73 0.71 1:23 1.74
F203 0.13 0,24 Q.09 0.17 20
CRZ203 Q.00 Q.00 0. 00 0.00 0.00
LOI .23 1.85 1,62 .85 2,00
TOTHL 100.14 E.73 100.1% 7700 100.34
5 0.00 0,00 Q.00 Q.00 000
BA 0. 00 O 00 0,00 0,00 0.00
CR 0.00 Q.00 Q.00 0,00 0,00
LR 0.00 .00 0,00 0.00 Q.00
SR Q.00 Q.00 Q.00 Q.00 9,00
RE G 00 0.00 0.00 0.00 0.00
¥ 0. 00 .00 0.00 Q.00 0.00
ME Q.00 0,00 Q.00 Q.00 0.00
N 0,00 Q.00 000 0.00 Q.00

NI 0.00 0.00 0.040 0,00 Q.00



SAMF
Si0;

Al.Oy
Fe 0,

06,67
15.49
11.65
0.26
4.62
6,46
4.62
0.23
1.44
0.8

101.64

0.00
171.

44,
106,
241.

d1.

185.

TABLE G.1

RUSTY RIDGE FORMATION

81-183
67,92
13.46
4.2
0.8
2.35
2683
6.4
.60
1.24
0.33

58.90

0.00
250,

35.
117

R

Fo

i8.

81-1584
80,00
4.7
9.31
0.13
5.35
2.63
=
0.35
1,32
0.35

8,70

0.00
103.
39.
121.
e B

40.
()
108.

49,32
16,43
10,93
0.17
Fipeas
8.39
4.6
0.15
1.06
0,

97.83

0,00
245.
B2.
104.
208,
(BET
36,
Ljx
a3.
17.
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B1-191
58.70
12.85
11.13

0.21
6.92
4.99
4.72
0.05
1.24
0.15

100,82

0.00
31.
€9,

125,
48.

355

107.
84.



TABLE G.1

RUSTY RIDGE FORMATION: ANDESITE

81-193 21-194 21-197 21-195 g1-201 21-202

SAMP NO.-> PAOS24S  FAOS244  FAOSDE7  FAOS248 FAOSD49 FA0OSZ70
s102 56477 58,21 54,90 62,88 AZe7d 57.19
AL203 14,94 14.64 15,67 14,29 13,47 14,465
FE203 10.21 9. 40 9,71 .58 10,39 ?.59
MNO 0,18 0.13 0,14 0,09 0,08 By
HGO 4,95 5.51 &k 4,95 o 5,25
c:g &.27 5.50 4.94 4,02 1,84 5.5t
Na2 A 21 4,01 5,2 4.5% 5,30 4.29
K20 0.08 0.09 0,25 0.15 e 0.05
;igg Tah fg 1.7 1,03 0.91 1187
2 0,09 0.10 0,12 0.17 G 1 0.11
CR203 0.00 0,00 0,00 .00 0.00 0.00
LOT 0,00 0.00 0.00 0.00 0,00 0.00
TOTAL 78,98 78,94 9B, 41 100,77 99,07 28.14
5 0.00 0.00 0,00 0.04 0,02 0.01
BA 96,00 67,00 120,00 B4 .00 7B.00 39,00
CR 55,00 43.00 47,00 57,00 70,00 55,00
IR 123.00 122,00 121,00 105.00 90.00 133.00
SR 164,00 142,00 103,00 11600 84,00 148,00
RE 0,00 0.00 0,00 0,00 0,00 0.00
Y 33.00 31.00 34.00 26,00 21.00 41.00
NE 3,00 4.00 0.00 4,00 3.00 3,00
ZN 142,00 70.00 91.00 80,00 62,00 958,00
NI 2,00 6,00 10,00 12,00 0.00 10.00
31-203 Bl1-204 52-84 52-87 82-88 B2-94

SAMF NO.-> PA0S271 PA0S272  PA0S273  FA0S274  FAOSIFS  FPAOS274
SI102 54.04 2552 62,93 57.95 S7.42 5 05
AL203 13,70 14,72 14.51 14.56 1540 14.190
FE203 .29 4.88 8,56 8,42 8.81 7.15
HNO 0.13 0.16 0.11 0.09 0.15 0.10
HGO 4.91 2,18 3,13 0.00 2.85 2,91
CAD 2,65 6,93 2,86 15,08 L a7 1.86
NA20 sl 4,46 5,01 0. 20 4,50 5.18
K20 0.03 0.90 0.29 0.02 G.07 0.05
TIO2 1,33 1.36 1.30 108 1,46 0,74
P205S 0.24 0.35 0,24 0.00 0, 9% .20
CR203 0.00 0,00 0.00 0.00 0,00 0.00
LO1 0,00 0.00 0,00 0.00 0,00 0.00
TOTAL 100.85 100.46 98,94 97 .45 24,44 98.34
5 0.00 0.01 0.07 0.01 0.01 0,00
EA 72.00 170,00 101.00 0.00 30,00 78.00
CR 44,00 27.00 38,00 34,00 45,00 32,00
IR 132,00 155.00 110.00 95,00 131,00 150.00
SR 48,00 83,00 69,00 393,00 129,00 S8.00
RE 0.00 2.00 0. 00 0.00 0.00 0.00
¥ 37.00 42,00 32,00 27,00 37,00 45,00
NE 3.00 3.00 1.00 4,00 2.00 4.00
IN 82,00 82,00 103,00 1.00 F1.,00 42,00

MI F.00 3.00 Q.00 .00 1.00 1.00

682



TABLE G.1

RUSTY RIDGE FORMATIONF AMDESITE

B2-101 B82-106 §2-111 B2-120 82-121 BZ-178
SAMF NO.-: FaQ3277 Fa0s278 FadS2ie FADSZBO FAd3Zal FROZ282

sI02 S54.04 564.45 55,972 55.89 ES.92 55,11
AL203 14.40 15,75 15,481 14.74 14.87 1320
FE203 15.28 .81 7.74 11.54 11.93 12 .68
HND 0.20 D.17 .11 Q.26 0.24 0.2
MGO 4,11 v pria | 5.45 3,34 3.43 4,30
Cal 2.31 4,06 3.92 631 S ) 7.10
MAZ0 3.09 5.20 5.55 4,70 4,69 3.14
K20 0.04 0,44 0.480 0.05 0.07 Q.04
TIDZ 1,35 174 1,47 152 1455 1.59
F20S o S 0,28 O.14 0.10 0,18 Ol
CR203 0.00 0.00 0.00 0,00 0,00 0,00
LOT 0.00 0,00 0,00 0,00 .00 0,00
TOTAL 97 .21 SH.44 97.29 98,45 98,02 98,01
S 0.00 Q.03 .09 0.0%9 Q.02 G.00
Ba 0.00 120.00 121,00 0,00 38.00 0.00
CH 45,00 35.00 117.00 43.00 32.00 54.00
ZR 130,00 128,00 115,00 93,00 F8.00 ®2 .00
1) 24.00 0. 00 53.00 80.00 74.00 144,00
RE 0,00 8.00 .00 0.00 0,00 0.00
o 32.00 39.00 28.00 28.00 2%9.00 2B.00
NE 3.00 3,00 0,00 0,00 2.00 4,00
| B5.00 B9.00 9& .00 2.00 234.00 59.00
M1 4,00 0.00 50.00 0. 00 0.00 32.00

§3-5 23-6 83-7 B3-17 83-53 283-56
SAMP NO.-3 FAOS2B3 FAOS284 PADS2ES PAOSZEA FADS2E7T PACSZ2EE
S102 £2.80 S4.00 54,10 50.40 53.90 S&. a0
AL203 14,60 14.40 15.80 13.80 15.80 14.40
FE203 12,20 11.50 2.58 19.30 g8.47 i
MO 0 .25 0,29 0.37 .18 0.13
HGO 4,55 3,43 4,40 &.14 4,93 &, o2
Cal 4,74 5.65 4,54 0.71 5.49 3,39
N&20 3.98 4,38 5.20 0.01 .47 3.53
K20 1.400 0,28 1.75 0.A9 0.8 0.83
TIOZ 1,42 1,54 1.2 1.70 1.33 1.14
F205 0.1% 0,20 021 0.18 0,21 .14
CR203 0,00 .00 0,00 0.00 0,00 0.00
LOI .47 2,70 157 5.08 Efrkr] 2,39
TOTAL 98,82 8.5 98,12 8,38 SB.41 SH.34
S 0. 00 .00 0.00 0.00 0.00 0,00
BA _ .00 o.00 0.00 Q.00 0,00 0.00
CR S0.00 20.00 110,00 50.00 F0. 00 50,00
il o 120,00 90,00 140,00 110,00 140,00 110,00
SR &0.00 50,00 40,00 < £0,00 50,00 110,00
RE 40,00 < 10.00 I0.00 20.00 < 10,00 20,00
X 0.00 0.00 0.00 0.00 0.00 0.00
ME 000 0. 00 0.00 Q.00 0,00 .00
M 0.00 8,00 0,00 0.00 0.00 .00

MI 0. 00 .00 0.00 0.00 0,00 0.00

Ll



SANF NO.-=

S

BEA
Ck
IR
Sk
FeE
¥

HE
LM
I

SAMF HNO.-Z

TABLE 6.1

FUSTY RIDGE FORHATIOM: AMDESITE

B3-120
FAQS293

0. 00
23-19%
FAROSZY?

