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Copper Creck area, Skarn formation at the Mason Valley mine occurred at a depth of 2,000 m on the
8. outer fringe of a contact metasomatic aurcole related to a Jurassic granodiorite to quartz

monzonite hatholith, The skarn is Jocated in Upper Triassic limestone at the contact
with a stratigraphically lower tuff unit and is systematically zoned relative to this con-
tact. The general zonal sequence toward marble is: garnet, garnet-pyroxene-sulfides,
pyroxene-sulfides, tremolite-magnetite-calcite, talc-magnetite-calcite, and dolomite-calcite.
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The zones migrated outward with time.

Electron microprobe data indicate that garnets and pyroxenes in the barren garnet
footwall zone have compositions similar to the districtwide early metasomatic hornfelses
and are represented by low-iron diopsides and intermediate grandites. Pure andradite,
as overgrowths and in cross-cutting veins, becomes more abundant as the hanging-wall
skarn is approached. Both garnets and pyroxenes shift abruptly to higher iron contents
in the hanging-wall skarn which formed at the contact between the early garnet zone
and dolomitized limestone. Garnets maintain a constant lower limit of 55 mole percent
andradite and are zoned to pure andradite. Later garnets, contemporaneous with chal-
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copyrite deposition, ‘consist of pure andradite. The iron content of pyroxene increases
gradually and systematically toward the marble contact, from an average value of 30
mole percent hedenbergite in the inner garnet-pyroxene zone to 50 mole percent
hedenbergite in pyroxene vein centers on the marble contact, and then drops abruptly to
15 mole percent hedenbergite in vein envelopes. Two generations of amphibole are
represented by: (1) early tremolite (0 to 10 mole percent ferrotremolite) associated
with magnetite-calcite in outermost vein envelopes in marble; and (2) actinolite which
contains the same Fe/Mg ratio as associated pyroxene and is contemporaneous with
chalcopyrite deposition in the pyroxene and garnet-pyroxene zones.

The initial silication process, as represented by zoned veins at the marble contact, may
be attributed to isothermal metasomatic diffusion of Ca, Mg, and Si, with X¢g, decreasing
toward the vein centers, The abrupt appearance of new minerals coincides with the
attainment of appropriate chemical potential values through metasomatisn, rather than
the crossing of isobaric univariant T-X¢o, equilibria. Bulk composition gradients are
extreme and are reflected in the rapid increase in iron content of tremolite and diopside
over a few centimeters from vein envelope to vein center.

Within the main skarn zone, which formed at higher temperature and/or lower Xcq..
bulk composition gradients are less extreme, and phase-composition trends are opposite
to those that would be predicted by a simple isothermal diffusion model. The gradual
inward decrease in the iron content of salite within skarn zones of relatively constant
bulk composition may have been controlled in part by continuous Fe-Mg reactions.

Comparison with phase-composition data irom similar zoned skarns indicates that
variation of phase compositions within zones is a characteristic phenomenon, but that
zonal composition trends in some cases are opposite to those established here.

ihe geology and min-
Soc. Korea Jour, V.

its zonal and paragenetic features are relatively un-
ambiguous and simple. The skarn is well exposed
and formed within a small volume of chemically
homogeneous host rock during a single hydrothermal
episode, much as a zoned alteration envelope on a
vein.

Introduction

Tiere is a singular lack of investigations aimed
specifically at quantifying the zoning, paragenesis,
and compositions of silicates associated with copper-
bearing skarns. The present paper supplies data and
discussion hearing on this problem with emphasis on

r:t-l(l relations and chemical composition of coexist-
Ing garnet, pyroxene, and amphibole.

~ The Mason Valley mine (MV'M) is ideally suited
for study of these aspects of skarn geology hecause
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The MVM is located in the Yerington district,
Lvon County, Nevada, 2.5 km west of Mason. Tt
is a small copper-bearing skarn deposit formed by
metasomatic replacement of Triassic limestone on the
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outer fringe of a contact aurcole related to the Yering-
ton batholith of Jurassic age. The MVM yielded an
estimated 1.5 million tons of 2.5 to 3.0 percent copper
ore in the years 1912 to 1935. It was developed
principally by two adits, the 300 and 400, to a depth
of 175 m below the outcrop. Numerous under-
ground workings expose the skarn zone.

