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Petrology, Mineralogy, and Geochemistry of the
Lower Coon Mountain Pluton, Northern California,
with Respect to the Distribution of

Platinum-Group Elements

By Norman J Page, Floyd Gray, and Andrew Griscom

Abstract

The Lower Coon Mountain pluton, south of Gasquet in
Del Norte County, northern California, forms a sill-like mass
of mafic and ultramafic rocks that crop out over an area of
about 8 km?2 It intrudes the central part of a syncline
formed by metasedimentary and metavolcanic rocks that
overlie the Josephine ophiolite of Jurassic age. The pluton
has a minimum age of 142 Ma. Aeromagnetic modeling
suggests a maximum thickness of 400 to 500 m, but most of
the pluton is much thinner. Two sequences of rocks com-
pose the pluton, a layered and an intrusive sequence. The
older, layered sequence consists of repetitive units, ranging
in thickness from 10 to 625 m, of clinopyroxene-olivine cu-
mulate and plagioclase-rich clinopyroxene-olivine cumulate.
Varying proportions of cumulus diopside, olivine, magnetite,
and plagioclase form finer layers, 1 to 50 cm thick; horn-
blende is present as an accessory mineral. Primary structural
features include modal layering, crystal-size layering, and
rare basinlike structures. The intrusive sequence, which
crosscuts and contains xenoliths and pendants of the layered
sequence, consists, in ascending stratigraphic order, of lay-
ered olivine-clinopyroxene cumulate, olivine-clinopyroxene
cumulate, intrusive feldspathic pyroxenite, olivine cumulate
and dunite, and gabbro. The rocks are composed of varying
proportions of diopside, olivine, magnetite, plagioclase, and
hornblende; pyrrhotite, chalcopyrite, and pyrite occur in
trace amounts, and the rocks are altered to combinations of
serpentine, magnetite, epidote, carbonate and zeolite miner-
als, and hydrogarnet. Neither sequence contains orthopyrox-
ene. The general crystallization order is either olivine,
magnetite, or both first, followed by diopside or plagioclase
with continued crystallization of olivine and magnetite, and,
lastly, followed by hornblende. Diopside compositions,
which range from Eng, 3 to Engg 4 from Fs; ¢ to Fsyy 3 and
from Woy, o to Wos, 3 are the same in the two sequences,
and the variations in composition show no trends within the

Manuscript approved for publication, November 6, 1991.

sequences or individual map units. Some of the variation in
Wo content is related to the volume of cumulus plagioclase.
The 100Mg/(Mg+Fe?*+Mn+Ni) ratio in olivine ranges from
70.2 to 83.1. The NiO content of olivine is similar in both
sequences and unrelated to 100Mg/(Mg+Fe?*+Mn+Ni) ratio.
In the layered sequence, the Fs content of clinopyroxene is
inversely related to 100Mg/(Mg+Fe?*+Mn+Ni) ratio, and in-
creasing magnetite content correlates with an increase of
this ratio in olivine. Similar relations, however, are not
readily apparent in the intrusive sequence. Plagioclase com-
position ranges from about Ang, to Ang,. Hornblende con-
tent varies spatially in the pluton and is highest near the
intrusive contact with the country rocks along the northern
margin of the pluton.

Major-element chemistry of the rocks reflects the varia-
tions in mineral proportions; however, ultramafic rocks of the
layered sequence are richer in TiO, than those of the intru-
sive sequence. In general, TiO,, V, Co, Ni, and Cr contents
tend to increase with increasing MgO content in both se-
quences, and Co, Ni, and Cr contents tend to increase in
individual rock units from oldest to youngest in the order of
emplacement for the intrusive sequence. The spatial distribu-
tion of copper (samples containing more than 150 ppm Cu)
correlates with that of hornblende. Pt and Pd contents of the
rocks range from less than 10 to 230 ppb and from less than
1 to 47 ppb, respectively. Rh content ranges from less than 1
to 13 ppb, and Ir and Ru contents are less than 20 and 100
ppb, respectively.

A reconnaissance soil geochemical survey, based on
data from hand-augered holes, showed that Pt content rang-
es from 17 to 181 ppb and averages 70 ppb, with a standard
deviation of 48 ppb. Pd content ranges from less than 1 to
33 ppb and averages about 3 ppb, with a standard deviation
of 6 ppb. Both platinum and palladium are enriched in soils,
on average, about twice over their protolith. Platinum is en-
riched as much as 7 times over its protolith, and palladium
as much as 4 times.

Consideration of the platinum-group-element (PGE) geo-
chemical surveys and the evidence for absence of sulfur sat-
uration in the subalkaline to alkaline magmas from which
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the Lower Coon Mountain pluton crystallized suggest a low
probability for a large-tonnage, high-grade PGE deposit asso-
ciated with the pluton.

INTRODUCTION

The Lower Coon Mountain pluton forms a sill-like
mass consisting of mafic and ultramafic rocks that crop
out over an area of about 8 to 9 km? at the west end of
Lower Coon Mountain, approximately 6 km south of
Gasquet in Del Norte County, northern California (fig. 1).
Cater and Wells (1953) identified this mass as a wehrlite,
described its sill-like characteristics, and separated it from
other ultramafic rocks in the Gasquet quadrangle. Later
mapping and reconnaissance petrologic studies by Harper
(1980a, b) clarified the regional and contact relations of
the pluton, described some of the petrologic variations,
and identified the pluton as most similar to Alaskan-type
or concentrically zoned ultramafic plutons. The report by
Logan (1919) on platinum associated with gold placers in
Tertiary and Holocene gravels on Lower Coon Mountain,
in Coon Creek, and in Craigs Creek, in combination with
the information generated by Harper (1980a, b), resulted
in our initiation of a platinum-group-element (PGE) re-
source investigation of the pluton and adjacent country
rocks. Earlier publications included a geologic map by
Gray and Page (1985) and a geochemical map of the plat-
inum and palladium contents of soils (Page and Gray,
1985). A brief overview of the PGE geochemistry of the
pluton in comparison with that of other similar plutons in
the Klamath Mountains was given by Gray and others
(1986).

The purpose of this report is (1) to describe the geo-
logic features, petrologic and mineralogic details, and ge-
ochemistry of the Lower Coon Mountain pluton; (2) to
evaluate the potential for PGE resources; and (3) to com-
pare the pluton with others of the same type. An aeromag-
netic model for the pluton was constructed from the data
of Griscom (1984).

Acknowledgments.—This study is based on more
than a man-year of field mapping and sampling during
1981 to 1983, assisted by James B. Barnard in 1981, Lars
D. Page in 1982, and Michael Grubensky in 1983.

REGIONAL GEOLOGIC SETTING

The Klamath Mountains province of northern Califor-
nia and southwestern Oregon is composed of accreted ter-
ranes that were divided by Irwin (1964, 1972) into four
arcuate lithologic belts bounded by east-dipping faults (fig.
2); these belts are the eastern Klamath, central metamor-
phic, western Paleozoic and Triassic, and western Jurassic.
Subsequently, the belts were subdivided by Blake and oth-

ers (1982) into tectonostratigraphic terranes that record the
development of oceanic crust and upper mantle and vol-
canic island arcs from Paleozoic through Jurassic time.
Within the western Jurassic belt, the Smith River subter-
rane (Silberling and others, 1984) contains the Lower
Coon Mountain pluton.

The Smith River terrane includes the Josephine ophi-
olite and conformably overlying chert, shale, argillite,
flysch, and volcaniclastic rocks. The Smith River terrane
was interpreted by Saleeby and others (1982) to represent
the remnants of a marginal basin formed by backarc ex-
tension about 157 Ma. The Josephine ophiolite, which
contains all the rock units of a complete ophiolite se-
quence, has been most recently investigated by Harper
(1980a, b), Smith and others (1982), Evans (1984), and
Gray and others (1986). The rocks overlying the ophiolite
were regarded by Cater and Wells (1953) to be correlative
with the Galice Formation of southwestern Oregon. Both
contain the same bivalve fossils and are of a similar age
(Harper, 1980b); however, the type Galice overlies a se-
quence of andesitic volcanic flows, tuff breccia, tuff, and
volcaniclastic rocks, is overlain by a sequence of waterlain
tuff and breccia, and is not physically and stratigraphically
linked to the relatively younger shale, mudstone, and
sandstone of the shale of Illinois Valley that are continu-
ous with rocks overlying the Josephine ophiolite (Smith
and others, 1982). The Lower Coon Mountain pluton in-
trudes rocks that overlie the ophiolite, and is, in turn, cut
by dikes. The minimum age of the pluton is 142 Ma,
based on a concordant U-Pb age on a crosscutting grano-
diorite dike (Saleeby and others, 1982).

The Lower Coon Mountain pluton occupies the cen-
tral part of a syncline that plunges gently southeast, as de-
fined by mapped patterns of contacts between sedimentary
and volcanic country rocks. Evans (1984) stated that poles
to bedding define a § axis that plunges 10° N., whereas
poles to cleavage and axial planes of folds define a § axis
plunging 20°, S. 10° E., that is similar to the mapped pat-
tern of the rocks.

GEOLOGY
Shape, Size, and Contact Relations

In plan, outcrops of the Lower Coon Mountain plu-
ton outline an irregular, rounded to subrounded, rectangu-
lar area with an arm-shaped segment to the south,
pointing southwest (pl. 1). The rectangular area has maxi-
mum dimensions of 2.4 by 3.2 km, and the arm-shaped
area of 1.3 by 0.3 km. Cross-section interpretations sug-
gest a maximum thickness of 600 to 900 m for the rectan-
gular, dish-shaped mass. This estimate for the thickness of
the sheet is larger than both the 290 m reported by Cater
and Wells (1953) and the 300 m suggested by Harper

2 Petrology, Mineralogy, and Geochemistry of the Lower Coon Mountain Pluton, Northern California



(1980a). Aeromagnetic modeling studies imply that the
pluton is as much as 610 m thick, but that most of it is
quite thin

Two distinct sequences of rocks form the pluton: a
layered sequence of ultramafic cumulates and an intrusive
sequence of crosscutting mafic to ultramafic rocks. On the
basis of this simplified petrologic subdivision and the
faulting of the pluton, the pluton can be divided into four
petrologic-structural segments (fig. 3): (1) a northern seg-
ment, (2) a southwestern segment, (3) a southeastern seg-
ment, and (4) a Haines Flat segment. These artificial
subdivisions, in combination with the geologic map and

cross sections (pl. 1), are used here to discuss the structur-
al and spatial geometry of the pluton.

The northern segment consists predominantly of rocks
of the intrusive sequence. Its south boundary is marked by
a steeply dipping contact that crosscuts layering planes in
ultramafic rocks of the layered sequence (pl. 1; fig. 3). The
east boundary of this segment consists of a steeply west-
dipping normal fault, with an overlying cover of Tertiary
gravel deposits. Observed contacts between the pluton and
country rocks on the north and northwest boundaries, and
the intersection of the mapped contact and topography,
demonstrate that the contact dips shallowly 20°-30°
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Figure 2. Schematic map of part of the Klamath Mountains
province, Calif. (from Irwin, 1972), showing regional geolog-
ic and tectonic setting of the Lower Coon Mountain pluton.

inward, generally south and southeast, toward the center
of the pluton. The rest of the north boundary is marked by
a southwest-dipping fault. The external contact of the plu-
ton appears to be semiconcordant with bedding in the sed-
imentary rocks. In the immediate vicinity of this contact,
the sedimentary rocks have been metamorphosed to horn-
fels and amphibolite, and locally rocks of the intrusive se-
quence are fine grained near the margin. Within the
northern segment are pendants(?) or inclusions of ultrama-
fic rocks of the layered sequence.