684

+

D e D el L P D D LR

" = + + =
8 T T o o o R S A T YR, B
Pofed & 0 T 00 = G0 L] DO

[

0L 00

B3=200
FAOSI0D0

e e e e e i . T e S  ——

B3-60 B3=-70 23-113 §3-118
FAOSZBY  FAOS290 FAOS291  FAOS29D
54,20 26,30 &0, 30 2520
14,40 5,40 12.80 14,70
7.49 8,91 9.55 &.74
0.13 0.21 Q.2 0.10
4,50 4.52 3,24 4,50
&+ 78 4,91 3.77 e B
.01 4,467 4,03 4,39
1!2& Q.29 0. 32 Q.30
1.22 1.27 139 1.08
0.2 0.21 0.2%9 Q.17
0.00 Q.00 0. 00 Q.00
0.77 2.03 R <08
?7.73 10C.40 Y38 0821
Q.00 0. 00 000 0.00
OO0 O.00 0. 00 OO0
F0.00 g0. 00 20,00 100.00
13¢.00 150.00 1590.00 120.00
116,00 70.00 6000 100.00
40.00 < 10 .00 10.00 % 10,00
000 0,00 0. 00 O 00
Q.00 Q.00 0,00 D.00
Q.00 0,00 Q.00 O 00
0,00 0,00 0. 00 0.00
R3-106 834145  B3-160 83-164
PAROS2TS FAQS274 FaEOS297 FACGSZ2?8
9&.00 H2.20 &b .40 &£5.740
16.40 11.70 12.50 14,20
7439 Wi 740 &3
0.10 0.16 0.1 Q.09
4,93 J.11 1.71 157
2,70 4,32 2427 2464
&.32 4,88 .00 &, 45
0.18 0.26 0,30 0.34
1.24 1.38 0.87 0.87
.18 0.17 024 0.2
Q.00 0.0 Q.00 0,00
2.B85 1.3 2.08 1.08
?E.51 eIl L 100,20
0,00 .00 0.00 0,00
0,00 0.00 0.00 0,00
g0 .00 30.00 20.040 10.00
120,00 ?0.00 200.00 170.00
4£0.00 80,00 70.00 40.00
< 1¢.00 4 10,00 < 10.00 < 1000
.00 .00 Q.00 Q.00
0,00 0,00 0.00 0.00
0.00 Q.00 0,00 Q.00
0.00 Q.00 0.00 0,00



TABLE G.1 a5

FUSTY RIDGE FORMATION: AMDESITE

s o EEENEs oo EmEmEms— cmm———a

R3-202 83-261 83-263  83-264 83-265 83-266
SAMF NO.->  PAOS301  FA0SI02  FAOS2303  FAOS304  FACSI0S  FAOSInG
5102 24,40 294+70 93.340 J2.80 S3 a0 S4.020
AL203 14.80 14.10 14,40 14,320 14,40 14,70
FEZ203 1120 1030 11.740 11.2 11.40 § o el Bl
MM Q.20 0ls Lo B .17 Dsl4 L4 B8
HGO bHa4a2 4,29 4,14 .08 bt lers 4,463
Cad 3.24 B G443 Fa22 4,78 4,92
NaZ0 4,12 4,30 4,49 357 qa 494 .47
Kz 0.27 03 0,49 O.14 §.20 [ 1B
TIOZ 1.44 b 1.460 1.42 1.465 ) [
F205 0.17 0,20 Q.20 Qs 20 Q+22 G20
CRZ203 0,00 0,00 0.00 Q.00 0.00 0,00
LOI 2493 2,00 1,923 L 2ab2 el
TOTAL FP.24 29.14 ¢8.84 98.52 F2.04 98,77
= 0.00 0.00 0,00 O 00 0.00 0.00
BA Q.00 0. 0o Q.00 0,00 0.00 Q0,00
CR 3000 20,00 40,00 40,00 30,00 40, 00
IR 150.00 110.00 110,90 110,00 150.00 120,00
Sk &0, 00 130.00 120,00 150.00 50.00 150.00
RE < 10.00 < 10,00 T 10,00 20,00 10.00 10.00
i 0.00 Q.00 Q.00 .00 0.00 0,00
HE Q.00 0,00 0. 00 Q.00 Q.00 Q.00
] 0.00 .00 0.00 0.00 000 .00
NI Q.00 .00 Q.00 Q.00 Q.00 Q.00

Nor: 57 Nor 58 Nor &l Nor 62 Nor &5 Nor 66
SAMF NO,.-: FAQS3I0TY FAOGDIOE FROSZIOYT PROSILO FADSE11 FA05312
SI02 53.90 20070 7920 A0 . &D 593.20 S4,.80
AL 203 T&.50 18.70 14.10 12.10 14.%0 14.70
FEZ203 o4 11,30 8.39 12.20 10.60 14.50
MHO 0.2 0.17 0.11 0.14 0.33 Q.14
HGD 4,84 3. 48 4,48 .14 T L .79
Ccan Sa41 3.07 2.83 0.32 4,44 S5.462
N&Z20 S5.00 T 4,484 0,00 J+90 A
K20 1.49 1.50 0.13 0.98 0.31 Q.47
TIOZ 1.13 s R 1.33 1.16 1.32 1.35
F205 0.11 Q11 0.+.11 N 0.19 .17
CR203 0.00 0, 00 0.00 0,00 0.00 0,00
LOI 2.31 Tz J+04 4.54 4.70 3.47
TOTAL 100.18 100,49 .04 9,346 FY .44 YH.BQ
=1 O, 00 0,00 0,00 0,00 .00 0.00
BA 0. 00 0.00 0.00 0.00 G.00 G, 00
CR 000 .00 Q.00 0,00 0.00 Q.00
s 9900 H£1.00 177 .00 147.040 175.00 181.00
SR 102.00 83,00 73,00 4.00 £3.00 175.00
RE 12.00 18.00 11.00 146,00 2.00 &4.,00
i 1&.00 146,00 37.00 J& .00 40,00 40, 06
ME 0,00 0,00 0.00 0,00 0.00 0.00
IN 0.00 Q.00 0.00 0,00 0,00 Q.00

NI 0. 00 .00 0.00 0.00 0.00 Q.00



TABLE G.1 Ba6

Nor 67 MNor 68 Nor 71
SAHMF NO.-> FROS3ILI FAORSI1A FAQS3ILS

e e e e e T o S B B B R M M s e e I

8102 S4.50 64.7% A&7 02
ALZ203 14.40 13.87 13.11
FE203 ?.3% 7,12 4,48
HHO 0.13 0.11 .08
HGO 4,48 4,34 3.2
Cao S«18 1.86& P
Ma 20 4,10 2,02 e b
h2 Q.44 1.81 1.31
TIO02 1.34 0,95 0.74a
F203 Q.17 0.15 0.05
CR203 0.00 Q.00 O 04
LOI 4.1% 4,94 3.2

TOTAL 100.70 101.58 T840
5 0,00 0.00 0.00
Ba Q.00 0.00 0. 00
CR Q.00 .00 Q.00
IR 171.00 208.00 184,00
Sk 103.00 110.00 43,00
RE 4,00 1446.00 17,00
T 37,00 45.00 42,00
HE 0.00 Q.00 0,00
IM 0.00 0.00 Q0,00

NI .00 0.00 3.00



SAMP
S10;
Al,04
Fe-0y
MR
Mg
Cao
Na,o
KO
Ti0:
Pals

I, 1.

TOTAL

B BM
CR
ZR
SR
RBE

NE
4N
NI

80-34
&1.55
14.20
5.85
0.11
h
422
4.17
.04
1.04
.08

20,46

0.0
127
S
134.
214.