The surface in the vicinity of the MVM was
mapped on the scale 1 in.= 400 ft. The 300 and
400 mine levels were mapped on the scale 1 in. =
40 ft. Normal mapping procedures for rock types,
faults, and mineralization were used, and detailed
visual estimates were made of percent garnet, pyrox-
ene, calcite, chalcopyrite, and pyrite. Particular atten-
tion was paid to textures and cross-cutting vein rela-
tions. Channel samples were taken after mapping was
completed and were used to determine the bulk
chemical and modal composition of the various min-
eral zones. Mineral relations were studied in 50 thin
sections, and numerous samples were studied by X-
ray diffraction. The composition of garnets, pyrox-
enes, and amphiboles from selected assemblages in
nine polished thin sections were determined by elec-
tron microprobe analysis.

District Setting

The Yerington district is located 80 km east of
the Sierra Nevada batholith in the western Great
Basin province within a belt of Jurassic intrusives.
One of these intrusives, the Yerington batholith, oc-
cupies much of the northern end of the Singatse
Range. Strongly folded and faulted volcanic and
sedimentary rocks form an east-west-trending sep-
tum & km long and up to 3 km wide between the
Yerington batholith and a southern batholith. These
rocks are metamorphosed and locally metasomatized
and are part of a thick sequence of lower Mesozoic
eugeosynclinal rocks forming a broad belt through
western Nevada. A total thickness of about 3,000 m
is exposed in the Singatse Range.

Sedimentary and intrusive rocks

The lower one-half of the lower Mesozoic section
is composed of metamorphosed andesite and rhyolite
flows, breccias, and sediments. A Rb-Sr isochron
age of about 215 m.y., probably Middle Triassic, has
been obtained from these rocks (Proffett, Livingston,
and Einaudi, in prep.). The upper portion of the
section is Late Triassic and Early to Middle(?)
Jurassic. Mappable units 50 to 250 m thick consist
of massive limestones, thin-bedded black calcareous
shales, silicic volcanic sediments and flows, gypsum,
and quartzite, Limestone beds constitute the host
rock for numerous small copper-bearing skarns lo-
cated on the outer fringe of a contact metasomatic
aureole extending 600 to 1,800 m from the Yerington
batholith.

The Yerington batholith is formed from an in-
trusive sequence initiated by the emplacement of a

major volume of granodiorite, followed by moderate
amounts of quartz monzonite, and terminated by the
formation of porphyry copper deposits associated
with quartz monzonite porphyry dike swarms within |
its central portion. Pyritic quartz monzonite por- |
phyry dikes occur throughout the batholith in vary- |
ing density, but only a few are found south of the
main contact within the septum of Triassic sedi- |
mentary and volcanic rocks.

Contact aurcole

A detailed description and discussion of contact |
metamorphism and metasomatism of Triassic rocks
in the Yerington district will be presented elsewhere, -
Only a brief discussion is given here to set the con-
text for the MVM skarn, The distribution of meta-
somatic rocks and the zoning of mineral assemblages
indicate that the Yerington batholith, rather than the
southern batholith, is responsible for these effects.
Metasomatism occurred in two episodes, as first docu-
mented by Knopf (1918). An early stage produced
garnet-pyroxene hornfelses near the batholith con- §
tact and recrystallization to hornblende hornfels
facies rocks farther out. Garnets in the metasomatic
hornfelses belong to the grossularite-andradite series
and range from 24 to 68 mole percent andradite. The |
pyroxenes belong to the diopside-hedenbergite series
and range in composition from 0 to 15 mole percent
hedenbergite.

Brecciation of these early hornfelses was followed
by formation of more iron rich garnets without py-
roxene, locally accompanied by pink clinozoisite near
the intrusive, and by the formation of andradite-
salite skarns on the fringe of the metasomatic aureole
in dolomitized marbles. Six skarn deposits are located
in the Triassic septum west of Mason. Two of these,
the Douglas Hill and Bluestone deposits, are located
relatively close to the intrusive contact within the
zone of early garnet-pyroxene hornfelses. Both are
characterized by: (1) relatively low total sulfides,
generally less than 5 volume percent; (2) relatively
high chalcopyrite/pyrite ratios, generally greater
than 10; (3) absence of magnetite or hematite; (4)
a gangue dominated by andradite, with minor epi-
dote at the Bluestone mine; (5) strong brecciation.