The southwestern segment (fig. 3) consists of ultra-
mafic rocks of the layered sequence, cut by a mass of the
intrusive sequence (pl. 1). Its irregular north boundary is
marked by a contact between the layered sequence and the
intrusive sequence of the northern segment. A steeply dip-
ping, northeast-trending fault marks the east or southeast
boundary of this segment of the pluton, which on the
southwest is in contact with shale and mudstone. On the
basis of the map pattern, the southwest contact of the lay-
ered sequence dips 20°-30° NE., whereas the internal lay-
ering of this sequence strikes northwest and dips 50°-70°
NE. The discordance between the attitude of internal lay-
ering and the external contact of the pluton suggests two
alternative explanations. One explanation is that the south-
west contact is a shallow, northwest-dipping fault, possibly
formed by slippage along this incompetent plane during
the development of the syncline. Another explanation is
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Figure 3. Sketch map showing petrologic-structural subdivi-
sions of the Lower Coon Mountain pluton.
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that the internal layering did not develop in a subhorizon-
tal position. Absence of exposures, heavy brush in the area
of the contact, and deep weathering of the shale have pre-
vented a solution to this problem. The mass of the intru-
sive sequence exhibits a crosscutting, steeply dipping
contact with the layered sequence and has a contact with
country rocks that can be interpreted as steeply dipping.

The southeastern segment (fig. 3) consists of rocks of
the layered sequence. It is bounded on the west and, in
part, on the northeast by steeply dipping faults. Its north
boundary is marked by a contact with the intrusive se-
quence. One part of the southeast boundary is marked by a
steeply dipping contact with the intrusive sequence, and
the other part by a contact between the intrusive sequence
and country rocks. This contact dips shallowly (15°-30°)
northwest, and internal layering of the pluton dips 15°-25°
NW.; thus, no discordance exists between the pluton and
bedding in the country rocks. Also, locally near this con-
tact, homfels and amphibolite are exposed.

The Haines Flat segment (fig. 3), an arm-shaped area,
consists of rocks of the intrusive sequence. Its northwest
boundary consists of two parts separated by a northwest-
trending fault (pl. 1). The northeastern part of this bound-
ary is marked by a relatively steeply northwest-dipping
intrusive contact with the layered sequence; the south-
western part is marked by a southerly dipping contact be-
tween the pluton and country rocks. The northeast
boundary is marked by a 20°-30° SW.-dipping contact be-
tween the pluton and country rocks. The west boundary is
marked by a steeply east-dipping contact between the plu-
ton and country rocks. The southwest boundary is marked
by a similar contact that dips relatively steeply south,
away from the pluton. Irregular apophyses of the intrusive
sequence (gabbro) into metavolcanic country rocks form a
complex, irregular contact along part of the southwest
boundary. Cross-section interpretations (pl. 1) suggest that
the Haines Flat segment does not extend southeastward
under the country rocks any great distance, but that south-
west and northwest contacts are connected in the subsur-
face. In general, the external contact of the Lower Coon
Mountain pluton dips 15°-30° inward toward the pluton,
except where it has been modified by faulting. Internal
layering and contacts within the layered sequence dip
shallowly and are generally concordant with this external
contact. Contacts between the layered sequence and the
intrusive sequence dip more steeply.

Composition by Unit
and Stratigraphic Terminology

The subdivision of the Coon Mountain pluton into a
layered sequence of ultramafic cumulates and an intrusive
sequence of mafic to ultramafic rocks is further refined

here, so that the bulk composition of the pluton by rock
unit can be examined in some detail. The layered sequence
consists of two units that are repetitively interlayered:
clinopyroxene-olivine cumulate and plagioclase-rich clino-
pyroxene-olivine cumulate. Both units locally contain dis-
continuous, magnetite-rich cumulate layers. The intrusive
sequence consists of five units, from oldest to youngest:
layered olivine-clinopyroxene cumulate, olivine-clinopy-
roxene cumulate, intrusive feldspathic pyroxenite, olivine
cumulate and dunite, and gabbro. Of the total area of out-
crop of the Lower Coon Mountain pluton, about 52 per-
cent is underlain by the layered sequence. The distribution
of units in the outcrop area of the pluton is summarized in
table 1.

The southeastern and southwestern segments, which
consist of rocks of the layered sequence, are underlain by
differing proportions of clinopyroxene-olivine cumulate
and plagioclase-rich clinopyroxene-olivine cumulate. Al-
though these two segments contain inverse amounts of the
units, the overall outcrop area of clinopyroxene-olivine cu-
mulate is about equal to that of plagioclase-rich clinopy-
roxene-olivine cumulate. Layered olivine-clinopyroxene
cumulate of the intrusive sequence underlies the next larg-
est area, and olivine-clinopyroxene cumulate is the next
most abundant. All other rocks of the intrusive sequence,
mostly gabbro, compose only 7.2 percent of the total out-
crop area of the pluton.

Stratigraphy

Country Rocks

The Lower Coon Mountain pluton intrudes shale,
mudstone, sandstone, and, locally, volcanic rocks, which
are continuous with those of the shale of Illinois Valley of
southwestern Oregon (Smith and others, 1982). Harper
(1980a, b) described these rocks in some petrologic detail
and believed that they were correlative with the Galice
Formation. Near the immediate contact of the pluton,
shale, mudstone, or sandstone protoliths were metamor-
phosed to phyllite, slaty shale, and hornfels. Locally, as
shown on plate 1, the protoliths were andesitic to basaltic
volcanic flows and breccias. Some of the more phyllitic
shale near the contact contains biotite, chlorite, and epi-
dote as metamorphic minerals, whereas the hornfels of
both sedimentary and volcanic protoliths contains green-
brown hornblende, epidote, plagioclase, quartz, chlorite,
and tremolite-actinolite. Some of the chlorite and the trem-
olite-actinolite developed later than the other minerals. Lo-
cally, very near the contact, some of the hornfels contains
a clear, untwinned clinopyroxene. Thus, the grade of con-
tact metamorphism may have locally reached pyroxene
hornfels facies but apparently is more commonly no high-
er than hornblende hornfels facies.

Geology 5



Table 1. Percentage of outcrop area by unit

Unit Number Percentage of Outcrop area
(fig. 4) of points outcrop area (km?)
Intrusive sequence
Jg - e 136 5.59 0.490
Jo omnor o ————————— 9 37 .032
[ E——— - 29 1.19 104
Jocmmmmemmeeeee 415 17.05 1.494
) —— - 584 23.99 2.102
Layered sequence
R —— 629 25.84 2.264
 (C— 625 25.68 2.250
Mt - 7 29 025
Total------—-- 2,434 100.00 8.761
IMagnetite layers.

Lower Coon Mountaiﬁ Pluton

The rocks of the Lower Coon Mountain pluton are
here discussed in two major sequences, layered and intru-
sive, and in relative age from oldest to youngest. The plu-
ton is characterized by a general absence of orthopyroxene
in the igneous rocks. Stratigraphic and intrusive relations
in the pluton are illustrated in figure 4, where the diagram-
matic section represents a combination of all cross sec-
tions and the geologic map (pl. 1), and the proportions of
rock units are similar to those outlined in table 1. The fol-
lowing discussion focuses on the definition of units, their
distribution, thickness, lithology, contact relations, and pri-
mary structures. Petrologic and chemical characteristics
are described in later sections.

The Layered Sequence

Repetitive units of clinopyroxene-olivine and plagio-
clase-rich clinopyroxene-olivine cumulates form and de-
fine the layered sequence. The clinopyroxene-olivine
cumulate contains less than 1 volume percent plagioclase
and accessory amounts of hornblende and magnetite.
Varying proportions of clinopyroxene, olivine, and magne-
tite form layers, 1 to 50 cm thick, that are locally charac-
teristic of this unit (figs. 54, SB). The plagioclase-rich
clinopyroxene-olivine cumulate contains more than 10 and
as much as 40 volume percent plagioclase, as well as
hornblende and magnetite as accessory minerals. Modal
variations in the proportions of cumulus clinopyroxene,

olivine, and plagioclase form layers from less than 1 to 50
cm thick (fig. 5C). Thin, discontinuous, and lenslike along
strike, magnetite-rich layers occur in both cumulate units.
Rocks of the layered sequence occur in all four segments
of the pluton (pl. 1, fig. 3) but are most abundant in the
southwestern and southeastern segments. Comparison of
columnar sections constructed from the geologic map for
the different segments shows variations in the thickness,
proportion, and relative position of the repetitive units of
clinopyroxene-olivine cumulate and plagioclase-rich clino-
pyroxene-olivine cumulate (fig. 6). Layers of clinopyrox-
ene-olivine cumulate range in thickness from about 13 to
as much as 625 m; layers of plagioclase-rich clinopyrox-
ene-olivine cumulate range in thickness from about 13 to
as much as 457 m, excluding the covered area in the
southeastern segment. Evidently, the proportions of these
two cumulates differ between segments, as do their rela-
tive positions. In two segments, the plagioclase-rich clino-
pyroxene-olivine cumulate has an external contact with
the country rocks; and in the southwestern segment,
where this contact could be a fault, the clinopyroxene-oli-
vine cumulate is in contact with the country rocks. Within
the layered sequence, contacts between the two cumulate
units are defined by a rapid increase in the proportion of
plagioclase -mesoscopically visible in the rocks.

Primary structural features include modal layering,
crystal-size layering, and relatively rare basinlike struc-
tures. Both the modal and crystal-size layering appear to
be lensoidal, are discontinuous along strike, and are not
traceable for distances of more than tens of meters. How-
ever, mostly poor outcrops may bias this observation.

The Intrusive Sequence

Ultramafic and mafic rocks of the intrusive sequence
crosscut each other and the layered sequence (fig. 4).
Crosscutting features include discordant contacts with lay-
ering, dikes and apophyses, fine-grained margins, xeno-
liths and pendants, and intrusive breccias. The oldest units
are ultramafic, and the youngest unit is mafic.

Layered Olivine-Clinopyroxene Cumulate

Most exposures of the layered olivine-clinopyroxene
cumulate occur in the northern and Haines Flat segments
of the pluton, but an isolated large mass occurs in the
southwestern segment. Besides its characteristic lithology,
the unit displays a strong foliation, in part due to the pro-
portions of olivine and clinopyroxene but also to the pla-
nar alignment of clinopyroxene (fig. 74). The outcrop
width of the unit, perpendicular to layering, is more than
457 m, but because of the generally steeply dipping folia-
tion, outcrop patterns, and inferences from aeromagnetic
models, a true thickness cannot be determined, and de-
pending on the origin of the layered rock, such estimates
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may be inappropriate. The layered olivine-clinopyroxene
cumulate intrudes with angular discordance the layered
sequence and contains pendants of clinopyroxene-olivine
cumulate, the largest of which is in the northern segment
(pl. 1). The layered olivine-clinopyroxene cumulate is, in
turn, cut by all younger units of the intrusive sequence.

Olivine-Clinopyroxene Cumulate

The olivine-clinopyroxene cumulate is massive and
exhibits only rare foliation; it varies only slightly in the
proportion of olivine to clinopyroxene. The unit is most
abundant in the northern and Haines Flat segments of the

METERS
0

pluton (pl. 1). No thickness can be assigned to the unit,
but it has an outcrop width of as much as 1,433 m in the
Haines Flat segment. Locally, intrusion of the olivine-
clinopyroxene cumulate into layered olivine-clinopyroxene
cumulate has produced an intrusion breccia.

Intrusive Feldspathic Pyroxenite

The intrusive feldspathic pyroxenite has been mapped
only in the northern segment of the pluton as one relative-
ly small mass, but it may be more common than as
mapped (pl. 1). The unit contains varying amounts of
plagioclase, from 49 to as much as 81 volume percent, and
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EXPLANATION
INTRUSIVE SEQUENCE LAYERED SEQUENCE
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f \\;\j/g\: 3 Gabbro (Jurassic) Jp Plagioclase-rich clinopyroxene-olivine
cumulate (Jurassic)
Clivine cumulate and dunite {Jurassic) Jé Clinopyroxene-olivine cumulate (Jurassic)
N ': Ji_."'_' Intrusive feldspathic pyroxenite (Jurassic) ~ ........... Discontinuous layer of magnetite cumulate
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F—Js—] Shale and minor volcanic rocks (Jurassic)
Ji ’ Layered olivine-clinopyroxene cumulate —
(Jurassic)

Figure 4. Diagrammatic reconstructed cross section showing
pluton.

Contact

stratigraphic and intrusive relations in the Lower Coon Mountain
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its texture and mineralogy vary rapidly over small areas.
Some hand specimens resemble the plagioclase-rich
clinopyroxene-olivine cumulate, whereas others are similar
to the gabbro. Poor exposures in some areas prevent the
identification of these rocks as a separately mappable unit.
The intrusive feldspathic pyroxenite appears to intrude
only the layered sequence (fig. 7B) and the layered
olivine-clinopyroxene cumulate, and it is intruded only by
olivine cumulate and dunite, and gabbro. Locally, its con-
tacts, such as that with plagioclase-rich clinopyroxene cu-
mulate, are gradational, and elsewhere against other units
they are sharp.