FE,

| 5
5.
35

TABLE G.1

MILLENBACH ANDESITE

82=13
.40
16.58
8.63
0.17
.02
651
g i)
0.83
1,30
0.a7

=0, 60

0.00
146,
i
114..
153
B B
28.

E28,
i9.

108,77

2655
2]
98.
24,
12.
24 .

5.
=y
47.

FORMATION

81-27 82-40
&4.85 57.82
14.50 14.24
8.67 8.31
0.1% 0.12
.24 3.64
2.80 7.66
5.58 £ !
0.26 1.64
107 1.00
.48 0.2
101.75 .47
0.00 2,00
49, 234,
28 64 .
A s 86.
B85 116.
Q. a8
44 . 23,
Bis 1.
414, 96.

g 25k

G687

Bl =5
63.6
14.5
]
0,19
2.14
1.20
5.48
0.41
0.98
0.32



96.07

0.0
360.
26.
103

d 52 1o
24.

160.

MILLENBACH ANDESITE FORMATIOHN

w

-3

onbid

R BEES

Ny
B O

- O
I B &

TABLE G.1

5-93
80,35
15.41
B.2
0.17
4,31
3.64
4.24
1.86

5-9
&1

b=
e

NELLYY

&

4
0.
3

4.
4.72

1.33
1.14

5-956
0,40
15,15
8.1
0.18
3.6
5.36
4.95
0.28

688



SAMF NO. -3

T e T E e e ——————

RE

SAMF HO.->

83-28
FAOS330

83-242
FADS342

TABLE G.1

WAITE ANDESITE FDRHﬁTIDN

R e e el B W

83-88

FAOSIZD

ey et e

1i0.400
20,00
0,00
0L 00
2. 00
0,00

UéITE ANDESITE FORMATIOM

53-233
FAQSIA3

Ba=211
FAROZ3IZ4

s e —

100,19

0.00
Q.00

< 10.00
130.00
220,00
< 10.00
0,00

0. 00

0. 00
.00

83=212
Fagszag

10.00
180,00
100,00

10,00

0.00
Q.00
0.00
0.00

- e e o o o o o e o i S W ——— i — o —— SRS T S .

689



SAMP
Si0.
Al.0,
Fe,0q
Mno
MgQ
cCad
Na,0
K0
TiQ,
PO

ID.T.

TOTAL

B B
CR
ZR
SR
RB

NB
ZN
NI

100.4

50
100
a0
=10

WAITE ANDESITE FOEMATION

B3-217
52.0
18.1
9.90
0,15
3,65
6.60
4,18
1.47
1.33
Q.27

2.23

98.5

20
150
190

30

TABLE G.1

£3-218
T4.6
7.50
4.67
0.05
1.44
B.77
0.06
0.6
0.97
0.20

0.77

99.1

10
110
150
<10

83221
58.3
15.1
5.54
0.17
3.62
3.72
3.96
1.01
1.25
024

2.8

99.0

20
150
130

in

20
170
110

10

23241
#

T

2 RBaigbvBBEgs

GGDPE\JDGU'&G

o]

¥e]
¥a]
(48]

20
130
70
10

G0



TABLE G.1
ANDESITE BETUEEN KHYOLITE FLOWS OF THE MILLEWEACH RMYOLITE FORHATION

[-018
SAMF HO. FAOSI44
SIoz 52,45
aL203 14,22
FE203 a.042
HND D.14
HGO J.ag
cCab o
NA&Z0 4,864
K20 .85
TigZ 0.97
FZOS d.11
CR203 0,00
LOI .00
TOTAL 25,82
5 0.05
EA 404,00
CR 114.00
IR 137,00
SR 47,00
RE 8.00
T 29.00
NE F.00
N 165.00

NI 14.00



TABLE G.1
AMULET ANDESITE FORMATION

w501 VEO3 ReAd WHE WH3 WH4
SAMF NO, -> FAOS 345 FAODSI44 FAado3ars Fﬁﬁ“‘ﬂf FAODIqT FROSIZO
SI1o2 95+ 30 9362 95,49 Thaels S9.a3 bR
ALZD3 17.21 14.12 1537 14.80 13.35 Ly ae
FEZD3 10.40 11.25 b Fau53 .28 Fads
HHO 017 .18 0.2 e, 14 Q.19 .14
HGO 3.87 4,77 4,08 T d 7 1.3 4,54
CAO .21 G647 .84 11.649 P47 12,87
MAZ0 J+3a1 b 0 2,80 e 3,32 2.81
k2 0.71 1,00 0.563 .44 D.B7 A LS
TIO2 1.25 164 076 1.23 1.30 S T
F205 0400 Q.00 0,00 000 000 000
CR203 Q.00 .00 0,00 O.00 0.00 Ou 00
LOI 2 T3 1.5 1422 1,42 1.40 1.40
TOTAL 102.78 101.85 100.78 101,87 101.78 102,95
8 0.00 Q.00 0.00 GO0 0.00 0.00
B4 Q.00 .00 0. 00 Q.00 0,00 Q.00
CR 0.00 0.00 0.00 O.00 C.O0 0 00
Fill 0o 0.00 0.00 2. 00 0.00 000 2.00
SR .00 Q.00 Q.00 0,00 200 Q.00
RE O.00 .00 D00 0.00 0400 0.00
Y 0,00 0. 00 Q.00 0,00 0.00 .00
ME 0.00 0. 00 Q.00 Q.00 0.00 Q.00
N Q.00 0. 00 Q.00 0.00 ¢.00 Q.00
MI Q.00 Q.00 0. 00 Q.00 Q.00 Q.00

ﬁHULET HHUE:ITE FORMATION

WHé& WHS WH24
SAMF NO.=> FARS3I31 FaQz3s2 FAOS3IS3

5102 f1.21 37 .40 25.59
AL203 15.83 14.40 14.09
FE203 £.73 2,350 8.18
MO 011 0.22 0.17
HGO 2.03 S.42 4.45
Cal 10.0%5 & &4 ; B
MAZ 1.87 4.08 1.94
k20 1.14 0,70 1.11
TIO2 Q.8% 1.3% 1.1%0
F205 0.00 0,00 0.00
CR203 0.00 0. 00 Q.00
LOI 1.50 1+&4 J.80
TOTAL 101.38 101.3%9 100.85
5 {}lQD G000 ':'+':“:|
BA Q.00 0.00 O 00
Ck Q.00 0. 00 2. 00
Lk 0.00 .00 0.00
SR 0. 00 Q.00 0.00
RE 0.00 000 000
Y 0. 00 Q.00 IR
ME a.00 G, 00 0,00
I 0. 00 0. 00 0.00

NI Q.00 000 Q.00



79-20
0,90
10.68
10.17

0.10
4.88
0.32
0.20
1.11
0.309
0.08

8,90

0.00

268.
30,
209,
e
Lo
57.
4.
54.

TABLE G.1

AMULET UPPER MEMEER

79-31
72.40
1.5
7.597
0.08
4.31
0.18
0.28
1.80
0.41
0.12

90,15

0.0
508.
30,
225,
3.
29.
T2.

57.

79-24
.54
13.97

2.92
0.6
2.21
.79
5.72
0.2
0.47
0.08

= = e

0.0
22.
23,

279,
157.
Q.
68,
7.
0.

BO-&3
67,45
15.43
3.15
0.08
3.77
3.16
5.33
0.10
0.48
0.08

95,60

0.0
Ay
30.

248.
103.

59.
41
45.

82-73
72.33
.28
9.47
0.21
1.37
0.08
0.18
1.89
0.24
0.0

a7.60

0.11
475.
205
244,

26.
47.
5.
189.
AL

603

82-78
74.49
11.53
4.13
0.11
2:26
1.11
3.7
0.56
0.24
0.0

98,33

0.01
420,
25,
267.
3a.
4.
68,

33.