In a fringe position relative to the andradite-chal-
copyrite skarns are the remaining four producers:
Mason Valley, Western Nevada, Casting Copper,
and McConnell mines, listed in order of decreasing
production.  All four formed in dolomitized marble
on the fringe of the early hornfelses, 1,000 to 2,000
m from the batholith contact. These fringe skarns
are characterized by: (1) relatively high total sul-
fides, in the range 10 to 25 volume percent; (2)
very low chalcopyrite/pyrite ratios, generally lower
than 1; (3) presence of trace quantities of magnetite
on the marble contact; (4) a gangue dominated by
coarse, bladed salite and andradite; (5) little or r
evidence of brecciation.
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fault traces is due to topography.
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Surface oe . . . i P
irface geologic map of the vicinity of the Mason Valley mine.  Irregularity of flat
Insert shows location of Yerington district i!l-\\'t‘blt';'ll
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Ti1c. 2. a. East-west cross section,
and skarn. East-dipping faults are shown as
gested by the lack of offsets of the surface trace

b. North-south cross section, looking west,
ckarn. The Dasalt and Malachite faults may joi
Locations of cross sections are shown in Figure 1.

Cenozolc structure and depth of formation

Subsequent to the emplacement of the Jurassic
hatholiths and the formation of the contact aureole
and its associated ore-hearing skarns, there ensued a
of erosion during at least part of the
Cretaceous and the early Tertiary. The resulting
erosion surface was covered during late Oligocene 1o
early Miocene time by a thick sequence of rhyolitic to
dacitic ignimbrites and andesitic flows and Dbreccias
(Proffett and Proffett, 1976). Basin and range nor-
mal faulting commenced during the final phases of
this volcanic activity in Aliocene time, Faulting,
accompanied by westward tilting, occurred on east-
ward-dipping, concave upward, normal faults. An
averace tilt of at least 70° west has been documented

All Mesozoic rocks
to the west (Proffett,

long period

for the Tertiary ignimbrites.
are likewise tilted at least 70°
1909, 1972).

looking north, drawn at right

cut by
of the latter.

angle to the sirike of hedding
the flat Malachite fault, @ relation sug-

drawn parallel to the strike of bedding and
n at depth to form & single s]mrm—shzmcd fault.

consists of re-

The present suriace. therefore,
sections, The

peated, tault-controlled partial cross
fault Dlock containing the MV does not include
the lower Tertiary erosion  surface. Although a
direct measurement of depth below this surface is
not possible, a structural reconstruction of the
Jurassic configuration of the contact aureole indicates
that the MV AL was located 1,700 m below the lower
Tertiary surface. This figure represents a minimun
depth of formation.

The depth of erosion over the top of the MVM
during Cretaceous and early Tertiary time is esti-
mated at 500 m or greater. This figure represents the
500 m of volcanic rocks,

removal of a minimum of

which may e extrusive equivalents of the Yerington
hatholith and which are preserved below the lower
Tertiary surface in the Buckskin range, 10 km north-
west of the MM ( Proffett, 1904).

[ecent mapping]
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Tanre 1. Chemical and Modal Composition of Fresh and Altered Rocks, Mason Valley Mine
MVDM-4