Olivine Cumulate and Dunite

The olivine cumulate and dunite occur as irregular
pods (fig. 7C) and lensoid and pipelike masses intruding
all rock units except the gabbro, and in all segments of the
pluton (pl. 1) except the southwestern segment. Masses
range in size from centimeter scale to as large as 183 by
91 m; many are subrounded to rounded. Locally, the du-
nite contains xenoliths of pyroxenite in which the frag-
ments are rounded (fig. 7D). The larger masses tend to be
entirely olivine cumulate—that is, they contain large poi-
kilitic clinopyroxene crystals and minor interstitial plagio-
clase—and the smaller masses to be entirely dunite that is
clinopyroxene and plagioclase free.

Figure 5. Features in rocks of the layered sequence. A, Layering formed by variation in proportions of clinopyroxene, olivine,
and magnetite. Coc, clinopyroxene-olivine cumulate; comc, clinopyroxene-olivine-magnetite cumulate; mc, magnetite cumu-
late. Lens cap is 5 cm in diameter. B, Layer of olivine cumulate (oc) in clinopyroxene-olivine cumulate. Hammer is 38 cm
long. C, Layering formed by variation in proportions of clinopyroxene (dark) and plagioclase (light). Pen is 14 cm long.
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Gabbro

The gabbro is essentially confined to the margins of
the pluton, except for two occurrences in the southeastern
and Haines Flat segment in which the gabbro occurs be-
tween other units. The unit varies in texture, grain size,
and mineral proportions, and it is locally layered or foliat-
ed. The fact that it exhibits contacts with all other units
demonstrates that it is the youngest rock, except in one
area in the northern segment (pl. 1) where poor outcrops
and steep hillslopes make a contact with olivine cumulate
and dunite equivocal. Where the gabbro intrudes clinopy-
roxene-olivine cumulate, it produces extensive intrusion
breccias (fig. 8). In general, the gabbro appears to repre-
sent a relatively younger, marginal facies of the Lower
Coon Mountain pluton.
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SEGMENT SEGMENT
Ji JI
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N
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Covered

Postplutonic Intrusive Rocks

Mineralogically, at least two rock types form dikes that
intrude the Lower Coon Mountain pluton and adjacent
country rocks but are not mapped separately on plate 1:
hornblende diorite, and basalt to andesite. Both rock types
locally contain xenoliths of mafic to ultramafic rocks of the
pluton. The dikes tend to be discontinuous along strike and
to strike northeast or northwest; they range from tens of
centimeters to about 10 m in thickness.

The hornblende diorite dikes have an inequigranular to
equigranular, fine- to medium-grained texture, although lo-
cal variants are porphyritic. The rock consists of greenish-
brown to brown, subhedral to euhedral hornblende and an-
hedral to subhedral, blocky to tabular plagioclase; locally,
sphene, apatite, quartz, magnetite, and sulfide minerals are

NORTHERN HAINES FLAT
SEGMENT SEGMENT
Js
JI
=
Jp
Je Js
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—0
— 100
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Figure 6. Columnar sections of the layered sequence of the Lower Coon Mountain pluton. Same symbols
as in figure 4. Contact between units Jc and Jl is intrusive.
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accessory minerals. One dike contained small clots (approx
1 mm diam) of sulfide minerals composed of pyrite, chalco-
pyrite, bornite, and chalcocite. Plagioclase is commonly
altered to chlorite, epidote, and sericite; and brown horn-
blende is locally altered to bluish-green hornblende and
actinolite-tremolite.

The basalt to andesite dikes consist of phenocrysts of
clinopyroxene or of clinopyroxene and hornblende in a
fine- to medium-grained groundmass of plagioclase and
hornblende. The plagioclase generally is extremely altered
to chlorite, sericite, and epidote-group minerals. In some
samples, brown hornblende forms anhedral to subhedral
crystals intergrown with plagioclase to form the ground-
mass. Clinopyroxene phenocrysts are twinned and zoned.
Opaque minerals are accessory constituents of the rocks.
Some of this rock in dikes that intruded the country rocks,
shale, and hornfels resembles gabbroic rocks of the pluton

B

and may be related to the magmas that formed part of it.
However, the absence of exposures prevents a solution to
the problem of their relation to the pluton, except where
some variants cut parts of the pluton and contain xenoliths
of rocks of the pluton.

Quaternary and Tertiary Deposits

Aside from a thin but extensive soil, broken weath-
ered rock, and colluvium, parts of the pluton are covered
by Tertiary gravel and Quaternary alluvial and landslide
deposits (pl. 1). According to Cater and Wells (1953,

Figure 7. Features in rocks of the intrusive sequence. A, Modal layering in layered olivine-clinopyroxene cumulate; more
deeply etched layers are olivine rich. B, Xenoliths of layered olivine-clinopyroxene cumulate (dark) in intrusive feldspathic
pyroxenite. C, Dunite (du, outlined) pod crosscutting olivine-clinopyroxene cumulate. D, Intrusion breccia consisting of round-
ed clinopyroxene cumulate fragments in dunite. Pen is 14 cm long.
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p- 104-105), the Tertiary gravel on Lower Coon Mountain
(east side of the northern segment) and on Haines Flat (pl.
1) is post-late Miocene in age because, elsewhere, gravel-
filled channels cut into upper Miocene sedimentary rocks.
The gravel is poorly sorted, ranges in size from clay to
boulders (max 0.3 m diam), and includes a wide variety of
rock types. Quaternary alluvial deposits are of minor ex-
tent in the study area and have not been mapped. One
large landslide deposit that occurs in the southeastern seg-
ment covers the contact of the pluton with country rocks.

Structure

Relatively steeply dipping faults are the major postin-
trusion features that were observed. Cater and Wells (1953)
and Harper (1980a, b) both showed the Lower Coon Moun-
tain pluton as a thin, rootless body. Evans (1984) mapped a
thrust contact around the pluton; however, we observed lit-
tle evidence for the existence of this fault in the immediate
vicinity of the pluton. Some minor folds were reported by
Harper (1980a) in the country rocks; crenulated, foliated,
crinkled shale, and mudstone, were observed in float. There
is little evidence, except for the semiconformable contacts
of the pluton with country rocks, to relate the timing of
emplacement of the pluton to the time of formation cf the
larger syncline that it intruded.

Faults

There are two sets of faults, one striking northeast
and the other striking northwest (pl. 1). Dips on the
northeast-striking set range from 55° SE. to 65° NW., and

Figure 8. Gabbro (light) intruding and brecciating clinopyrox-
ene-olivine cumulate (dark). Lens cap is 5 cm in diameter.

on the northwest-striking set from 50° SW. to 60° NE.
Where determinable, offset on the faults appears to be as
much as 100 m. The northeast-striking fault between the
southwestern and southeastern segments (pl. 1; fig. 3)
shows an offset of the contact between layered olivine-
clinopyroxene cumulate and clinopyroxene-olivine cumu-
late of about 60 m. However, correlations between units
of the layered sequence in these two segments are diffi-
cult on the basis of thickness or other characteristics. .
This fault may have been active before the emplacement
of the intrusive sequence, and so the offset observed be-
tween the two sequences may result from reactivation
along this fault.

Aeromagnetic Model

An aeromagnetic map (fig. 9) encompassing the Low-
er Coon Mountain pluton is available from a 1977 survey
(Griscom, 1984) at a scale of 1:62,500. Traverses were
oriented east-west at a spacing of 0.8 km and were flown
at an elevation of 1,200 m above sea level. This elevation
was 305 to 800 m above the topography of the exposed
part of the pluton. Contour intervals on the map are 25
and 100 nT. An average regional field of 53,038 nT plus a
regional trend of 4.72 nT/km north and 2.78 nT/km east
was removed from the data before contouring, on the basis
of the International Geomagnetic Reference Field (IGRF)
of 1975.

Magnetic-susceptibility measurements were made on a
total of 22 rock samples collected from throughout the plu-
ton, including all the major varieties of cumulate. Values
ranged from 1x1073 to 20x1073 emu, with an average value
of 6x1073 emu (table 2). Multiplying this average by the
local intensity of the Earth’s main field (53,038 nT) gives
an induced magnetization of 3.2x1073 emu/cm?. Remanent
magnetizations were not measured on these samples, but
data from similar rocks in California indicate that the rema-
nent magnetization may be 25 to 50 percent of the induced
magnetization. The total magnetization of these rocks (vec-
tor sum of the two magnetizations) thus may be approxi-
mately 4x1073 to 5x1073 -emu/cm’, assuming that the
remanent component approximately parallels the Earth’s
present field. This large magnetization indicates that the
pluton is highly magnetic because the sedimentary rocks
surrounding the pluton are essentially nonmagnetic.

Examination of the aeromagnetic map shows a circu-
lar magnetic high, about 1.4 km in diameter and about 500
nT in amplitude, over the southwest quadrant of the plu-
ton. A more important observation is that most of the plu-
ton fails to display any substantial magnetic anomaly, even
though the rocks are highly magnetic. We conclude that
the pluton in the region of a negligible anomaly must gen-
erally be so extremely thin that it does not display a more
extensive magnetic anomaly.

Geology 11



cl

eIUI0I[ED) UIBYLION ‘UOIN|J UIBIUNO U00D) 13M0T] 3y} Jo A1)siwayd0a0) pue 4Sojesauryy 4Sojoa3ag

123°59'01" ) 123°57'30"

dwer Coon Mauntain pluton ™

(dotted where toncealed) O\ N
> : ; i

41°47

41°45'

1 KILOMETER
J
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Table 2. Magnetic susceptibility of rock samples from the
Lower Coon Mountain pluton

[Measured with a hand-held Scintrex SM—35 meter]

Susceptibility (103 cgs)

Sample Comment
Average Range
Layered olivine-clinopyroxene cumulate

82CMG28 1.5 - —
82CMG30 3.0 - Small sample.
82CMG84 6.0 - Small chip.
82CMG173 2.3 — —
82CMG174 1.0 — —
82CMG175 3.0 - —
82CMG176 2.4 - —
82CMG177 5.2 - —

Clinopyroxene-olivine cumulate and
plagioclase-rich clinopyroxene-olivine cumulate

82CMP3 14 — —
82CMPr4 10 — Small sample.
82CMP5 5.0 — Small chip.
82CMP6 12 -— Small sample.
82CMP7 6.0 -— Small chip.
82CMP8 25 — Small sample.
82CMP9 1 -— -—
82CMG130 1.6 1.0-1.8 -
82CMG131 32 3.0-34 -
82CMG132 3.0 25-3.0 -
82CMG133 10.0 -— -

Olivine-clinopyroxene cumulate

82CMP1 20 — -
82CMP2 3.6 — -
82CMP25 6.2 -— -
Average of 22 samples--—~ 6.0 - -

An east-west magnetic profile was selected that
passes across the pluton through the crest of the magnetic
high. The magnetic expression of a thin tabular model
(fig. 10) lying beneath this profile was calculated by us-
ing program parameters that assumed the model to end
0.4 and 0.6 km to the north and south of the profile, re-
spectively. These limiting distances are appropriate for
the source of the circular magnetic high and do not sig-
nificantly affect the calculation over the thinner parts of
the model. It is additionally necessary to extract a rea-
sonable residual profile from the original magnetic profile
so as to isolate the magnetic effects of the Lower Coon
Mountain pluton. In figure 10, there is a local magnetic
anomaly that is caused by a nearby unrelated source
body; this anomaly is then subtracted from the observed
profile to produce the residual. This local unrelated
anomaly is deduced from the contour map (fig. 9), where

a linear, east-sloping, north-south-striking magnetic gradi-
ent can be observed through the west side of the circular
magnetic high, both distorting the high and causing the
saddle on the west edge of the high. The final datum for
the residual profile is necessarily arbitrary and is reason-
able, considering the form of the anomaly.

The model of the pluton (fig. 10) is mostly con-
structed within the geologic and topographic constraints.
The upper surface of this model is the actual topography,
and the bottom of the east half of the model is set at an
elevation of 488 m, in agreement with the local eleva-
tions here of the external contact of the pluton. The bot-
tom of the west tip of the model is set at an elevation of
610 m, also in agreement with the elevation of the con-
tact of the pluton at this point. The model is thicker un-
derneath the magnetic high over the west half of the
model, to correspond to the magnetic high. A magnetiza-
tion of 4.2x10~3 emu/cm> was used in the calculation, in
accord with results from the sample measurements.