SalMF NO. -

Ef
CR
Lk
SR
R E
T

ME
Zm
I

SAHMF NO.->

ARULET

]

+

o]
A

[ I O o |

o el w0

Q.00
12.00
34.00

148.00
131.00

.00
42,00

4,00
&8 .00

0. 00

d0=27
FAQI12Y

FORMATION#

80-249

- ——

TABLE (.1
UFFER HEMWEEFR:

SILICIFIED

an-18

Fadil12s

64.12
13.98
B27
Q.10
Z4+85
97
e &1
&30
1.32
G.21
Q.00

.00
174.00
54,00
130,00
S& .00
.00
45,00
000
23,00
18.00
S50-35
Fa03131

70,68

12445
2.14
0.08
Fi
0.2
0.13
2l
0.52
Dald
0,04

R EY
244,00
286,00
213.00
4.00
30,00
27,00
F.00
21,00
Q.00
g0-66
Fads13z2

FLOWS

B0-67
FAOS133

31.00

20-69
Fald3l3q

S10Z
ALZ03
FE203
HHO
HGO
Cal
NAZ0
w20
TIO2
F203
CR203
LOX

TOTAL
BA
CR
ZR

=1
RE

NE

NI

4B.15
12:33
6.23
.13
4.0%9
2t

+ 27
Q.08
0,20
0.15
0400
O 00

144,00
120.00
0.00
29.00
9.00
44,00
34,00

1B4.00
‘:IFQ{:
28.00
2.00
24,00
.00

5735
14.07
8.77
Q.15
& &4
2.82
4.75
Q.04
1.14
017
0.00

§£0.00
137,00
206,00
.00
24,00
3.00
&1.00

17,00

64.4%9
13.%0
s.88
Q.07

174.00
209.4040
Q.00
2700
7090
21,00
Q.00

£3.15
14,641
G 74
0.15
2.+81
4,03
d.33
0.03
1.04&
0.37
0.00
Q.00

- -

174,00
178.00
0.00
4% .00
J.00
I7.00
Cra 00

147.00
0,00
34.00
7.00
20,090
0,00

604



SAMP NO. -

il I
3R
R
M E

I

SAMF MO.->

TABLE G.1

-4

FAOSL 4D

&5, 01
13,492
&.24
.08
2328
2«11
S 33
0,10
0.71
0. 30
Q.00

F3.00
0.00
35,00
& 00
64,00
O, 00

81-53
FAQS144

AMULET FORMATIONG UFFER MEMBER: SILICIFIED FLOWS
BO-71 80-76 B0-54 a0-87 80-3
FAOS133 FRAOGLIA FAROS1ZET PRGS138 FADS13T
&7 +42 &7.13 58.07 &2 440 a8, 61
13.74 L2 150 L&, #2F 12,24

46.01 9.00 11405 AT S a7
0.08 D.07 0,19 0.10 0.11
1.%0 1.B83 4,249 .47 T.94
3.24 3.54 S X 4.21 1 .24
4432 R 3.48 4.143 4, 50
0.08 Gal7 Q.02 040d 0.068
0.84 2. 85 1.43 .25 Qb7
0.340 G, 27 D42 0,40 0,20
¢.00 Q.00 0,00 0.00 0,00
0.00 G0 000 000 0.00
98,19 8,17 99,25 99,41 97,91
0. 00 Q.00 Q.00 0.00 0.00
49,00 177,00 0,00 23,00 H400
23.00 LT Y] 37,00 34 .00 24,00
170.00 1834.00 134,00 137,00 212,00
195.00 133,00 247 .00 235.00 9700
0.00 0. 00 O.00 0,00 0,00
35.00 44.00 33.00 37 .00 48. 00
4.00 S, 00 3.00 0,00 4,00
16,400 700 31.00 40,00 173.00
0.00 2%9.00 .00 300 700
Bl-22 B1-23 B1=-28 g81-42 31-45
FACS141 FAOSL 42 FROS143 FaodZl449 FA23145
&£5.54 690 25.88 L7 .63 L0 .44
14.%90 12,726 14,17 14.43 16,799
7.45 a,90 13.7% &, 44 7.81
0.18 .21 .31 0.11 0.12
2+73 3.99 387 3.20 R
.13 1.24 2.78 2.8 1.94
5.23 4,348 = | 4. 01 4.47
0.39 1.356 0.09 0.44 1.44
Q.94 d. 74 1.42 1.04 1.1%9
Q.43 Q.41 D460 .81 + 29
Q.00 Q.00 3. 00 Q.00 .00
L L Q. 00 Q.00 0,00 0. 00
Q.00 0,00 0. 00 0,00 0.1
?1.00 441 .00 146,00 107 .00 110.00
23.00 23,00 26.900 20.00 23.00
167.00 155,00 181.00 170.00 133.090
A8 .00 H0.00 48.00 F.00 130.00
7.00 25.00 Q.00 700 20.00
44,00 27 .00 43 .00 43.00 74,00
&.00 2. 00 &, 00 4,00 11,00
3992.00 F0.00 143.00 21.00 180 .00
.00 0,00 Q.00 000 0. 00

59

-
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B e e e e ot T A b G e e e ] et gt ey e i . i

Ik
SR
RE

NE
IN

Sﬁﬂp Nl:h—.'-"

EEEEE=

J1.00
142,00
21. 00
Q.00
S2.00
Q.00
241,00
0.00

8l-81
FAOS153

32.00
18%.00
&8, 00

0.00
34.00

&.00
103,00
11.00

81-52
FAOS154

TABLE G.1

29.00
135,00
4. 00
Q000
42,00
4,00
Fa4.00
0,00

§1=100

Fa0S155

67441
13,73

EEESDD==D=E=

100,70

000
114.00
27 .00
192,00
100,00
Q.00
44,00
T 00
?1.00
G 00

Bl-118

FAGS1SE

— -

al-7h

B1-119

Q.00
30.00
30.00

193,00
23.00

0.00
43,00

2.00
33.00

Q.00

Bl-124
Fald3138

oa

22,00
0.00



AMULET FORRATIONS

TABLE G.1

UFFER MEMEER#

SILICIFIED FLOWS

L3t I

81-141
FADE164

= i
(RN T o R ot o o S W

I = O R G T o S R
B m o+ ¥ e s
T R TR R o R

-

Lo S o B o B
0D [ s ] O
e e I Y

* w

198,00
40 .00
700
23,00
.00
B81.00
Q.00

Bl1-150
FAOSLTO

21-123
SAMP NO. - FAOSLST
s8I0z 71.24
AL203 12.34
FE203 32.71
HMO 0.11
HMGO 1.81
Cal 2.93
HAaZ20 S04
K20 Q.2
TiDZ i e o
F205 G.18
CR203 0. 00
LO1 0.00
TOTAL .31
5 0. 00
BA 0.88
Ch 23,00
ZF 178.00
SR 33.00
RE 0.00
T 44.00
HE 3.00
IM 79,00
NI 1.00

B1-142
SAMF NO.=> FadS 145
5102 G230
alL203 14.82
FE202 2.1%
HHNDO Q.09
HGO 2.13
CAld 1.40
MNAZD 2.8%9
K20 1.70
Tigz2 1.10
FZ205 0.50
CR203 Q.00
LOI Q.00
TOTAL ¥8.12
5 0,00
EA 157.00
CR 32.00
IR 164.00
Sk 39.00
RE 30.00
Y 45.00
ME 4,00
IN 103,00

NI 3.00

81-124 g1-129
FaQS140 Fadstsl
&7 4D 47 .98
14.4% 14,10
Zua7 &390
.13 i B
2.57 4,48
2.01 il e
4.%20 31,79
1.54 1.44
0.24 O.90
Q.27 0.35
Q.00 0,00
0,00 0.0
101.9%9 101,232
Q.00 0,00
184,00 238.00
24.00 2T .00
202,00 184,00
35.00 A& 0
22.00 18.00
44,00 44,00
3.00 2.00
7o0.00 135 .00
0. 00 Q.00
21-143 B1-147
FAODS1lAA FAOSLAY
aé6.02 40453
12.78 15.02
g.32 7.74
27 0.0%
2+08 2.64
S5.446 2+21
4,39 4,79
0.25 173
0.93 1.10
Q.19 037
Q.00 .00

O Q0 0,00
101.49 101.42
0.02 0.00
B3.00 147.00
29.00 26,00
193.00 185,00
B2 .00 22.00
Q.00 34,00
44,00 S0.00
3.00 4, Q0
105.00 9B8.00
1.00 0.00

81-13 B1-133
FAQTS142 FADS 1A
57 .30 R
13,49 To7e
L. 8% 5 b B
L 1 .01
J.34 2+ A0
pEad o TS
3.90 4,98
1:.494 1:13
0,79 .85
AR 0,28
Q.00 .00
Q.00 .00
10842 1G1.04
0. 00 0.00
364,00 204,00
20.00 22 .00
219.00 201 .00
&0 .00 47 .00
19.00 2.00
51.00 44 .00
&, 00 5,00
2% .00 74,00
GO0 Q.00
81-150 29152
FadS148 FAQS14Y
A& .44 &d 30
13.29 13.65
T hH4 Gia
PR ) 018
I.04 1.08
Pl 3479
.44 5.38
10 2 L)
0P S 0,88
.17 Q430
000 Q.00
Q.00 QL 00
99,20 $8.32
Q.00 G.03
101.00 112,00
25.00 28.00
195.00 1837 .00
ZB8. 00 71.00
17,00 1.00
44,00 41.00
.00 2.00
B81.00 &45.00
O, 00 171 Q0