Sample no. I-12 F-11 MVM-3  MVM-2  Gar-pyx  MVM-I MVNM-5 F-10

Rock type Marble Dolomite Pyx Pyx-gar Ore Garnet Gar-epid Tuff
S0, 0.87 1.84 37.90 31.35 29.61 35.83 39.06 48.10
Ti0: 0.00 0.00 0.05 0.00 0,00 0.04 0.61 1.24
AlLO: 1.91 341 2.38 2.97 2.80 4.50 14.16 29.08
Fea0s (1ot Fe) 0.00 0.00 24.12 27.07 26.88 21.76 12.22 11.75
AMeQ 0.70 11.64 7.10 4.53 2.57 1,95 3.32 0.24
AMnO 0.01 0.02 0.13 0.10 0.18 0.08 0.17 0.01
a0 52.54 41.02 20.58 23.22 23.60 30.91 28.06 1.05
N0 0.18 0.41 0.38 0.45 (.35 0.33 0.49 1.32
.0 0.07 0.11 0.00 0.00 0.00 0.00 0.11 1.98
Cu NA NA 0.05 0.15 2.25 0.24 0.02 NA
S 0.006 0.006 10.08 13.28 10.31 1.41 0.053 0.043
Dr 213 2.76 3.15 3.10 3.06 3.03 2.67 2.96
I'm 2.69 2.76 3.54 3.72 3.87 3.46 3.34 2.95
Calcite 94 44 3 6 5 8 5 2
Quartz Tr — 4 — O 6 3 20
Dolomite —_ 54 i - - o o
I’yroxene — — 55 50 10 5 15 I'r
Amphibole Tr — 7 8 5 6 8 —
Garnet — — 5 10 52 68 40 —
Plagioclase =3 — — — — 3 — Tr
Epidote — — = — —_ — 10 —
Andalusite — . _—_— e - s _ 34
Chlorite Tr — e — 4 10 10
Muscovite — Tr — —_ — —_ 5 —
Biotite — — — — — — - 25
Montmorillonite — = [ 2 2 -y 1 .
Magnetite —_ - Tr e - _ . 8
Pyrite e — 20 25 15 2.5 Tr —
Chalcopyrite — — Tr 0.3 5 0.5 — —

Oxides in weight percent, minerals in volume percent. Tr =
Major elements, except Na and Mg, were determined by X-rayv fluorescence; Na, Mg, and Cu

density; NA = not analyzed.

by atomic absorption; S by a LECO induction furnace technique.

trace. Dr = measured rock density; Dm = measured mineral

Mineral percentages based on combined estimates from

thin sections, bulk N-ray diffraction, and computation from chemical analyses.

I D AL Heatwole shows that these voleanic rocks
rest upon early Mesozoie sedimentary rocks equiva-
fent to those immediately below the lower Tertiary
surface near the M\'M, The depth of formation of
the MV'M is therefore on the order of 2,200 m,
equivalent to 600 bars lithostatic pressure.

Skarn Geology and Petrology
Sedimentary rocks

Rocks exposed in the vieinity of the MM consist
largely of Upper Triassic limestones and volcani-
clastic rocks, which are correlative with part of the
Oreana Peak Formation of the southern Pine Nut
Range (Noble, 1962). These sedimentary rocks
have a northerly strike and dip steeply west. Basin
and range normal faulting has resulted in a complex
outcrop pattern (Fig. 1).

Two sedimentary units are important at the MV :
a dacitic to andesitic tuff unit and a stratigraphically
higher, thick-bedded limestone unit.

Tuff unit: The tuff unit is 60 to 150 m thick. Its
base consists of interbedded arkosic sandstone, and
tuffaceous argillite, 0 to 15 m thick.  Andesitic to
dacitic tuffs overlie the quartz-hearing elastics. South

of the Malachite fault, where the rocks have suffered
little or no metasomatism, these are medium-hedded,
dark-greenish to black, fine-grained hornfelses con-
taining lithic fragments up to several centimeters in
The fragments are flattened parallel to bedding
and the tuffaceons groundmass consists of a meta-

size.

morphic aggregate of quartz. muscovite, chlorite, and
magnetite.  Andalusite may also he present associ-
ated with quartz, biotite, and magnetite. A chemical
and mineral analyvsis of the tuff breccia is presented
in Table 1 (No. F-10).