The general agreement between the model calcula-
tion and the observed magnetic profile is good, even in-
cluding the small magnetic high over the east third of the
model. Clearly, the pluton is very thin, and its contacts
tend to follow the topographic contours because the plu-
ton is relatively flat bottomed. The reality of the slightly
thicker “root” beneath the magnetic high is less certain,
although the vertical east boundary of this “root” at 2.6
km does correspond to a normal fault on the geologic
map. Alternative explanations for that part of the magnet-
ic high caused by the “root” could be that (1) the rocks
are simply more magnetic beneath the high; or (2) the
aircraft, unknown to us, flew somewhat lower as it went
over the higher topography. The relatively complex struc-
ture and steep dips shown on the geologic map do not
appear to agree with a very thin, flat-bottomed pluton
and suggest that this flat bottom may be a later thrust
fault at some depth from the surface of the pluton, al-
though no evidence for this thrust has been observed in
the field.

PETROLOGY

Most rocks of the Lower Coon Mountain pluton have
cumulus textures and are dominated mineralogically by di-
opside-rich rocks. This section describes the petrography
and mineralogy of these rocks by sequence and unit. Cu-
mulus terminology is used to describe the rocks, but rock
names using the classification of the International Union
of Geological Sciences (IUGS Subcommission on the Sys-
tematics of Igneous Rocks, 1973) are included for compar-
ative purposes. Some petrographic varieties, such as
clinopyroxene-olivine cumulate, occur in both the layered
and intrusive sequences but display different structures
and textures.
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Short-dashed curve, observed magnetic field; long-dashed curve, residual magnetic field; dotted curve, calculated magnetic
field; solid curve, local regional magnetic field. B, Magnetic model.
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The Layered Sequence

Clinopyroxene-Olivine Cumulate

The clinopyroxene-olivine cumulate consists of both
clinopyroxene-olivine cumulate and clinopyroxene-
olivine-magnetite cumulate. Locally, the unit contains lay-
ers of clinopyroxene-magnetite cumulate and magnetite
cumulate, both of which may locally contain traces of in-
terstitial plagioclase (more than 0.5 volume percent) and
minor to accessory amounts of brown hornblende. Modal
data for samples of this unit are plotted in figure 11; figure
114 illustrates the absence of plagioclase in the unit. In
the TUGS classification, samples of the clinopyroxene-
olivine cumulate and the clinopyroxene-olivine-magnetite
cumulate are mainly magnetite-bearing olivine clinopyrox-
enite; some samples are hornblende-bearing olivine-
magnetite clinopyroxenite or olivine-magnetite-hornblende
clinopyroxenite. The proportion of olivine to clinopyrox-
ene ranges from about Ol;gCpxg, to OlyoCpxeg and does
not cluster around the proportion Ol,(Cpxg, suggested by
Irvine (1974) as the modal composition of cotectic precip-
itation for similar rocks in the Duke Island ultramafic
complex, Alaska. Neither does the proportion of clinopy-
roxene to magnetite cluster near the proportion Cpxgs
Mt, 5 suggested for coprecipitation, although the ratio of
clinopyroxene plus olivine to magnetite ranges from about
(Cpx-Ol)gs Mt; 5 to (Cpx-Ol)gyMt;( and appears to be fair-
Iy constant for most samples of the clinopyroxene-olivine-
magnetite cumulate.

Cpx
A Clinopyroxenite
Olivine clinopyroxenite
. Mela-olivine
Anorthosite

gabbro

Olivine gabbro Dunite

olivine gabbro

Troctolite \/
Pl 50 Ol

Major minerals in the clinopyroxene-olivine cumulate
are clinopyroxene (55-77 volume percent), olivine (15-38
volume percent), magnetite (0.2-15 volume percent), and
brown hornblende (0.8-6 volume percent). Minor minerals
are plagioclase, biotite, and pyrrhotite; secondary minerals
include serpentine minerals, magnetite, tremolite-actinolite,
epidote, chlorite, zeolite(?), and carbonates. Clinopyroxene
texture ranges from anhedral, with interlocking grains
forming mosaic-like patterns in some samples, to subhedral

Clinopyroxenite

Olivine clinopyroxenite
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Magnetite-
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Figure 11. Modal compositions of rocks of the layered sequence. A, Modal plagioclase (Pl), olivine (Ol), and clinopyroxene
(Cpx) contents. B, Modal magnetite (Mt), olivine (Ol), and clinopyroxene (Cpx) contents. C, Modal clinopyroxene (Cpx),
hornblende (Hbn), and olivine (Ol) contents. Dots, cpx-pl-mt-pl cumulate of unit Jp (fig. 4); circles, cpx-ol-mt cumulate of unit
Jp; solid boxes, cpx-ol-mt cumulate of unit J¢; open boxes, cpx-ol cumulate of unit Je.
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to euhedral, with locally laminated cumulus grains. Twin-
ning, exsolution lamellae or blebs of spinel, and inclusions
of olivine and magnetite in the clinopyroxene are common
features. In some samples, clinopyroxene lacks olivine in-
clusions; in others, it lacks magnetite inclusions. Clinopy-
roxene grain size ranges from fine to coarse (max 2 cm
across). Olivine generally forms subhedral to euhedral cu-
mulus grains but also anhedral grains that in some samples
make mosaic or adcumulate textures and in others fill inter-
stitial spaces between clinopyroxene. In a few samples, oli-
vine exhibits wavy or undulatory extinction.

Primary magnetite occurs as subhedral to euhedral
crystals, singularly or in branching groups, in interstitial
spaces and as inclusions in clinopyroxene. It exhibits vary-
ing amounts of exsolution of ilmenite and spinel, locally
forming patchy areas in some crystals of a sample but not in
other crystals of the same sample. In rocks containing less
magnetite, its grain size tends to be smaller than in rocks
containing abundant magnetite. Anhedral olive-brown to
brown hornblende occurs as interstitial material, as material
replacing clinopyroxene along cleavages, in patchy areas,
and as rims on silicate minerals and magnetite. In a few
samples containing much less than 1 volume percent horn-
blende, hornblende is associated with magnetite.

Biotite is an uncommon accessory mineral, occurring
in 2 out of 29 thin sections; in both samples it forms anhe-
dral grains associated with hornblende. In one thin section,
it also forms patches in clinopyroxene. Plagioclase, or sec-
ondary minerals after it, occurs in about 15 percent of the
samples. It forms blocky to irregular, anhedral crystals that
are interstitial to clinopyroxene, olivine, and magnetite. Ser-
pentine minerals and fine-grained, dusty magnetite, without
exsolution lamellae, are alteration products of olivine; the
degree of serpentinization varies. Brown hornblende, clino-
pyroxene, and, locally, olivine are replaced by tremolite-
actinolite; plagioclase is replaced by epidote, chlorite, and
zeolite(?). Some samples are cut by carbonate veins.

The order of crystallization, as implied by textures and
inclusions of olivine and magnetite in clinopyroxene, is oli-
vine and magnetite, followed by clinopyroxene, with con-
tinued crystallization of olivine and magnetite as cumulus
crystals in the clinopyroxene-olivine-magnetite cumulate.
Postcumulus crystallization must have included clinopyrox-
ene and olivine to make adcumulate textures. Hornblende
formed in interstices and by replacement of clinopyroxene.
Traces of biotite, sulfide minerals, and plagioclase also
crystallized as postcumulus material. At some point in the
cooling history, spinel exsolved from clinopyroxene, and
ilmenite from magnetite. Later alteration affected the oli-
vine and plagioclase.

Plagioclase-Rich Clinopyroxene-Olivine Cumulate

The plagioclase-rich clinopyroxene-olivine cumulate
consists predominantly of clinopyroxene-olivine-plagio-

clase-magnetite cumulate and minor amounts of clino-
pyroxene-olivine-magnetite cumulate. Both rock types
contain more than 14 volume percent plagioclase; in the
clinopyroxene-olivine-magnetite cumulate it is a postcu-
mulus mineral. Locally, the unit contains thin, discontinu-
ous layers of magnetite cumulate. Modal data, with the
various rock names that would be applied in the JUGS
classification, are plotted in figure 11. Most of the unit is a
hornblende-bearing olivine-magnetite gabbro or horn-
blende-bearing mela-olivine gabbro. The proportions of ol-
ivine to clinopyroxene and of olivine plus clinopyroxene
to magnetite are similar to those in the clinopyroxene-
olivine cumulate. The proportions of plagioclase to olivine
plus clinopyroxene vary widely (fig. 114).

Major minerals in the plagioclase-bearing clinopy-
roxene-olivine cumulate are clinopyroxene (32-61 vol-
ume percent), olivine (7-15 volume percent), plagioclase
(14-50 volume percent), magnetite (1-11 volume per-
cent), and brown hornblende (0.8—6 volume percent). Mi-
nor minerals are biotite, pyrrhotite, and chalcopyrite;
secondary minerals include serpentine minerals, mag-
netite, chlorite, sericite (muscovite?), epidote, tremolite-
actinolite, and zeolite.

Clinopyroxene forms subhedral, locally euhedral cu-
mulus crystals. In some thin sectionis, the crystal margins
are embayed and appear ragged; in others, clinopyroxene
crystals form interlocking textures. In one sample, some
of the clinopyroxene grains have recrystallized to make
finer grained mosaic necklaces on the margins of larger
clinopyroxene crystals. Twinning is a common feature,
and spinel exsolution is not as common as in the clinopy-
roxene-olivine cumulate. Four different combinations of
inclusions are present in clinopyroxene in different thin
sections. About 50 percent of the thin sections contain
clinopyroxene with both magnetite and olivine inclu-
sions; about 20 percent contain magnetite and plagioclase
inclusions; about 25 percent contain olivine, magnetite,
and plagioclase inclusions; and about 5 percent contain
magnetite inclusions only. Clinopyroxene grain size rang-
es from fine to coarse (max 1 cm diam).

Olivine forms subhedral cumulus crystals, euhedral
and anhedral in some thin sections. In some thin sections,
anhedral olivine appears to have extensive overgrowths
and fills interstitial spaces. Undulatory extinction is rare,
and two thin sections contained vermiform olivine-mag-
netite intergrowths. Olivine contains inclusions of euhe-
dral magnetite and, in a few thin sections, of euhedral
plagioclase.

Plagioclase generally forms blocky and (or) tabular,
subhedral cumulus crystals but in some thin sections is
anhedral and interstitial. Locally, patchy zoning is com-
mon. Where plagioclase forms inclusions in clinopyrox-
ene or olivine, it is euhedral and finer grained than
elsewhere in the rock. A few samples contain a bimodal
distribution of plagioclase grains consisting of a few larg-

16  Petrology, Mineralogy, and Geochemistry of the Lower Coon Mountain Pluton, Northern California



er, more euhedral crystals associated with more abundant,
blocky, subhedral, finer-grained crystals.

Primary magnetite occurs as subhedral to euhedral
crystals either singularly or in branching groups in inter-
stitial spaces and generally is finer grained than clinopy-
roxene and olivine. Exsolution lamellae of ilmenite and
spinel are irregularly distributed; some crystals in the
same thin section are exsolved, whereas others are not.
Magnetite inclusions in olivine generally do not contain
exsolution lamellae. Anhedral greenish-brown to brown
hornblende occurs as interstitial space-filling crystals, re-
placement of clinopyroxene in patches or along cleavages,
and rims on clinopyroxene, olivine, and magnetite. One
thin section contained veinlets of brown hornblende in ol-
ivine, and another vermiform intergrowths of hornblende
with magnetite.

Biotite, an uncommon accessory mineral, was ob-
served as interstitial anhedral grains or in association with
homblende in olivine crystals. Pyrrhotite crystals (10-15
um) form inclusions in silicates and oxides, slightly larger
(30-50 um) at grain boundaries. Chalcopyrite occurs as
inclusions in clinopyroxene and, less commonly, with pyr-
rhotite as inclusions in clinopyroxene. Olivine is altered to
varying amounts of serpentine minerals and dusty magne-
tite, whereas much of the plagioclase is altered to varying
proportions of epidote, chlorite, sericite, and zeolite.