121.00
26,00
184.0w
D2.00
1%.00
44,00
J. 00
&% .00
0.0



SAMP NO.-

AMULET FORMATIONGS

TABLE G.1
UFFER HEMEER:

SILICIFIED

FLOWS

e e RN E E E C E C m E T T T T I FE S N ke e e e e R e e e e e e o

&a%.34
13!-'{!!1
S22
0.07
1,03
1.54
b.13
0.08
[T
Osld
Q.00
G3.00

=

F8.58

0.01
43 .00
Z1.00

215.00
83.00

Q.00
437 .00

.00
54.00

O.00

15240
.14
dald
2+28
214
DAk
1.04
1.03
3. 29
Q.00
Q.00

L g

®7.8%5

Q.01
479,640
24,00
214.00
ad. 00
11.00
44,00
700
123.00
3400

82-81
FAOS1EL

82-44

0,068
273.00
23400
148,00
42,00
24,00
dé ., 00
4,00
534,00
4. 00

82-117
FAQS182

81-157 81-159 a2-2

FAOS171 FadSi7a Fagsi1723
59,12 7D i1# 4% .50
15.27 11.85 B
19 .88 4,09 4,88
019 0.0H 0.08
f.14 1.24 0,45
4.89 2.0%9 2,463
4,41 8, 7% Se12
0.04 0,37 0,93
L] Q.82 .57
0.132 Oed7 D.10
Q.00 Q.00 I T4
0.00 Q.00 0,00
102,40 97 B 738
0.00 0. 00 0. 00
50.00 a8.00 185,00
& 2000 L T 2E.00
124,00 LA7 .00 200,00
144,00 b1.00 53,00
0.00 4,00 20,00
34,00 37.00 41,00
4,00 4,00 &4 00
178.00 44,00 L5.00
23.00 .00 13.00
g2-449 22-69 82-G5
Fads177 FA0S178 FAOS17?9
£9.51 £4.84 4,55
13.74 14.32 13.79
S l7 7.4% 8.43
0,08 0.14 C.14
2,44 2.73 ool
0.83 2090 2440
3.+58 4,43 421
1,45 .50 0. 45
0.74 1407 0,88
0248 037 02
0,00 0.00 0,00
0,00 0,00 0,00
FE.12 28.7% P5.04
0,02 0.00 0,02
358.00 108.00 183,00
29,00 24,00 28,00
204,00 173,00 183,00
47,00 113.00 103,00
20.00 7.00 11.00
48,00 3R.00 37.00
&, 00 7.00 4,00
118,00 BO.00 I08.00
Q.00 0.00 7.00

a37.82
15,33
19432
0:18
4,75
2ila
4,71
0.47
1.3%9
0.29
G.00
0.00

Q.03
104.00
37,00
128.00
52,00
4. 00
34,00
4,00
104,00
4,00

&8.83
12.71
7.48
Q.07
2,07
Le73
540
0.10
.43
.18
D.00
0.00

0,01
43.00
24.00

197.00
av .00

0,00
41.00

3,00
73.00

Q.00

698



SAMF NO.--

LR
Sk
RE
HE

HI

SAHF NO.-Z

B2-136 B2-150 32-162 82-197
FADS1O3 FADS184 FAOS1ES FAOSIES
41.51 s 61.72 S0.74
14.07 11+57 13,97 14,52
8.2%9 4.13 P 10.28
0.11 0.0% 0.11 0.249
327 2.00 I.74 4,482
3.2 2424 2.80 1.11
4 .58 3.87% 4,835 4,10
0.12 0.22 0,73 0.30
1.55 0,93 | BiET 1.15
Q.27 0.23 0.2 0.26
0.00 Q.00 0L 00 .00
0. 00 Q.00 .00 Q.00
F7.00 FE.O04 ?7.24 e
0.01 0.901 G 02 0.02
132.00 41,00 260.00 27,00
30.00 25.00 35.00 28.00
132.00 1845.00 114.00 183.00
8%.00 &0,00 79.00 33400
1.00 0,00 8.00 4.00
31.00 3g.00 34,00 47,00
&4 Q0 2.00 0.00 4,00
P0.00 42 .00 82,00 184,00
0.00 0.00 0.00 .00
82-252 B2-253 21-1 81-50
FAQS1EY FAQS150 FAO3171 FADDLYZ
55.89 57.75 && .40 45420
15.37 15.38 13.30 14.2
Fab1 8.22 6.74 5.44
0.17 0.15 0.11 0.14
4,93 4,47 2.54 2.30
L£.1% $.37 1.32 4.24
S5.48 S+ 20 preba i d.47
0.352 0,71 0,31 0.15
1.10 1.15 0.7% 1.21
0.035 .08 0.2 0.24
0,00 0.00 0,00 0.00
.00 0.00 0.00 Q.00
29.31 ?8.88 726 k= P
0.02 0.02 0.00 .00
107.00 240.00 0.00 0.00
74.00 746,00 20.00 20.00
4,00 101.00 250.00 180,00
123.00 1&63.00 S0.00 20.00
7.00 13.00 10,00 10.00
24.00 25.00 0.00 0.00
0,00 2.00 0. 00 000
114.00 ?3.00 0,00 Q.00
32.00 31,00 Q.00 0,00

TABLE G.1

AMULET FORMATIDN: UFFER MEMBERF SILICIFIED

FLOWS

b e O

+

(=R L B e
L= I S S -4 SRR P o O (N N B

L= B e IR & B o Y o

0.01
15%.00
29.00
184.00
J4.00
7.00
39.00
& 00
113.400
0. 00

Bl-048
FAacdl93

a%.30
14,40
7.74
0.18
4.59
179
4,30
0. 30
1.24
0.31
0,00
0. 00

82-251
FAOS1ER

Al
ied
e

oo T T IO 2 T R ) ) U TR R

a s m & @ =
ot B T L) I e L N Y R 2

[ T i T s N (R B S

Lo B

FP.EZD

.01
158.00
700
100,00
#1.00
14.00
26.00

Q.00
126.00
40 .00

BC-28
FAO31%4

72.84
11.39
&4 78
0.10
2449
1,24
Fa 70
Q.37
0.75
0.31
90,00
0,00

L T

144,40
26.00
1.00
30,00
1.0¢0
1046.00
0. 00

6499



TABLE G.1 700

BC-29 BC-30 BC-31 BC-41 EH-1 BH-2
SAMFP NMO.=2 FAOS195 PAOS194 FAaO51e7 FADSIRE Fads5199 FAOSTO0
sIoz 4930 L&, 77 &7.08 T SRR i S
aL203 14,2 13.74 14,40 14.37 4,10 270
FE203 e 2.47 10,49 14.5B 1B s CA o AT
MHO 0 0.14 013 0.18 052 .07
HGO I.88 3.2% i .83 st 0.71
Cao 1.30 1.85 0.51 0,74 2,149 I.18
MAZ 4.460 1.0R .3 .23 325 4.81
KZ0 Q.20 Q.97 2am b Epr D.19 0.14
TIiO2 0.98 0.83 0,84 1S PN 0B 3
F205 0.40 0.4 0,34 Balé 0,29 0.13
CRZ03 0. 00 0,00 0.00 Q.00 000 Q.00
LOI 0. 00 0. 00 0. 00 0.00 0. 00 0,00
TOTAL 100,33 9,40 106,25 F8.17 7L 40 PR.ET
b1 Q.00 0.01 Q.01 000 0,01 0. 01
EA 47,00 224,00 L786.00 219.00 140,00 80,00
CR 2100 44,00 40,00 75.00 S.00 300
IR 183.00 182.00 1924.00 2200 233,00 67,00
SR 23.00 S59.00 .00 I Ty 90,00 143.00
FE 0.00 10,00 41,00 10.00 2.00 2.00
g 42.00 44,00 T5,00 23.00 43,00 40,00
HE 5.00 S.00 S.00 1.00 0.00 0.00
M 141,00 140,00 120,00 F&00 140,00 &0,00
M1 0.00 55.00 5.00 I9.00 0,00 0.00