Limestone unit: The massive limestone unit is
240 to 270 m thick. The top of the unit is marked by
The

of massive,

a gradation to thin-bedded shaly limestone.
bulk of the
medium- to coarse-grained, gray to white calcite
marble with little evidence of bedding. The marble
is composed of a mosaic of interlocking calcite grains;

limestone  unit consists

(uartz is absent or is present only in trace quantities,
and white tremolite or small flakes of pale chlorite
are locally present.  The chemical analysis presented
in Table T (No. IF-12) confirms the low quartz con-
tent and the absence of dolomite,
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Irregular patches, several meters across, of bufl-
weathering dolomitic marble oceur within the mas-
sive limestone unit and exhibit some degree of struc-
tural control. - They often cross-cut bedding and are
probably of metasomatic rather than diagenetic origin.
The dolomite content is extremely variable and
rarcly exceeds 60 percent. Sparse amounts of tale,
chlorite, white mica, and pyrilc may be present, and
quartz 1s absent. A chemical and mineral analysis
of a bulk sample collected 60 m north of the MVM
outerop s presented in Table 1 (sample F-11).

Tyncous rocks

Intrusive igneous rocks exposed near the MVM
helong to the Yerington batholith of Jurassic age.
The intrusive contact of the batholith with the Trias-
<e rocks is hidden under the Singatse fault north of
the MVDM.  This contact 1s exposed in other fault
blocks to the west, however, and a structural recon-
struction suggests that the MV M was situated about
900 m south of the main contact.

The east-west strike of the intrusive contact within
the tilted fault blocks, and its general east-west align-
ment between fault blocks across the range, indicate
that its pretilt attitude was nearly vertical, and east-
west striking,  The contact zone is highly irregular
in detail and consists of abundant granodiorite apo-
physes within a zone averaging 300 m in width.

Granodiorite:  Granodiorite is exposed north of
the MV'M, in the area of the 300 and 400 level adits
(Fig. 1). It is separated from the Triassic rocks
by the Singatse fault, which is an east-dipping, spoon-
shaped, normal fault with 4,000 m of displacement
in an easterly direction (Proffett, 1972). The
granadiorite presently exposed in its hanging wall at
the MV'M was just northeast of the M\'M and very
close to the lower Tertiary surface before faulting
and tilting.  The granodiorite wedge is bounded on
the north by the southern portion of another spoon-
shaped fault, the M\'M fault (Figs. 1 and 2).

The granodiorite is fine to medium grained, equi-
granular, with 40 to 50 percent plagioclase, 20 per-
cent alkali feldspar, 10 to 15 percent quartz, and 10
to 20 percent mafic minerals, largely hornblende with
lesser pyroxene and biotite.  Accessories include 2 to
4 percent magnetite, 1 to 1.5 percent sphene, and a
trace of apatite and zircon., Local chlorite and
epidote replace plagioclase and mafic minerals, and
lh_iS type of alteration is generally accompanied by
mmnor ]')_\'rlt(‘.

Quartz monszonite porphyry: Dikes of quartz
Monzonite porphyry cut the Triassic rocks in the
vicinity of the MV'M (Figs. 1 and 2). . They strike
N 50°-80° W and dip moderately to the northeast.
The porphyry contains phenoerysts of plagioclase,
alkali feldspar, quartz, hornblende, and subordinate

MASON VALLEY MINE SKAKN, NEFADA 775

biotite set ina fine aplitic or aphanitic groundmass of
quartz and alkali feldspar,  They are similar in gen-
eral appearance and mineralogy 1o the porphyry
dikes which cut the granodiorite batholith and are
undoubtedly of the same age. The porphyry dikes
have neghigible contact effects and appear to postdate
skarn formation,

Zoning, morphology, and structure

The MVM skarn formed largely in Jimestone at
the tufl contact (Figs. 1 and 2). The outerop ex-
tends along this contact for 600 m, with an average
width of 45 m in the northern one-half and 0 to 15 m
in the south. It dips 70° west, parallel to hedding.

The skarn consists of two distinet elements of ap-
proximately equal widths (Figs. 3 to 5). The foot-
wall, or eastern one-half, consists largely of garnet
and contains 1 to 5 percent sulfides (Table 1, MV M-
1). It is in contact on the east with epidote-grossu-
larite skarn which formed in the tuff unit (Table 1,
MVNM-5). The hanging wall, or western one-half,
consists dominantly of garnet and pyroxene and con-
tains an average of 20 percent sulfides. The min-
eralogy and mineral compositions of the footwall
skarn indicate that it belongs to the early stage of
contact metasomatism, It is relatively uniform in
composition throughout, and is referred to below as
the garnet zone. The hanging-wall skarn is late
relative to the footwall skarn. It formed in previ-
ously dolomitized limestone along the outer edge of
the garnet zone,