The fine-grained euhedral inclusions in clinopyroxene
suggest that olivine, magnetite, and, in some rocks, plagio-
clase began crystallizing before clinopyroxene. The pres-
ence of magnetite inclusions in olivine is evidence that
magnetite began crystallizing before olivine. Olivine, mag-
netite, and plagioclase continued to crystallize along with
clinopyroxene to form the cumulus framework of the
rocks. Ragged, embayed clinopyroxene suggests some pe-
riod of clinopyroxene resorption during crystallization.
The occurrence of sulfide minerals as inclusions in silicate
and oxide minerals implies that they crystallized from an
immiscible sulfide liquid which was present early in the
crystallization history. Hornblende crystallized in part by
reaction with clinopyroxene and in part as interstitial
space-filling material. Later serpentinization and alteration
affected olivine and plagioclase.

The Intrusive Sequence

Layered Olivine-Clinopyroxene Cumulate

The layered olivine-clinopyroxene cumulate consists
predominantly of clinopyroxene-olivine cumulate and rare
clinopyroxene-olivine-magnetite cumulate. In contrast to
most of the layered sequence, these cumulates are charac-
terized by lower magnetite and plagioclase contents. Modal
data, with the various rock names that would be applied in
the IUGS classification, are plotted in figure 12. The pro-

portion of olivine to clinopyroxene varies and thus forms
the basis for the modal layering observed in this unit.

Major minerals in the layered olivine-clinopyroxene
cumulate are clinopyroxene (50-80 volume percent) and
olivine (6-39 volume percent). Minor minerals are horn-
blende (0.2-11 volume percent), magnetite (0.3-10.8 vol-
ume percent), plagioclase (0—4 volume percent), pyrrhotite,
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Figure 12. Modal compositions of the ultramafic rocks of the
intrusive sequence. A, Modal magnetite (Mt), olivine (Ol),
and clinopyroxene (Cpx) contents. B, Modal clinopyroxene
{Cpx), hornblende (Hbn), and olivine (Ol) contents. Dots, oli-
vine-clinopyroxene cumulate; circles, layered olivine-clino-
pyroxene cumulate; boxes, olivine cumulate.
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and chalcopyrite; secondary minerals include serpentine
minerals, magnetite, chlorite, epidote, sericite, hydrogros-
sular, and tremolite-actinolite.

Within the unit, clinopyroxene texture ranges from
anhedral to subhedral, with interlocking cumulus crystals
locally making a coarsely crystalline rock in some sam-
ples, to subhedral to euhedral, with locally elongate cumu-
lus crystals in others. Exceptions occur in the layers of
olivine cumulate within which clinopyroxene forms anhe-
dral poikilitic crystals. Twinning, spinel exsolution, and ol-
ivine and magnetite inclusions are common features; one
sample contained zoned clinopyroxene.

Olivine forms subhedral to euhedral cumulus crystals,
locally elongate. Undulatory extinction and kink bands are
relatively common in comparison with other units.

Greenish-brown to brown hornblende occurs as an-
hedral crystals in interstitial spaces and as replacement
of clinopyroxene on the margins of crystals, along
cleavages, and in patches. In some samples it forms poi-
kilitic crystals, and in others veins crosscutting olivine
and clinopyroxene. Plagioclase fills interstitial spaces as
blocky, anhedral to subhedral crystals but commonly is
completely altered to combinations of secondary miner-
als. Magnetite, with two sets of exsolution lamellae,
occurs in interstitial spaces, as inclusions locally associ-
ated with brown hornblende, and at triple junctions of

grains in rocks with interlocking textures. Some sections .

contain single grains of exsolved ilmenite associated
with magnetite. Traces of pyrrhotite associated with ser-
pentine minerals, and even rarer chalcopyrite as inclu-
sions in clinopyroxene, complete the list of primary
minerals. Serpentine minerals and fine-grained, dusty
magnetite without exsolution lamellae replace olivine.
Combinations of epidote, chlorite, hydrogrossular, and
sericite replace plagioclase. Tremolite-actinolite replaces
hornblende locally.

The crystallization order was olivine, locally with

magnetite, followed by clinopyroxene. Olivine continued

to crystallize as a cumulus mineral during the crystal-
lization of clinopyroxene. Hornblende, both as poikilitic
crystals and interstitial space filling, and plagioclase, as
interstitial space filling, form postcumulus material.
Hornblende also formed by reaction with clinopyroxene.
Later alteration produced the secondary minerals.

Olivine-Clinopyroxene Cumulate

The olivine-clinopyroxene cumulate consists of oli-
vine-clinopyroxene cumulate and clinopyroxene-olivine-
magnetite cumulate that contain less magnetite and plagio-
clase than does the layered sequence. Modal compositions
are similar to those of the layered olivine-clinopyroxene
cumulate but include more olivine-rich variations (fig. 12),
including some dunite that was not point-counted because
of the complete alteration of those rocks.

Major minerals in the olivine-clinopyroxene cumulate
are clinopyroxene (26-75 volume percent) and olivine (9-
70 volume percent). Minor minerals are magnetite (0.3-16
volume percent), hornblende (0.3-2.7 volume percent),
plagioclase (0-0.5 volume percent), rare biotite, and pyr-
rhotite; secondary minerals include serpentine minerals,
magnetite, chlorite, epidote, sericite, pyrite, tremolite-ac-
tinolite, and carbonates.

Twinned cumulus clinopyroxene forms ragged, inter-
locking, anhedral to euhedral, predominantly subhedral,
crystals containing subhedral to euhedral inclusions of oli-
vine and magnetite. Olivine occurs as subhedral cumulus
crystals, locally with subhedral to euhedral magnetite in-
clusions. Magnetite forms inclusions and subhedral to eu-
hedral clusters filling interstitial spaces and contains (111)
exsolution lamellae of ilmenite.

Greenish-brown to brown hornblende, locally as poi-
kilitic crystals, forms anhedral crystals that fill interstitial
spaces, replaces clinopyroxene at rims and cleavages and
as patches, and occurs as veins. Some of the hornblende
replacing clinopyroxene as patches extinguishes as single
hornblende crystals in single clinopyroxene crystals. Plagi-
oclase fills interstitial spaces and generally is completely
replaced by combinations of chlorite, epidote, and sericite.
Pyrrhotite occurs as inclusions in magnetite, interstitial to
clinopyroxene, and in -association with serpentine. Serpen-
tine minerals and dusty veinlets and spongy-appearing
areas of magnetite replace olivine. Pyrite occurs as cubes
(max 0.01 mm) in serpentine-mineral veinlets. Tremolite-
actinolite replaces hornblende and, locally, clinopyroxene.
Carbonates and serpentine minerals form the latest veinlet
system in the rocks.

Inclusions of olivine and magnetite within cumulus
clinopyroxene and of magnetite within cumulus olivine
suggest that magnetite crystallized first or at the same time
as olivine, followed by clinopyroxene. Plagioclase crystal-
lized as postcumulus material, as did hornblende, but the
hornblende crystallized in part as a reaction between clino-
pyroxene and the trapped or remaining magma.

Intrusive Feldspathic Pyroxenite

The intrusive feldspathic pyroxenite consists of plagio-
clase-clinopyroxene-olivine-magnetite cumulate and ranges
in modal composition from leuco-olivine-magnetite gabbro
to olivine gabbro in the ITUGS classification (fig. 13). This
unit contains the most plagioclase rich rocks in the Lower
Coon Mountain pluton.

Major minerals in the intrusive feldspathic pyroxenite
are plagioclase (49-81 volume percent), clinopyroxene (9-
30 volume percent) and olivine (5-16 volume percent). Mi-
nor minerals are hornblende (0.1-1 volume percent) and
magnetite (1-6 volume percent); secondary minerals are
serpentine minerals, magnetite, epidote, chlorite, sericite,
and tremolite. Plagioclase forms blocky, anhedral to subhe-
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dral cumulus crystals that exhibit some overgrowths and
are locally replaced by epidote, chlorite, and sericite. Clino-
pyroxene occurs as subhedral to euhedral, twinned cumulus
crystals with spinel exsolution lamellae and subhedral to
euhedral inclusions of magnetite, olivine, and plagioclase.
Olivine forms subhedral to euhedral cumulus crystals, gen-
erally in clusters. Magnetite fills interstitial spaces and oc-
curs as a secondary mineral associated with serpentine
minerals after olivine. Brown homblende fills interstial
spaces and occurs as patchy replacements in clinopyroxene.

Clinopyroxenite

Melaolivine

Anorthosit
northosite gabbro

Dunite

Troctolite \/
Pl 50 Ol

Pl
B
Anorthosite
hornblende
gabbro
Pyroxene
o hornblende
gabbro
Clino- Hornblendite
pyroxenite

Melapyroxene-
hornblende gabbro

\ Hornblende clinopyroxenite ] Clinopyroxene hornblendite7

Olivine Cumulate and Dunite

The olivine cumulate and dunite range in modal com-
position from clinopyroxene peridotite, through dunite and
clinopyroxene-hornblende peridotite, to hornblende perido-
tite (fig. 12B) in the IUGS classification. The unit contains
relatively small amounts of magnetite (fig. 12A).

The major mineral in the olivine cumulate and du-
nite is cumulus, subhedral to euhedral olivine (41-93
volume percent). Minor minerals are clinopyroxene (1-
33 volume percent), hornblende (0.3-21 volume percent),
magnetite (0.1-5 volume percent), pyrrhotite, and ser-
pentine minerals; secondary minerals are tremolite-
actinolite, epidote, chlorite, and hydrogrossular. Olivine
locally contains vermiform masses of magnetite, com-
monly near the margins of crystals. Clinopyroxene forms
anhedral, untwinned, poikilitic and interstitial-space-fill-
ing crystals that are partly replaced by brown hornblende
in patches and along cleavages. Elsewhere, brown horn-
blende forms poikilitic crystals, fills interstitial spaces,
and occurs as veins crosscutting olivine and clinopyrox-
ene. Magnetite occurs as subhedral to euhedral crystals
and groups of crystals filling interstitial spaces with (111)
and (100) exsolution lamellae of ilmenite, and as dusty,
feathery masses with serpentine minerals replacing oli-
vine. Pyrrhotite occurs in serpentinized olivine and in as-
sociation with primary magnetite. Chlorite, epidote, and
hydrogarnet fill interstitial spaces and completely replace
plagioclase (0-5.9 volume percent), and tremolite-actino- .
lite replaces clinopyroxene and brown hornblende.
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Figure 13. Modal compositions of mafic rocks of the intrusive sequence. A, Modal plagioclase (Pl), olivine (O}), and clinopy-
roxene (Cpx) contents. B, Modal clinopyroxene {Cpx), hornblende (Hbn), and plagioclase (Pl) contents. C, Modal magnetite
{Mt), olivine (Ol), and clinopyroxene (Cpx) contents. Dots, intrusive feldspathic pyroxenite; circles, gabbro.
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Gabbro

The gabbro consists of plagioclase-clinopyroxene-oli-
vine-magnetite cumulate, which in the IUGS classification
is best described as olivine-magnetite gabbro, olivine-
hornblende-magnetite gabbro, and mela-olivine-magnetite
gabbro (fig. 13). The proportion of olivine to clinopyrox-
ene plus plagioclase is fairly constant (fig. 134); the con-
tents of other minerals vary.

Major minerals in the gabbro are plagioclase (24-48
volume percent), clinopyroxene (1549 volume percent),
olivine (7-16 volume percent), hornblende (1-35 volume
percent), and magnetite (0.9-9 volume percent). Minor
and secondary minerals are biotite, serpentine minerals,
magnetite, epidote, chlorite, sericite, tremolite-actinolite,
and hydrogarnet. Plagioclase forms blocky to elongate,
subhedral cumulus crystals with local patchy zoning; in
some samples it occurs as anhedral interstitial-space-filling
material, and in others as poikilitic crystals. Clinopyroxene
occurs as subhedral to euhedral cumulus crystals but in
some thin sections is anhedral, embayed, with a ragged
appearance. Twinning and spinel exsolution are common
features. Near contacts with the country rocks, clinopyrox-
ene is strongly zoned and, locally elsewhere, less strongly
zoned. In thin sections, combinations of olivine, plagio-
clase, and magnetite form inclusions in clinopyroxene;
magnetite and olivine, and plagioclase and magnetite, are
the most abundant combinations. Olivine forms subhedral
to euhedral cumulus crystals or crystal clusters. Subhedral
to euhedral magnetite forms crystals filling interstitial
spaces and occurs as inclusions. Brown anhedral horn-
blende occurs interstitially, as rims, as replacement of cli-
nopyroxene, as large poikilitic crystals, and in minor
veins. Pale-yellow-brown biotite is an uncommon accesso-

40
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ry mineral. Olivine generally is highly altered to serpen-
tine minerals and dusty magnetite, as is plagioclase to
combinations of epidote, chlorite, sericite, and, locally, hy-
drogarnet. In a few thin sections, alteration of hornblende
and clinopyroxene to tremolite-actinolite is common.