83-21 B3-33 B3-35 53-37 23i-42 85-43
SAMF ND.=-> FAOS201 FaQszoz FaOs203 FaOs204 FAdS 205 FAOS 204
5102 55,80 57 .30 52.70 59.40 S58.50 5%.30
ALZ203 13.50 13,70 15.40 14.40 14,70 14.00
FE203 4.32 10.70 11.90 g8.791 B.B7 2 .30
HMO 0.13 20 .22 0,15 il B Lo B -3
HGO 1.86 2:52 4,28 L | 34079 G2
Cal 301 S 47 A 2.58 2,98 1.573
HAZO S.44 5.08 4,84 4.89 be14 4,37
k20 0.09 0.10 Bels 0.2 e Oy
Tip2 1.07 1.34 1:.93 1.50 1,55 1.41
FP205 0.23 0. 32 0,31 s 2 Q.37 33
CR203 .00 0.00 Q.00 0. 00 0.00 0.00
LOI 1.47 1.47 2.93 .00 1ot I.08
TOTAL ?8.94 F8.20 78.11 A ] 28.+36 22,03
5 Q.00 0.00 Q.00 J.00 0.00 0.00
Ba 0.00 0,00 0,00 0,00 Q.00 [e 3o Ta}
CE 20.00 20.00 20.00 20,00 40,00 10.00
IR 230,00 140,00 200.00 180.00 180.00 150,00
SE &0 .00 120.00 50,00 8000 40,00 10,00
RE £ 10,00 10,00 < 1G.00 10,00 . 10.00 < 10,00
Y 0. 00 0. 00 0.00 G.00 0.00 3.00
WE 0. 00 Q.00 Q.00 0,00 Q.00 Q.00
M 0,00 0,00 O.00 Q.0a 0,00 0.00

MI 0.0 Q.00 0. 00 0.00 0. 00 0. 00



TABLE G.1

AMULET FORMATION] UFFER HEMBERFT SILICIFIED FLOWS

e e e e e e S B B T e e e

53-47 53-74 83-75% 43-79 H3-H1 83=-589
SAHMP NO.-» PAOS207 Fa05208 FAOS207  FAOS210  FADSZ211 PAGSZ212
SI02 43.50 &7 .00 42,70 &4, 40 7h.00 1., G0
aLz2o3 13.40 13,40 1%2.30 14020 1 50 B
FEZ03 i 4,18 B8.1% o | 1,88 4500
HMO Q.12 0.08 D15 0.10 DL.Oo7 Q.07
HGD L T 1.14 2,34 1.50 0.53 0.4
Ccal 2.86 J.8BL I.94 PLE T 12 1.94
Ha20 5.39 iy q4.,4% 4,33 5.98 P
K20 0. 17 PR 0.23 0413 0450 1.24
TiO2 0.1 ik 1527 0.93 s g i
FZ0%5 v 24 b Qs 92 H.12 LV S
CR203 .00 Q.00 0,00 0,00 0,00 Q.00
LEI ?l?? 1!LJ :!16' 115‘3 &154 1+ED
TOTaL ¥8.98 F8.38 92,13 92.0B 100,32 ?8.41
g Q.00 000 OL00 Q.00 O.,00 [e s T4
Bé& 0.00 0400 0. 00 .00 0.00 0.00
CR 20,00 10.00 20,00 20,00 20,00 20.00
Zh 230.00 140,00 140.00 230.00 240,00 230.00
Sk A0 . 00 130.00 120.00 BO .00 A0, 00 &0 .00
RE 4 10.00 10,00 4 10,00 10,90 20,00 20.00
¥ Q.00 000 3L 00 0,00 0,00 Q.00
ME 0.00 0.00 Q.00 0.00 0,00 0. 00
I 000 0,00 0. 00 Q.00 000 G0
NI .00 .00 0,00 0,00 0,00 .00
53-90 83-94 83-101 53-103 a3-107 23-152
SaAMF NDO.=> FAa0s213 FROSZ214 FAROS21S FADSZ21& FROSZ217 FROSZLIE
S5IDO2 5520 60,2 320 &0 .80 97.40 44,40
ALZ203Z 15.20 13.40 13.40 13,80 14,30 14.00
FE203 8.47 B.4B8 .38 F.4% el 7450
HHD G.17 D.12 0,09 Q.15 W e 5] ek
HGO 2.06 2.14 3034 2.94 1.34 2. 04
Cad 7464 4,77 3+ 06 4,37 2 b 1.%4
Ha20 4,36 4,98 4,19 4,40 &L TR o A
k20 0.26 0.19 0,18 0.32 0.5 Q.34
TIoz2 1.41 1.7 1.351 1.3% 1.40 1.03
F205 4 L e 0.24 0.27 0.24 Q.28 0,31
CR203 0,00 Q.00 0,00 0400 0w Q0 Q.00
LOI J.04 2.54 oy 247 2.7 1.8%
TOTAL ?8.85 98.790 100.10 FT.461 F2,03 b L
5 0,00 0,00 O.00 3.00 G000 0.00
Ea 0,00 D00 .00 0.00 Q.00 0. 00
CR 10,00 20 .00 20.00 20.00 20.00 20.00
LR 150.00 140.00 1530.00 136.400 180,00 220,00
SR 140,00 120,00 100,00 170.00 BO .00 20,040
RE < 10.00 10.0¢ < 10.00 20.00 1%.00 £ 10,00
¥ 0,00 0,00 3. 00 0,00 Q,00 G.00
ME 0. 00 Q.90 Q.00 0.00 0.00 Q0,00
M 0,00 0. 00 0,00 0,00 Q.00 Q.00

MI 0,00 0.00 0,00 0.00 0.00 0.00



TABLE G.1
AMULET FORMATION: UFFPER WEMBERF SILICIFIED FLOWS

B Rl e

g§3-190
FACS230

E3-16%9 B3-171 H3-174 83-174 B3-176
SAMF NO., - FAOS217 FaGS220 PAGS2D Fads222 FPAHOS223
3102 &3 .40 42470 DA &0 A7 .20 ab. 10
ALZ203 14,20 14,460 15.30 14.00 11.920
FEZ203 T 0 &, 45 LT 5.49 L1198
HNO 0,10 0.12 .14 .09 g.28
HMGO 3.04 1.52 D+14 2+05 2wk
Cad 2. 47 A 294 1.5 (4
HaZ 4,88 5.2 5.05 L.42 Q.08
K20 010 0.321 0.22 0,79 el
TID2 110 110 1.1%9 0.72 Qa8
F205 L4 S 0.34 0,14 0,18 (T o
CR203 0,00 0.00 Q.00 0.00 eI e Ty
LOI Z2+l4 0.54 1.00 0,34 300
TOTAL 2,91 100.14 eg. 79 100,04 TE.52
= 0,00 0,00 0.00 Q.00 0.00
B P R 0.00 0,00 Q.00 .00
CR 20,00 10,00 40.00 10,00 16,00
S 210.00 210,00 120,00 230.00 240.00
SR 130,00 40,00 160,00 140.00 L 10.00
RE 10.00 10,00 0. 00 20,00 40,00
i 0. 00 Q.00 0.00 0. 00 Q0,00
MEB 0,00 O, 00 0,00 0,00 0.00
I 0. 00 0,00 0,00 .00 0,00
! 0,00 0.00 0,00 0,00 000

83-182 83-183 83-185 B3-146 53-189
SAMF NO.=2 FPAQDS22S FAQS22A FAME22Y Fads22g PAaQS227
SI02 &2.10 47+ 39 43.00 &4 .30 79,40
aLZ03 14,30 1330 14.20 12,30 13.30
FE203 B.032 5.84 8.11 10.90 .14
MM 017 0.2 0.97 w2k < 0,01
HGO 4,09 263 J:+61 4,13 O.1&
Cal 0.%1 1.14 1.48 0.28 0.2
Na20 4.93 4,473 3,90 0.02 0,65
k20 Q.32 1.47 0.41 1.3 2+%1
TI0Z 1.24 0.B2 1.01 0.79 0.74
F20% 0.30 0,22 0,248 2.21 O.14
CR2D3 Q.00 0,00 0.00 0.00 G000
LOI 2.47 1.3% 2+54 3.70 1.77
TOTAL ?8.84 TB.77 o9.49 °g.19 @70
S G, 00 0,00 000 0.00 Q.00
Ea .00 Q.00 Q.00 Q.09 0.00
CF 10.00 10.00 10,00 10.00 10,00
ik 210.00 220,00 210.00 220,00 2I0.00
Sk 20.00 50.00 &0.00 < 10.00 10.00
ER < 10,00 Z0.00 10,00 30,00 40.00
T O 00 Q.00 Q.00 0.00 0,00
NE 0,00 0,00 Q.00 Q.00 0.00
iM 0. 00 Q.00 0.00 0,00 0,00
NI 0.00 0,00 Q.00 Q.00 0.00