Mineral zoning in the hanging-wall skarn is, as
might be expected, very pronounced and systematic,
The skarn may be treated as a large, zoned, altera-
tion envelope with the center line located 0 to 15 m
west of the western edge of the garnet zone (Fig. 5).
Proceeding out from the center line to the dolomitic
marble wall rock, the general zonal sequence is: (1)
garnet-pyroxene, (2) pyroxene, and (3) marble
contact zones. The marble contact zone contains py-
roxene veins with zoned tremolite-talc-calcite enve-
lopes. The central garnet-bearing zone pinches out
along the center line to the south. The location of
the footwall garnet zone relative to the hanging-wall
skarn center line resulted in an asvmmetric zonal
development.  The pyroxene and marble contact
zones are best developed on the west.

The silicate zonal pattern and skarn morphology
reveal that the dominant direction of flow of the
metasomatic fluid was southward, away from the
northern batholith contact, along a faulted and brec-
ciated tuff-limestone contact during the early stage,
and along hedding planes in marble during the for-
mation of the hanging-wall skarn. The skarn fingers
out along hedding to the south and consists of steeply
west-dipping cale-silicate bands 2 to 10 m wide sepa-
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Fic. 5. Schematic map of mineral zoning and morphology.

Length of skarn shown is approximately 150 m.

rated by marble. Movement of fluid at right angles
to bedding was largely fracture controlled, Ividence
of preskarn fractures exists only on the outer con-
tact where silication is not pervasive and where calc-
silicate veins up to several centimeters wide criss-
cross the dolomitic marble, Continued fracturing
during skarn formation is indicated by late silicate-
sulfide assemblages cementing early assemblages
within the hanging-wall skarn zone, and by veins of
garnet cutting the footwall skarn.

Postskarn faulting had only a minor disruptive
effect on the skarn zone. The oldest faults in the
mine, which may be pre-Tertiary in age, strike north-
south parallel to bedding, and dip 55° to 70° east.
These faults have normal dip-slip displacements of 5
to 25 m. and offset ore zones and silicate zonal pat-
terns. The youngest postskarn structure, which oc-
curs near the north end of the skarn exposure, con-
sists of a 50° south-dipping fault which offsets the
skarn 75 m in a left-lateral sense. This fault zone
was intruded by a swarm of basalt dikes, 0.5 to 1:5
m thick, which may have been feeders for the Plio-
cene hasalt flows that cap the hills south of the MVM.
Postdike movement is indicated by fault gouges along
the dike contacts which contain southeast-plunging
mullions.  These mullions suggest that the last move-
ment was in a direction compatible with an origin for

.
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Marble zone

CcTa(Ch)
TaCcMt(Ch)
Ta(Mt)
Tr(CcMt)
DiTrCe(MtHm)
DiCel’y (MtHm)
SaCcePy (MtHm)

TrCeDo

AcSal'vCpCe

MASON VALLEY MINE SKARN, NEI"ADA

Time increases downward in each column,
PPhises are listed in order of decreasing abundance and parentheses indicate minor or trace

Hanging-wall skarn
Pyroxene zone

DiCePy (MtHm)
SaPyCe(MtHm)

-
T
Time comparisons

Footwall skarn

Garnet-pyroxence
Garnet zone

zone

Ce(Ch)

DoCe
Cclr(Ch'Ta)
DiCe
GrDiCe
GrQzCe(I’y)
CeQzChlipl’y

Saly (Cc)

GrSal’y(Cc)

AdPyCpCe GrCeQzly
AdCcel’y (Cp)

Abbreviations as in Table 3, with addition of Ch = chlorite, Ep = epidote, Gr = granditc.

dipping, spoon-shaped, normal fault (Figs. 1 and Z).
Iocally, basalt dikes display sharp intrusive contacts
against the skarn, but no influence on the skarn as-
semblage can be detected. North of the Basalt fault,
the skarn disappears under the north-dipping Singa-
tse fault,