From the inclusions in clinopyroxene, magnetite was
probably the first mineral to begin crystallizing in most of
the rocks, followed rapidly by olivine and plagioclase.
These minerals continued to crystallize as cumulus miner-
als while clinopyroxene crystallized. Postcumulus process-
es controlled the crystallization of hornblende.

Mineral Compositions

Analyses of minerals were done on an ARL EMX-
SM electron-probe microanalyzer at the U.S. Geological
Survey laboratory in Menlo Park, Calif., using a series of
natural and synthetic standards. Operating conditions for
the instrument were an excitation potential of 15 kV and
an aperture current of 25 to 30 mA. The raw data were
corrected for dead time and background; corrections for
mass absorption and fluorescence were made by the proce-
dure of Bence and Albee (1968), using the correction fac-
tors of Albee and Ray (1970). Each analysis represents the
mean of seven to nine analyzed points in each of at least
four grains. Fe>* content of clinopyroxene was calculated
by the charge-balance method of Papike et al. (1974).

Clinopyroxene

All the clinopyroxene compositions determined in the
Lower Coon Mountain pluton are diopsidic, according to
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Figure 14. Enstatite (En), ferrosilite (Fs), and wollastonite (Wo) contents of clinopyroxene in diopside of rocks of the layered (A)
and intrusive (B) sequences. Dots, plagioclase-rich clinopyroxene-olivine cumulate; circles, clinopyroxene-olivine cumulate.
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the nomenclature of Poldevaart and Hess (1951). Selected
electron-microprobe analyses of diopside, with calculated
mineral formulas for comparison among the various map
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Figure 15. Plagioclase content versus wollastonite (Wo) con-
tent of clinopyroxene in rocks of the layered sequence. Dots,
plagioclase-rich clinopyroxene-olivine cumulate; circles, cli-
nopyroxene-olivine cumulate; pc, postcumulus plagioclase.

units, are listed in table 3. The diopside compositions in
the layered sequence (fig. 14A) are indistinguishable from
those in the intrusive sequence (fig. 14B), and within the
two sequences the small variations in diopside composi-
tion do not seem to form trends within individual map
units. Within individual samples the variations in the Wo,
En, and Fs contents of diopside are less than +1.5 percent.
In the clinopyroxene-olivine-plagioclase-magnetite cumu-
lates, the Wo content of diopside partly appears to be di-
rectly related to the content of cumulus plagioclase (fig.
15). However, the Fs content of diopside does not appear
to be systematically related to olivine content (fig. 16).

Olivine

Olivine composition, as 100Mg/(Mg+Fe?*+Mn+Ni)
ratio, ranges from 70.3 to 82 in the Lower Coon Mountain
pluton, and in individual samples the variation is less than
=1.0 unit. Selected electron-microprobe analyses, with cal-
culated mineral formulas of olivine for comparison among
the various map units, are listed in table 4. The NiO con-
tent of olivine in relation to 100Mg/(Mg+Fe2++Mn+Ni)
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Figure 16. Olivine content versus ferrosilite (Fs) content of
clinopyroxene in rocks of the layered sequence. Dots, pla-
gioclase-rich clinopyroxene-olivine cumulate; circles, cli-
nopyroxene-olivine cumulate.
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ratio for the layered and intrusive sequences is plotted in
figure 17. The variation in the NiO content of olivine ap-
pears to be similar in both sequences and is apparently
correlated with 100Mg/(Mg+Fe“*+Mn+Ni) ratio. The Fs
content of diopside and the 100Mg/(Mg+Fe2*+Mn+Ni)
ratio in rocks of the layered sequence (fig. 18) appear to
be inversely related; however, the Fs content and modal
composition of olivine are unrelated (fig. 16). Because of
the limited number of data, a similar relation in the intru-
sive sequence is not readily apparent (fig. 18B); however,
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Figure 17. 100Mg/(Mg+Fe?*+Ni+ Mn) ratio versus NiO con-
tent of olivine in rocks of the layered (A) and intrusive (B)
sequences. Dots, plagioclase-rich clinopyroxene-olivine cu-
mulate; circles, clinopyroxene-olivine cumulate; triangles,
olivine cumulate.

there may be weak correlations between units of the lay-
ered sequence. The relation between magnetite content and
100Mg/(Mg+Fe?*+Mn+Ni) ratio in rocks of the layered
and intrusive sequences is plotted in figure 19. The limited
number of data preclude discussing the intrusive sequence.
In the layered sequence, there are two groups of samples:
those containing less than 5 volume percent magnetite and
those containing more than 6 volume percent. The occur-
rence of magnetite as inclusions in clinopyroxene in both
groups indicates that the magnetite is a cumulus mineral;
those rocks without magnetite inclusions fall outside both
groups. In both groups, 100Mg/(Mg+Fe?*+Mn+Ni) ratio is
directly related to magnetite content, particularly for the
plagioclase-rich clinopyroxene-olivine cumulate.

Plagioclase

Selected analyses of plagioclase and their mineral for-
mulas are listed in table 5. Within most rocks containing

CLINOPYROXENE
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Figure 18. 100Mg/(Mg+Fe?*+Mn+Ni) ratio of olivine versus
ferrosilite (Fs) content of clinopyroxene in rocks of the lay-
ered and intrusive sequences. Dots, plagioclase-rich clino-
pyroxene-olivine cumulate; circles, clinopyroxene-olivine
cumulate; boxes, layered olivine-clinopyroxenite cumulate;
triangles, olivine-clinopyroxene cumulate; 2, two analyses.
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olivine, the high degree of alteration of plagioclase limits
the potential for analysis. Patchy zoning and grain-to-grain
variation produce a maximum variation of 11 mol percent
in An content, but most samples show a variation of less
than 2 mol percent An. Plagioclase content ranges from
about Ang, to Angy, and Or content is low (fig. 20). Be-
cause the cumulus plagioclase content is related to the Wo
content of diopside (fig. 15), the An content of plagioclase
may be similarly related (fig. 21).

Interpretation of Mineralogic Relations

The observed relations between the Wo content of
clinopyroxene and the modal amount of cumulus plagio-
clase, the Fs content of clinopyroxene, the 100Mg/(Mg+
Fe2++Mn+Ni) ratio of olivine, and the modal amount of
magnetite all indicate parts of processes of crystalliza-
tion. For example, the relation between the modal
amount of magnetite and the 100Mg/(Mg+Fe?*+Mn+Ni)
ratio of olivine suggests that the activity of FeO in the
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Figure 19. Magnetite content versus 100Mg/(Mg+Fe**+Mn+
Ni) ratio of olivine in rocks of layered and intrusive sequenc-
es. Dots, plagioclase-rich clinopyroxene-olivine cumulate;
circles, clinopyroxene-olivine cumulate; boxes, layered oli-
vine-clinopyroxenite cumulate; triangles, olivine-clinopyrox-
ene cumulate.

magma was controlled by the fayalite-magnetite buffer
system during cumulus crystallization. In general, the
limited variations in composition of clinopyroxene, oli-
vine, and plagioclase also imply constraints on the proc-
esses of crystallization. In the following discussion of
vertical variations in the composition of cumulus miner-
als, these processes are more constrained.

Variations in Mineral Composition
with Stratigraphic Position

As demonstrated in the subsection above entitled
“Mineral Compositions,” the compositions of diopside, ol-
ivine, and plagioclase in the layered sequence overlap
those in the intrusive sequence. Units within both sequenc-
es also exhibit overlapping mineral compositions, some of
which may be due to differentiation of repeated influxes of
new batches of magma of similar composition. Within the
layered sequence, two stratigraphic columns were con-
structed by projecting samples onto two traverses, one in
the southwestern and the other in the southeastern seg-
ment. Figure 22 compares the variations in the composi-
tions of diopside, olivine, and plagioclase between these
two segments and correlates these variations with strati-
graphic position within each column.

Examination of figure 22 suggests little overall regu-
lar variation in the compositions of diopside, olivine, and
plagioclase with stratigraphic position. Individual units of
clinopyroxene-olivine cumulate and plagioclase-rich cli-
nopyroxene-olivine cumulate show both increases and
decreases in Fs, Fo, and An contents. Where sufficient
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Figure 20. Albite (Ab), orthoclase (Or), and anorthite (An)
contents of plagioclase in rocks of the Lower Coon Mountain
pluton. Dots, plagioclase-rich clinopyroxene-olivine cumu-
late; circles, clinopyroxene-olivine cumulate; boxes, layered
olivine-clinopyroxenite cumulate; triangles, olivine cumulate.
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ered sequence. Dots, plagioclase-rich clinopyroxene-olivine
cumulate; circles, clinopyroxene-olivine cumulate.

data are available, there appear to be breaks in composi-
tion across rock-unit boundaries. There is no overall
trend in compositional variations in the minerals within
the southwestern segment. In the southeastern segment,
however, the Fs content of diopside tends to decrease,
and the Fo content of olivine to increase, overall from
the top to the bottom of the section. Thus, there is a
weak suggestion of an Mg enrichment in mafic minerals
upward in the southwestern segment but little evidence
for it in the southeastern segment. If the more extreme
maximums and minimums for Fs, Fo, and An contents
are excluded, mineral composition remains fairly constant
with stratigraphic position.

Lateral Variation in Modal Hornblende

The range in hornblende content from a few tenths of
a volume percent to more than 35 volume percent in
rocks of the Lower Coon Mountain pluton does not seem
to be a property of individual rock units alone. Homn-
blende contents of a few tenths to 2-3 volume percent,
texturally in the cumulate rocks, represent interstitial-
space-filling materials, poikilitic hornblende crystals, and
minor patchy replacements of diopside. As the hornblende
content increases, the diopside content decreases until
much of it is replaced by brown hornblende. In the more
hornblende rich samples, crosscutting of olivine and diop-
side by veinlets of brown hornblende suggests a very late
stage process in the crystallization history of the rocks.
The distribution of hornblende in the pluton is illustrated
in figure 23 by contours of greater than 4 volume percent
and greater than 10 volume percent hornblende. Two ma-
jor areas, one in the northern segment and the other in the
southeastern segment, are richest in homblende. The con-
tact of the pluton with country rocks along this part of the
northern segment is predominantly intrusive, as is the
contact along the hornblende-rich part of the southeastern
segment.

GEOCHEMISTRY

Selected rock, soil, and stream-sediment samples
from the Lower Coon Mountain pluton were analyzed for
major, trace, and platinum-group elements (PGE’s) to
characterize the geochemical environment of the pluton.
Most of the trace-element and PGE analyses were per-
formed to evaluate the potential for a precious-metal
deposit within or on the margins of the pluton. Major-
element analyses of rock samples, in combination with
Cross-Iddings-Pirsson-Washington (CIPW) norms and
modal data, were done to trace the petrologic and geo-
chemical development of the pluton and to allow compari-
sons with other similar plutons.
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Analytical Techniques and Calculation Methods

Major elements were analyzed by X-ray-fluorescence
(XRF) methods at U.S. Geological Survey laboratories,
using a variation of the borate-flux method of Fabbi (1972);
FeO, H,O+, H,0O-, and CO, content were determined by
conventional methods, as described by Shapiro (1975).
Trace elements were analyzed by direct-read quantitative
emission-spectrographic or visual six-step semiquantitative
emission-spectrographic techniques, as indicated in tables
13 and 14. Elements not found above the detection limits
(in parentheses) are Ag (0.5 ppm), As (1,000 ppm), Au (20
ppm), Be (1 ppm), Bi (10 ppm), Cd (50 ppm), Mo (3 ppm),

Sb (150 ppm), Sn (10 ppm), Te (2,000 ppm), U (500 ppm),
W (100 ppm), Ge (10 ppm), Hf (100 ppm), In (10 ppm), Li
(100 ppm), Re (50 ppm), Ta (500 ppm), Th (200 ppm), and
Tl (50 ppm). Pt, Pd, and Rh contents were determined by
fire-assay/atomic-absorption techniques, as described by
Haffty and others (1977), Simon and others (1978), and
Page and others (1980). Ir and Ru contents were deter-
mined by fire-assay and emission-spectrographic tech-
niques (Haffty and others, 1980).