TABLE G.1

B i e i)

AMULET FORMATIOMF UFPER MEMBER: SILICIFIED FLOWS

83-191 §3-192 83-193 83-104 83-203  83-204
SAHF NO.-> Fads231 PAQS232 Fads2zz FaALS234 FPADDIES

25l FaoS2ia

s5102 b .60 S98.00 R, 6250 P ettt &0 &0

ALZ03 13,50 14.80 12.80 b 134290 14,008

FEZ03 7.09 10,70 E.57 10020 4.10 10,40

HNO 0,132 0,34 041 0,14 0.04 i L)

HMGO 2.09 5,04 4.57 S ek LN e

Cal 1.80 G.25 0,30 1.34 .85 242

WAZD S5.462 s 0,10 1,59 B 1LA4

K20 0.264 3:15 1.81 1 d e 0,33 0,13

TI02 0.77 0,77 0,81 1.17 5 1]

F205 0,21 0.18 0,21 0,34 G.13 030

CR203 0.00 0. 00 OG0 0.00 G040 0. 00

LOT 1.39 4,08 1,70 20 Ll .85

TOTAL FF. A8 ?%.70 98,48 F¢.18 2T, 75 B9, 47

= 0,00 0,00 Q.00 0.00 0.00 0,00

BA .00 0,00 0.00 000 Q.00 G000

CR 10.00 10.00 10.00 20,00 20,00 20,00

2k 230.00 I70.00 240,00 190,00 280.00 210.00

SR S50.00 < 10,00 10.00 10,00 20.00 10,00

RE 10.00 0,00 40 .00 30,00 10.00 10,00

¥ 0.00 GO0 Q.00 O, 00 .00 0,00

HE 0.00 0.00 0,00 0,00 Q.00 0.00

| O.00 0. 00 0.00 0,00 0.00 Q.00

NI .00 0,00 0.00 0,00 0,00 Q.00
83-208 R3-253 23-254 23-256 83-258

SAHFP NO.-> FAQS237 FAOSZ3S Faosz3 FAOSZA0 Fals241

5102 &2 .30 &0.10 59.70 S54.80 ?3.40

AL203 14,30 Sh. e 15.00 15.50 11470

FE203 B.&51 & T Si73 F.78 L i

HHO 0+15 Q.13 Q.10 0,18 Q.07

MEGO I.85 4.70 - | 5.54 1.47

cal 2.28 4,94 4.75 S5.95 2.31

M& 20 4,49 4,85 &.15 Z.682 4,97

k20 0.43 Q.29 0,24 0,08 0. 16

TiD2 1.24% 1.02 1.14 1.14 0.83

F205 0.25 0415 Q.14 0,17 0,13

CR?03 0.00 0.00 0,00 0,00 .00

LOI 2,14 el 1.70 3.00 1.40

TOTAL 100.08 79,94 28 .85 98,97 9,43

5 .00 0,00 Q.00 G.00 8.00

Ed& 0,00 0.00 0,00 0.00 0.00

CR 10.00 30.00 I0.00 40,00 20,00

ZR 200.00 150,00 150,00 150.00 140.00

=1 40,00 170,00 170,00 2%0.00 130.00

RE 20,00 a6, 00 « 10,00 10.00 10.00

¥ 0. 00 o, 00 Q.00 000 O.00

NEB 0,00 0,00 Q.00 000 0.00

M 0. 00 0,00 G.00 Q.00 6. 00

MI 0.00 Q.00 .00 .00 Q.00
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TABLE G.1

DIORITE-GABBERO INTRUSIONS

SAMP I-82-2 I-82-10 I=g2~171 T=g2=-310
510 50.12 51 .27 47.22 50.01
Al:0; 12.90 14.99 15, B 14.83
Fe;03 14.38 11.36 11.54 10.82
Mno 0.26 0.20 0.18 .19
Mgo BBl 6.76 8.06 7.56
Cao 10.28 10.77 11.66 1l.63
Na;0 215 2.40 1.67 1.52
K0 0.14 0.26 0.09 0.57
Ti0; L.d5 TR B 0.84 0.83
Py0c 0.0 0.0 0.0 0.0
CRZ203

ILo.I.

TOTAL 97.18 98.80 96.92 98.17
S 0.03 0.02 0.02 0.03
BA PPM 33. 65. 4. B3.
CR 109 . 46. 275, Z2BE

ZR 72. 41. 24. 36.
SR 81. 117. 120. ¥
RB 0. 0. 0. 8.

Y 27. 23. 18. 20.
NB 0. 0. 0. u.
ZN 82. 83. 87. 61

NI 40. 44, 115. 49,



TABLE .1

DIORITE- GABBRO INTRUSTIONGS

SAMP I-82-31 I-8243 I-82-13
310, 51,21 58.73 16.72
Al;0; Ta 2T 14 .96 15.87
Fe:0q 13 B 9.139 13.85
Mno 0.22 0,16 0,22
Mg 5.94 3.64 8.60
Cao 2 B i) g.02
Nas0 2.05 1.25 1, @3
K,0 1.12 1.55 2.24
TiO; 0.86 1.25 1.24
P05 0.0 0.38 0.04
CR2013

LO.I.

TOTAL 98.01 96.17 98.40
5 0.04 0.00 0.04
BA PPM 315 642 . T
CR 51. e b £ 262,
ZR AT T 19.
SR 139. 95. 100.
RB 29, £ 58 .

5 5 ¥ o0
NB 0. & . 2
ZN P, 163. 84 .

NI 38, 0. 131



TABLE G.2.

FRECISION OF

UNIVERSITY OF OTTAWA

(WE. %)

(PPM)

¥RF ANALYSES
CONCENTRATION RANGE
0.1-1.0 0.1-2.0 1.0-3.0
EILEMENT
510,
Al.0, +10(%) +/=1.5
Fe.0,T +/= 5
MgO +/=25
cao +/= 5
NA,O +/=15 +/= 3
K0 +/=- 5
TiO. +/= 2 +/= 1
ong +'J.J'{-1D +,.""— 1
Mno +/=-10
s +/-10
CONCENTRATION RANGE
10 T—
EBa +/= 10% +/- 50%
o +/- 10% +/- 50%
ar +/= 10% +/= 50%
Sr +/= 10% /= B0
Rb +/= 10% +/= 50%
Y +/- 10% +/= 50%
Nb +/- 10% +/= 50%
Zn +/- 10% +/- 50%
NI +/= 10% Fif= 50%
Cu +/- 10% +/~ 50%
Pb +/- 10% +/- 50%
v +/= 10% +/- 50%

1.0-20
o et B’
+4 =2

1o
e
= b e |

+/=
+ /=
=
S i
+ /-
+/ =
ol -
+/=
5
o
e

50 =100

+/= 1.0

=30

30%
30%
30%
30%
30%
30%
30%
30%
30%
30%
30%
30%

T



TABLE G.3. ANALYSES OF DUPLICATE FUSED PELLETS

81-121 DUPL. g1=197 CUPL. 83-21 [UEL,
WH. %
SI0; £5.92 55.76 71.24 72,27 65.8 65,4
Al.04 14.87 14.93 12.36 12.49 Tkl 13.4
Fe;0; 11.93 L1205 3.71 3.79 6.32 6,39
MgO 3.43 357 1.81 1.79 1.86 1.58
Cao B2 5.11 2.93 2.94 3.01 3.10
Na.0 4.69 4.69 5.04 5.01 5.46 2,35
0 0.07 0.07 0.29 0.29 0.09 0.09
TiO; 1.55 15 0.64 0.64 1.07 1.09
EB.08 Q.18 0.18 0.18 0.15 0.23 0.23
Mno 0.286 0.26 g.11 0.11 0.13 0.16
S 0.02 0.01 0.0 0.0 =
L.O.T. 1.47 1.42
PFM
Ba 38 14 88 105 = =
cr 39 44 23 25 20 25
&r 98 95 198 202 230 215
5r 74 75 33 3z 60 74
Eb 0 9] 4] o <10 <10
Y 29 30 44 46 = =
Nb 2 4 5 4 = =
in 234 240 79 a3 = =
Ni 0 12 1 o = =

Bl-121 and 81-123 - UNIVERSITY OF OTTAWA

83-21 - XRAL



510
11253

cag

5i0
Al.0g
a-Ta]

Mg

Ha,0
K,D

Fe 0
Mnd
Tig
PO

175

Cr,0

NOTE:

TABLE G.4A

WHOLE ROCK AMALYSIS - % MAJORS & MINORS - XRF - PW 1600 - REFFREH

CE STRNDARDS

MRG-1 5¥=-2

s

g-2 KBS-lc* HNES-97a HuBS-9%a  BX-¥ G5=H HIM=D HTM-y
38.9 £0.0 68.8 7.24 $3.2 £5.1 7.44 £5.9 1.3 g 3
i 3 7 : . L 5id
(39.32] (60.10) (63.22) (G.d4} (43.67) (85.2) [7.39) (65.98] (33.98) (52.64) ae
B.41 12,1 15.4 1.40 18.7 20.7 4.0 14.8 a.258 1
- & “ ¢ i . 163 2

(8.50)  (12.12) (15.40) (1.30)  (38.79) (20.5) (54.53)  (14.71)  {8.33) (16.50) e
l4.8 g.01 1.95 50.5 a.10 2.15% 0.16 2.58 0.27 s £ W
(14.7T) [T.98) {1.96) [50.1) {0.11) {2.14) {0.1M {Z.51}) (0.28) [11:50: SR
13.4 2.68 0,72 0.40 0.17 0,01 0.1l 2.28 43.1 T.24 MoC
(13.49) (.70 (0.75]  (D.42) {0.15) {9.02)  (0.11) (2,31} {43.51) (7.50) :

0.71 4.31 4.10 a.00 0.04 £.31 0,04 1.84 0.06 2.29 Ma.a
{9.71) {4.34) (4.06) (0.02) (0.037) (6.2} (0.06) {3.78) (0.042} (2.48)

0.18 4.50 4.40 0.27 0.52 £, 28 0.06 4.E8 0.04 0.24 ®.0
{0.18}) {4.48) (4.46) (0.28) {0.50] {5.2) {(0.07) (d.64) 10.012) (0.25) 2
17.7 6.20 2,74 0.65 .45 0. 08 231.3 3.70 16.5 .84 Fe.0.

{17.82) {6.28] (2.6%) (0.55) {0.45] {0.065) [21.27) (3.76) (16.9%8) (8.91) "

0.16 a.32 0.02 0.0l 0.00 a.00 0,04 0.05 Q.23 0.18 MnD
(8.17}) {0.32) (0.03)  (0.025) (=1 (=) (0.05) (0.056) (0.22) (0.18)

3.65 0.14 0.50 0.07 1.88 o.02 2,35 0.66 0.983 0.19 Ti0,
(3,69) (0.14) (0.48) (0.07) (1.80) (0.007) (2.41) (0.58) {0.02) (0.20)

0.06 .42 N.13 0.04 4.35 .02 0.13 a.27 g.01 0.02 PO,
(0.08) (0.43) (0.13) (0.04}) (0.38) f0.02} (0.13}) {0.28) §0.022}  (0.03) #

0.06 0. 00 9,00 0.00 0.03 .00 0.04 a.01 0,440 0.0l  er.o,
[0.07) (0.002) {9.00) {-) {0.03) =} (0.04}) {0.01}) (0.42) {0.005) 0
HOTE: ( )} are usable wvalues as per Sydney Abbey, 1972 - (=) {ndicates no values available,

This represents only pact of the group of 50 reference materials used for calibrating

the simultancous spoctrometer.

* { ) values are certified NBS values.

INSTRUMENT STABILITY

{10 replicate analyses)

Mean (%)
39.5
2.92
l.20
4.8
0.13
0.02
.52
0.13
0.12
.04

7.33

Mean 13

sD(Y)
0.06
0.01
0.005
0.08
0.01
0.00%
0.015
0.00
0.003
0.00

0.001

Mean (%)

E5.1

che arithmetic mean

gp is standard deviation

SD(Y)
0.07
a.
0.005
0.005
0.03
.92
¢.005

0.00

.00

Ochers are avairlable en request.

SAMPLE PREPARATION REPRODUCIDILITY

(42 replicate analyses]

Mean {1}
80.7
B.21

5DIY)
0.25
a.0=
0.005
0.02
0.0l
0.0l
.03
0.005

0.00%

.00

Mezn (%)
5

13.0

.06

0.005

02
.0l
.03
003
0.005

.00

5io

hlzﬂa

Cag



sr

irc

5r
ir

Ba

NOTE:

TABLE G.48

WHOLE ROCK AMALYSIS - oom TRACES - XFF - PW

1600 - RETERENCE STANDARDS ‘
MEG=1 8¥=2 £Y-3 G-2 Miza Fa Mica Mg GS-H HIM-G HIM=L HIM-5
<10 10 200 170 2240 L2590 180 110 1940 430 Bh
{8} (2200 (208} [L70) (2200) (L3007} [1302) L3200 (120} (5309
220 260 100 510 <10 20 640 <140 4500 &0 5r
(2640) (275) {106} {4E0} (5] {25%) [(5707) (1o (4600) (62)
10 140 730 20 40 10 10 160 10 <10 ¥
(167) (130] (740} (11} [257] (=} (=) {145} {257} (32}
oo 2840 40 320 3049 10 230 280 12400 10 ir
{105} (280) [320] (300} {83007} (207} [2407%) {300) (11200) {3317)
30 1o 120 10 3oo 1309 10 60 1000 <10 Nb
{207} (232} (130) {1312} {27072} {1207} [=} (537) [BED) {3.572)
100 420 kL] 1900 190 3800 1350 100 500 2350 3z
[5O7) [460) {430} {1900} {La%} (4000%2) (L4007} [1207) (450) [2402)
NOTE : { 1 are usable wvalues as per Svdnesy Abbey, 197% - (-} indicates no values available
‘ This represents only part of =he grougp of 50 reference materials used for calibrating
the simultanecus spectrometer. Others are available on reguest.
THSTRUMENT STABILITY SAMPLE PREPARATICH REPRODUCIBILITY
{10 replicate analyses) {42 replicate analyses)
Mean{ppm] SDippm) Mean{opm) SD{ppm) Mean (ppm) SDippm) Heanipom) SO{pomi
2.0 14d 2449 Lo g 1a 210 29 1]
260 14 41400 40 <10 10 340 10 sr
1lig 10 50 10 P 10 590 Py T
280 10 11500 40 60 10 280 10 Ay
10 10 980 20 0 10 270 Zo Kb
420 20 520 20 660 10 1200 40 Ba

Mean iz the arithmetic mean
5D is standard deviatcion

Qe



Wt.%
510
A1-0;
Fes04
MgO
cad
Na-0
K-0
TiO,
P,0s
Mno

LI.C.

PPM
Ba
Cr
Zr
Sr

Nb
Zn
NI

TABLE G.5 COMPARATIVE ANALYSES: UNIVERSITY OF OTTAWA

&
65.54
14.90

7.45
270
3.13
5.23
0.39
0.986
0.43
0.18
0.0

a1
e
167
44

399

i B e

63.6
14.5
7.30
2.14
3.20
5.48
0.41
Q.98
0.32
0.19

0.39

20
200

AND XERAL

g2-98
A B
74.81 T35
12.15 12.2
4.24 4.15
1.35 1.51
0.25 0.30
5.49 B3
0.08 0.09
0.38 0.41
0.02 o.07
0.03 0.03

0.01 -
- 1.39

51 i
21 20
301 370
25 =10
0 <10

103 -

11 -

g- (e}

D L

e e s
Ln
L

38
39
98
74

29

234

A - UNIVERSITY OF OTTAWA ANALYSIS

B - XERAL ANALY¥SIS

82

i P

110

i



TABLES G.6 and 7

Trace element data for Mine Sequence flows are presented in Table G.6.
Samples were analyzed at Memorial University, NFLD, using a pressed pellet XRF
technique. All elements are reported in ppm except Ti, which is in weight percent,
One sample was analyzed with duplicate pellets to check for homogeneity of the
powder. The duplicate analyses in Table G.7, compare well and are in the range
of variation of replicare analvses of the standards.

Analyses of Pb, Th, U, Rl and Nb are not accurate under 5 ppm; the remaining

elements have "decreasing accuracy” under 15 ppm.
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TABLE G.7. ANALYSES OF DUPLICATE PRESSED PELLETS

MEMORIAL UNIVERSITY, NFLD.

82-254 82-254 (Duplicate
(Pellet)

FEM

Fb a 3
Th 3 5
U 0 G
Eb 5 &
Sr 56 58
Y 42 44
ir 193 199
Nb 11 ] EaE
7n 76 80
Cu 0 0
Hi 4] 0
La 20 13
Ba 84 73
Ti(Wt.%) 1 .07 1.06
v 26 25
Ce 36 il
Cr O 0

Ga 15 18