Paragenesis and mineral compositions

Though some veining of skarn by later silicates is
visihle underground and in hand specimen, the per-
vasive and repetitive nature of fracturing and reheal-
ing hecomes apparent only in thin section. Through-
out the skarn, the overgrowths, cementing materials,
or veins have (1) higher garnet/pyroxene ratios,
(2) higher iron content in garnet, (3) higher chal-
copyvrite/pyrite ratios, and (4) larger grain sizes
than the early assemblages, fragments, or wall rock.
In both early and late assemblages in the hanging-
will skarn, the garnet/pyroxene and chalcopyrite/
pyrite ratios decrease to the south and toward marble.
The present skarn pattern, therefore, is the result of
zonal growth outwards, with continued fracturing
having enabled solution flow.,

Textures and mineral relations within the four
skarn zones (garnet, garnet/pyroxene, pyroxenc,
marble contact) are illustrated in Figures 6, 8, and
Y. The sequence of formation of mineral assemblages
is summarized in Table 2, and the compositions of
garnet, pyroxene, and amphibole are summarized in
Tables 3, 4, 5, and 6 and Figure 7. Garnet, pyroxene,
and amphibole were analyzed for Al, Fe, and Mg
by electron microprobe (Applied Research Labora-
tories, EMX) using standard techniques. Three
chemically homogeneous clinopyroxenes were used
s standards.  These range in total Fe as FeO from
24 10 24.0 weight percent, ALOy from 0.6 to 9.4
weight percent, and MgO from 0.7 to 19.9 weight
pereent, Background corrections were applied to all

data. Drift corrections were obviated hy the use of
fixed beam current rather than fixed time to integrate
intensities over an average time of 10 secc. No other
corrections were applied to the data. Microprobe
wavelength scans indicate that garnet, pyroxene, and
amphibole are members of the grossularite-andradite,
diopside-hedenbergite, and tremolite-ferrotremolite
solid solution series, respectively. The composition
of these phases will be referred to below in terms of
mole percent of the iron end members: andradite
(Ad), hedenbergite (Hd), and ferrotremolite (Ft).

Garnet zone: Overall, the zone contains 70 per-
cent garnet, 10 percent pyroxene, and minor quartz,
calcite, amphibole, plagioclase, chlorite, and pyrite
(Table 1, MV M-1). Total sulfide abundance is in
the range 2 to 4 percent, and the chalcopyrite/pyrite
ratio averages 0.2, Faint relic bedding in the garnet
zone is expressed by varving proportions of garnet
and pyroxene and varving grain sizes, This zone
consists predominantly of pale gray-green and buff,

TaprLe 3. Some Common Skarn Minerals in the System
Ca-Mg-Fe-Si-Cu-5:-0,-C0O-H:0,  Minerals in parentheses do
not occur at the MV'M.

hematite Hm

magnetite Mt

pyrite Py

chalcopyrite Cp Ss

calcite Ce CaCO;y

dolomite Do CaMg(COy).
quartz Qz Si0.

(wollastonite) Wo CaSiO;

(forsterite) Fo Mg.SiOy

tale Ta Mg:Sis00(OH ),
tremolite Tr Ca2Mg:SisO22 (OH ).
actinolite Ac Cas (Mg, Fe):Sis02:(0OH ).
(ferrotremolite) Fit CasFe:Sii022(0OH ).
diopside Di CaMgSi0Og

salite Sa Ca(Mg, Fe)SiOy
(hedenbergite) Hd Cal7eSiOy

Ad CaleSin0y,

andradite
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. 0.5 cm :

Fic. 6. Sketches of mineral relations in thin section.

A. Specimen 3-12A, footwall skarn, Early grandite-diopside assemblage (1) with grandite
crystals zone from anisotropic cores (Ady.a) to isotropic, strongly banded rims (Ad:) (2,
overgrown by isotropic andradite (Ad,.) (3) plus calcite and cut by late grandite (Adizze)
vein (4) with final andradite-quartz-calcite filling.

B. Specimen 4-3A, hanging-wall skarn, garnet-pyroxene zone. Early fragments (1) of
grandite (Adw m)-salite (Hduoe) cemented by isotropic andradite plus chalcopyrite (3).
Fragment boundaries (2) are lined with coarse-grained salite crystals whose growth terminated
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