CIPW norms were calculated by using a version of the
PETCAL program (Bingler and others, 1976). The exten-
sive development of secondary magnetite due to serpentini-
zation makes it difficult to reconstruct the original FeO and
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Fe,O; contents before serpentinization, and the proportions
of these constituents severely affect normative calculations.
The variation in Fe,TO3 content with loss on ignition
(LOI), which is an approximation of the HyO and CO,
contents of the ultramafic-rock samples and thus of the de-
gree of alteration, is plotted in figure 24. The relation of
Fe,TO5 content to LOI demonstrates the problem in cor-

41°

recting for secondary magnetite. Samples of clinopyroxene-
olivine cumulate are richer in magnetite than those of other
rocks but also show an increase in Fe,TO3 content caused
by serpentinization. Several different approaches were tried
to adjust these values so as to make the CIPW norms and
mineral compositions approach the modal data and the ana-
lyzed olivine and clinopyroxene compositions. For some
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Figure 23. Geologic sketch map of the Lower Coon Mountain pluton, showing distribution of brown hornblende (in volume
percent). Solid line encompasses area of greater than 10 volume percent hornblende; dashed line encompasses area of greater

than 4 volume percent hornblende. See plate 1 for explanation.
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units, the determined FeO and Fe,O5 contents appear to
provide the more realistic CIPW norms, for others setting
Fe,O5 content equal to 0.5 weight percent, and for others
using the correction of Irvine and Baragar (1971). The
Na,O and K,O contents of many samples are below the
detection Iimits of 0.15 and 0.02 weight percent, respec-
tively. For CIPW norm calculations, Na,O and K,0O con-
tents were set at the detection limit or above, as measured.
This setting introduces trace amounts of leucite or ortho-
clase and nepheline or albite that are too large, and these
normative components may be absent in some samples.
However, the FeO/Fe,O5 ratio much more widely affects
whether the rock is nepheline or hypersthene normative.
The presence of hornblende and nonquadrilateral clinopy-
roxene in diopside also affects the CIPW-norm calcula-
tions, tending to increase the contents of normative albite,
hypersthene, magnetite, and nepheline. The presence of ap-
atite in the norm for most samples results from using the
detection limit of P,Os in the calculations.

The modal data were based on thin sections, and 800
or more points were counted. Alteration products were
counted as primary minerals where textural relations al-
lowed interpretation.

Rock Geochemistry

Country Rocks

Analyses of shale, volcaniclastic rocks, hornfels, and
amphibolite from the adjacent country rocks are listed in
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Figure 24. Fe,TO; content versus loss on ignition in ultrama-
fic rocks of the layered and intrusive sequences. Dots, layered
olivine-clinopyroxenite cumulate; circles, olivine-clinopyrox-
ene cumulate; boxes, olivine cumulate; triangles, clinopyrox-
ene-olivine cumulate.

table 6, and the locations of samples are shown on plate 1.
The major element composition of the shale samples are
similar to the composition of average shales reported by
Pettijohn (1957, p. 344) and do not appear unusual, nor do
the trace-element compositions. However, the presence of
parts per billion of palladium and platinum in the shale
samples is unusual. The volcaniclastic-rock sample has a
bulk composition approaching that of a basalt, suggesting
that it was derived from the weathering of mafic volcanic
rocks. Both the shales and volcaniclastic rocks have been
contact metamorphosed to hornfels and amphibolite. Ma-
jor changes in Ca0O, Na,O, and K,O contents appear to
result from the metamorphism of shale to hornfels (com-
pare the shale analysis with that of sample 82CMG100).
Thus, the hornfels has higher CaO and Na,O contents than
its protolith.

The Layered Sequence

The bulk compositions of the two units in the layered
sequence are similar except for higher NayO, K;0, Al,O3,
and Sr contents in the plagioclase-rich clinopyroxene-oli-
vine cumulate (table 7). This difference reflects the plagio-
clase content of the unit. The average compositions of
units in the layered sequence are listed in table 8, and the
locations of samples are shown in plate 1. Trace-element
contents are also similar, except for the Cu- and Cr-rich
samples of the plagioclase-rich clinopyroxene-olivine cu-
mulate. Sample 84CM81 has visible secondary Cu miner-
als developed along fractures and is enriched in Pd and Pt
relative to the other samples.

CIPW norms, in both the selected Fe,O3-adjusted and
nonadjusted calculations, approach the observed modal
data and agree favorably if the mode is converted to
weight percent. The content of normative magnetite is
generally higher than that of modal magnetite and reflects
the nonquadrilateral Fe O, component in diopside, as does
part of the contents of normative anorthite and hyper-
sthene. The normative-mineral compositions also approach
the analytical compositions of diopside (table 3) and oli-
vine (table 4). Plots of normative Di, Fo, and An, which
show a compositional overlap between the two units and
an enrichment in plagioclase (fig. 25), demonstrate that the
samples analyzed approach eutectoid compositions.

The Intrusive Sequence

Chemical analyses, CIPW norms, and modal data for
rock samples from the intrusive sequence are listed in ta-
bles 9 and 10. Compositions of the layered olivine-clinopy-
roxene cumulate and the olivine-clinopyroxene cumulate
are similar but differ from that of the olivine cumulate and
dunite in higher CaO and lower MgO contents, on average
(table 11). The gabbro, as would be expected, is enriched in
plagioclase-forming components. In comparison with the
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layered sequence, ultramafic rocks of the intrusive se-
quence have lower TiO, and higher MgO contents (com-
pare tables 8, 11). More than half the samples from the
intrusive sequence are nepheline normative, and the CIPW
norms compare well with the modal data. Figure 26 com-
pares the CIPW norms for the intrusive sequence, showing
the difference in plagioclase contents between the gabbro
and the ultramafic rocks.

Postplutonic Intrusive Rocks

The compositions of four dikes are listed in table 12.
Samples 82CMG137 and 82CMG138 represent the cli-
nopyroxene phenocryst-rich basalt to andesite dikes; the
other two samples are from hornblende diorite dikes. Sam-
ple 82CMG138 contains xenoliths of shale. Normative-
mineral data for the dikes plot in the diopside field on Di-
Fo-An diagrams (fig. 25), showing that their compositions
differ from those of other rocks of the pluton, as does a
comparison of CIPW norms.

Comparison of Compositions
of the Layered and Intrusive Sequences

MgO, TiO,, Co, Cr, Ni, V, Pt, and Pd contents were
selected for comparison of the two sequences and of the
units within each sequence. The TiO, and MgO contents of
rocks of the pluton are listed in tables 7, 9, and 10 and
plotted in figure 27. For each sequence, the variation in

Forsterite

\5{) Fo
Figure 25. Normative anorthite (An), forsterite (Fo), and diop-'
side (Di) contents of rocks of the layered sequence, with An-
Fo-Di system of Osborn and Tait (1952) superimposed. Dots,

plagioclase-rich clinopyroxene-olivine cumulate; boxes, cli-
nopyroxene-olivine cumulate.

TiO, content with MgO content is about the same; the TiO,
content of the rocks, in general, is inversely related to MgO
content. However, all but one sample from the layered se-
quence plots at the higher end of the range in TiO, content.
Each rock unit, as illustrated by the average content (tables
8, 11), is more heavily represented in a particular segment
of the total range in TiO, content. Co, Cr, and Ni contents
tend to increase with increasing MgO content (fig. 28), and,
as with the variation in TiO, content with MgO content, the
sequences and rock units vary over particular segments of
the total range in their Co, Cr, and Ni contents. Individual
rock units in each sequence, on average, tend to increase in
Co, Ni, and Cr contents from oldest to youngest in the
order of emplacement, except for the gabbro, which has the
lowest Co, Ni, and Cr contents. The intrusive sequence is,
in general, enriched in these elements relative to the layered
sequence. The pattern of variation in V content (fig. 28D) is
similar to that in TiO, content; rocks of the layered se-
quence tend to be V rich in comparison with those of the
intrusive sequence. Other trace elements do not show such
simple variations in relation to magnesium and appear to be
more irregularly distributed. Pd content (fig. 294) shows no
correlation, and Pt content (fig. 29B) relatively little corre-
lation, with MgO content.

Spatial Distribution of Selected Trace Elements

On the basis of the summary of chemical data listed in
tables 8 and 11 and plotted in figure 28, Ni, Cr, and V were

Forsterite

Figure 26. Normative anorthite (An), forsterite (Fo), and diop-
side (Di) contents of rocks of the intrusive sequence, with
An-Fo-Di system of Osborn and Tait {(1952) superimposed.
Dots, olivine cumulate; circles, gabbro; boxes, layered oliv-
ine-clinopyroxenite cumulate; triangles, olivine-clinopyrox-
ene cumulate.
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selected to show the spatial distribution of trace elements.
The analytical data plotted in figures 30 through 36 are
listed in table 13. Figure 30 shows that most of the Ni
contents higher than 300 ppm in rocks occur in the olivine-
clinopyroxene and the olivine cumulate and dunite; thus,
higher Ni content predominantly reflects a higher olivine
content in these units. This result, in combination with the
data plotted in figure 17, implies that nickel occurs in oli-
vine because anomalous Ni contents are always associated

with olivine-rich rocks. Thus, nickel occurs predominantly
in olivine and not in a sulfide phase. Ni contents of less
than 100 ppm occur in the clinopyroxene-olivine cumulate,
the plagioclase-rich clinopyroxene-olivine cumulate, and
the gabbro; intermediate Ni contents occur in the layered
olivine-clinopyroxene cumulate. Each unit appears to have
a relatively restricted range of Ni content. Comparison of
the modal composition of olivine in the various units
suggests that the olivine content of many of these rocks
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Figure 27. MgO versus TiO, content in rocks of the layered and intrusive sequences. Same unit symbols as in figure 4.
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(compare figs. 11, 12) is nearly identical. Therefore, the
distribution of nickel in the rocks not only reflects the pro-
portion of olivine but also different Ni contents of olivine
in the various units, such that Ni content is higher in the
intrusive sequence than in the layered sequence.

The lowest Cr contents were measured in samples of
the clinopyroxene-olivine cumulate and the gabbro of the
intrusive sequence (fig. 31). In the layered olivine-clinopy-
roxene cumulate, olivine cumulate and dunite, and olivine-
clinopyroxene cumulate, most Cr contents are higher than
800 ppm. The distribution of chromium within the various
units is overall similar to that of nickel; however, the vari-
ation in Cr content is greater than in Ni content within the
same units.

The spatial distribution of vanadium in rocks of the
pluton is plotted in figure 32. All except one V content
greater than 500 ppm were measured in samples from the
southwestern and eastern parts of the northern segment.
Rock samples from the layered sequence also have more
V contents above 350 ppm, in addition to those above 500
ppm, whereas those from the intrusive sequence have low-
er V contents. The distribution of vanadium between the
two sequences correlates with that of magnetite, such that
the layered sequence is richer in magnetite than is the in-
trusive sequence.
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MgO CONTENT, IN WEIGHT PERCENT

Copper substitutes in olivine, diopside, and plagioclase
at very low levels, and relatively high Cu contents indicate
that sulfide minerals are present in the rocks. The Cu con-
tents summarized in tables 8 and 11 suggest that the distri-
bution of copper in the rocks is unrelated to the mappable
units and sequences of the pluton; figure 33 also supports
this conclusion. Al but one sample (pyritiferous shale) with
a Cu content equal to or higher than 150 ppm occur in the
northern segment of the pluton. Many high Cu contents in
this segment occur near the margins of the pluton; figure 33
shows the distribution of modal hornblende, which demon-
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strates that high Cu contents are associated with the horn-
blende-rich areas. Cu contents between 70 and 149 ppm are
scattered through the pluton; some are related to margins or
faults, others to the hornblende-rich areas, and still others
to no obvious feature. The association of Cu-rich areas with
hornblende-rich areas may imply that the development of
minor amounts of copper sulfide minerals is related to the
timing and crystallization of magmatic hornblende and may
not represent an immiscible-sulfide-melt event in the crys-
tallization history of the pluton.

The distributions of platinum and palladium in rocks
of the pluton are plotted in figure 34 and listed in table 13.
There appears to be no correlation of Pt or Pd content
with spatial position in the pluton, or with rock type or the
intrusive sequence.
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Figure 29. MgO versus Pd (A) and Pt (B) contents in rocks of the layered and intrusive sequences, based on analyses listed
in tables 7, 9, and 10. Dots, gabbro and olivine cumulate units, undifferentiated; circles, olivine-clinopyroxene cumulate
and layered olivine-clinopyroxene cumulate units, undifferentiated; x’s, clinopyroxene-olivine cumulate and plagioclase-

rich clinopyroxene-olivine cumulate, undifferentiated.

32  Petrology, Mineralogy, and Geochemistry of the Lower Coon Mountain Pluton, Northern California



Soil Geochemistry

A reconnaissance soil geochemical survey, based on
samples from hand-augered holes, was done to explore the
feasibility of using soil samples to search for PGE-rich
areas. Samples were collected at measured intervals down-
hole and analyzed by a six-step spectrographic method.
Platinum, palladium, and rhodium were determined by fire-
assay/atomic-absorption techniques, and selected samples
were analyzed for gold and silver. The results are listed in

table 14 for selected trace- and platinum-group elements by
soil-sample interval and protolith. The distribution of plati-
num in soils is plotted in figure 35, and the locations of soil
samples are listed in table 14. Samples used to represent the
protolith are from the nearest outcrop of the appropriate
rock type on which the soil was developed. Elements not
found above the detection limits (in parentheses) include
Ag (<0.05 ppm), As (1,000 ppm), Au (20 ppm), B 20 ppm),
Be (1 ppm), Bi (20 ppm), Cd 150 ppm), La 30 ppm), Mo (3
ppm), Nb (10 ppm), Pb 10 ppm), Sb (150 ppm), Sn (10
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Figure 30. Geologic sketch map of the Lower Coon Mountain pluton, showing distribution of nickel in rock samples. See plate

1 for explanation.
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ppm), Te (1,000 ppm), V (500 ppm), W (100 ppm), Zn (300
ppm), Ce (200 ppm), K (0.7 weight percent), and P (0.2
weight percent). Ba, Se, Sr, Na, and Ga were detected in
the soil samples but are not listed in table 14.

Pd content in the soil samples ranges from less than 1
to 33 ppb and averages about 3 ppb, with a standard devia-
tion of 6 ppb. Pt content ranges widely from 17 to 181 ppb
and averages about 70 ppb, with a standard deviation of 48
ppb. In 1985, the Polar Resources Co. completed a soil-
sample survey over the Lower Coon Mountain pluton
(C.W. Hunt, written commun., 1985) that consisted of 408

41° 123° 57* 30"

samples collected on a grid system. The samples were ana- -
lyzed by fire-assay/atomic-absorption techniques for plati-
num. Pt contents ranged from 1 to 337 ppb and averaged
51.4 ppb, with a standard deviation of 59.9 ppb; two maxi-
mums were 225 and 425 ppb. Thus, the results from this
larger survey are compatible with those of the reconnais-
sance survey.

Profiles for the distribution of platinum in selected au-
ger holes (fig. 36) indicate that in 6 of the 12 profiles, Pt
content is highest in the lowest interval sampled, and in 4
of the 12 profiles, in the middle interval sampled. This re-
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Figure 31. Geologic sketch map of the Lower Coon Mountain pluton, showing distribution of chromium in rock samples. See

plate 1 for explanation.
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connaissance study suggests that the lower to middle inter-
vals of the profiles are Pt rich; however, analyses of other
selected trace elements suggest that they have not been en-
riched in the lower intervals. The top parts of the soil pro-
files consist of dark-reddish-brown laterite except for
samples 22CM81, 31CM81, and 62CM81, which contain
abundant organic material. Locally, some of the soils con-
tain iron oxide pellets, which were excluded from the sam-
ple. The lower parts of soil are light-tan to brown laterite
containing semidecomposed pieces of protolith in their

4r° 123° 57 30"

lowest parts. Generally, the hand-augered holes were not
continued into soil containing semidecomposed protolith.
The highest Pt content in a single auger hole is plotted in
figure 35. No spatial-distribution patterns are discernible
for platinum in the soils, owing to the limited number of
samples collected in the reconnaissance study.

The Pt and Pd contents of rock samples from the plu-
ton (fig. 34) range from less than 10 to 230 ppb and from
less than 1 to 47 ppb, respectively. Most Pt contents range
from less than 10 to 30 ppb, and most Pd contents from less
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Figure 32. Geologic sketch map of the Lower Coon Mountain pluton, showing distribution of vanadium in rock samples. See

plate 1 for explanation.
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than 1 to 10 ppb. The immediate protoliths of the soil sam-
ples (table 14) reflect these ranges in Pt and Pd contents.
Calculated ratios of Pt and Pd contents in soils versus the
protoliths (table 14) demonstrate that both elements tend to
be concentrated in the soils with respect to the protoliths.
Platinum is enriched in soils as much as 7 times, and palla-
dium as much 4 times, above the protoliths. On the aver-
age, both elements are enriched about twice as much in the
soils as in the protolith. Other trace elements, such as Co,
Cr, V, Ni, and Cu, are enriched in the soils by about the

same factor as, or more than, the protoliths. Copper gener-
ally is the most enriched trace element in the soils.

PETROGENETIC DISCUSSION
AND CONCLUSIONS

Field, petrologic, and geochemical evidence indicates
that the Lower Coon Mountain pluton was formed by frac-
tional crystallization from at least two magmas and thus pro-
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Figure 33. Geologic sketch map of the Lower Coon Mountain pluton, showing distribution of copper in rock samples. See

plate 1 for explanation.
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duced cumulates of clinopyroxene, olivine, magnetite, and
plagioclase in various proportions. Increases in Ni, Cr, and
Co contents relative to MgO content in rock units from
youngest to oldest of both the layered and intrusive sequenc-
es are strong evidence for fractional crystallization. Limited
variations in major-element composition of the minerals in
both sequences suggest complexities to a simple process.
Various questions need to be addressed to attempt to resolve
some of the apparent conflicts: (1) What was the composi-
tion of the magma(s) involved? (2) What were the processes

Ar° 123° 57* 30"

of crystallization? and (3) Were the magmas saturated with
sulfur, so that they could have produced PGE concentra-
tions? In this section, these questions are addressed and eval-
vated with respect to the potential for a PGE deposit
associated with the Lower Coon Mountain pluton.

Consideration of Magma Compositions

Geologic, petrologic, and geochemical evidence indi-
cates at least two major introductions of magma to form the
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Figure 34. Geologic sketch map of the Lower Coon Mountain pluton, showing distribution of platinum and palladium in rock

samples. See plate 1 for explanation.
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Lower Coon Mountain pluton. No fine-grained marginal
rocks with the appropriate geologic relations to the pluton
have been identified that might represent these magma
compositions. Because the rocks are cumulates, no individ-
ual rock type represents a liquid composition. If we assume
that all the introduced magma crystallized by fractional
crystallization and remained where it was emplaced—that
is, a totally closed system—then an average composition of
the pluton could represent a parental liquid. If we assume,
however, that the introduced magma produced the cumulus

41° 123° 57* 30"

products observed and extrusive volcanic products not ob-
served—that is, an open system—then an average composi-
tion of the pluton will not represent a parental liquid. In the
layered sequence, repetitive cycles and the absence of ex-
treme variation in mineral composition between or within
cycles suggest either the introduction of an extremely large
volume of magma at one time, with a convection process to
produce the cycles and a large volume of magma to keep
compositions similar; or multiple introduction of smaller
batches of magma with closely similar compositions. The
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excess magma from cumulates of the layered sequence is
absent in the intrusion, most likely removed as extrusive
volcanic products. The intrusive sequence also contains cu-
mulates that, as evidenced by crosscutting relations, imply
the introduction of a sequence of magmas whose total prod-
ucts as rocks are absent in the pluton. Therefore, the com-
bined geologic and chemical evidence strongly suggests
that the Lower Coon Mountain pluton represents the cumu-
lus products from an open system in which part of the
products are missing.

41° 123° 57" 30"
47

Nevertheless, average compositions of the sequences
and pluton were calculated for comparison with the Duke
Island ultramafic complex, Alaska (Irvine, 1974). Besides
the above considerations, the extent to which these averag-
es represent initial magmas depends on the mechanics of
the computations, the representativeness of rock analyses
of a unit, and assumptions that the outcrop areas of units
represent the composition of the intrusion. The average
compositions of the layered and intrusive sequences (cols.
1, 2, table 15) emphasize the differences in major-element
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Figure 35. Geologic sketch map of the Lower Coon Mountain pluton, showing distribution of platinum in soil samples. See
plate 1 for explanation and figure 36 for platinum data for selected samples (numbered).
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contents between the two sequences. The layered sequence
has higher total Fe and TiO, contents than the intrusive
sequence, as reflected in the modal data by higher magne-
tite contents; it also has higher total Al,O; contents. In
comparison with the Duke Island ultramafic complex (col.
4, table 15), the Lower Coon Mountain pluton (col. 3, ta-
ble 15) has, on average, slightly lower SiO, contents and
higher total Fe and TiO, contents, but nearly the same
composition within the errors of the calculations.
Recalculated analyses (cols. 5-9, table 15) demon-
strate that similar statements or arguments about the crys-
tallization of ultrabasic magmas made by Irvine (1963,
1974) and Presnall (1966) for the Duke Island ultramafic

complex, Alaska, could be made for the Lower Coon
Mountain pluton: (1) fractional crystallization of olivine,
rich in inagnesium, at the liquidus temperature, later
joined by diopside, and still later by diopside and spinel
(Presnall, 1966); (2) potential cotectic precipitation of oli-
vine and diopside (Irvine, 1963, 1974; Presnall, 1966); (3)
low SiO, activities (Irvine, 1974); (4) high Fe,O3 activi-
ties (Irvine, 1974); (5) a maximum formation temperature
of olivine-clinopyroxene cumulate of 1,389°C (Irvine,
1974); and (6) possible buffering of oxygen fugacity by
water (Presnall, 1966; Irvine, 1974). Although, in general,
all of these statements are probably applicable, without the
rest of the magma system they are impossible to document
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in detail. More recent interpretations of the petrogenesis of
Alaskan-type complexes involve crystallization differentia-
tion of basaltic magmas to produce the observed cumu-
lates (Murray, 1972; Irvine, 1974; Himmelberg and others,
1986). The exact composition of such magmas remains
obscure and under debate.

Other evidence concerning the composition of the
magmas involved in the Lower Coon Mountain pluton
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may be inferred from clinopyroxene compositions. LeBas
(1962) and Leterrier and others (1982) appear to have suc-
cessfully discriminated clinopyroxenes that crystallized
from subalkaline, peralkaline, and normal alkaline mag-
mas. Higher Ca, Ti, and Al contents tend to characterize
those clinopyroxenes that crystallized from alkaline mag-
mas, whereas lower contents tend to characterize those
that crystallized from subalkaline magmas. LeBas (1962)
showed that the Al and Ti contents of clinopyroxene in-
crease as the composition of the magma changes from per-
alkaline through alkaline to subalkaline. The similar
compositions of clinopyroxene with respect to Al,O3 con-
tent (fig. 374) and TiO, and ALY contents (fig. 37B) in
both the layered and intrusive sequences indicate that the
parental magmas were subalkaline to alkaline in composi-
tion. Clinopyroxenes in the Duke Island ultramafic com-
plex (Irvine, 1974) and in the Blashke Islands, Alaska
(Himmelberg and others, 1986), are also plotted in figure
37 for comparison. Clinopyroxenes in the Duke Island ul-
tramafic complex are nearly identical in composition to
those in the Lower Coon Mountain pluton, whereas those
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Figure 37. Modal compositions of clinopyroxene in rocks of the Lower Coon Mountain pluton, Duke Island, and Blashke
Island. A, SiO, versus Al,O; content. B, Proportion of tetrahedral Al'Y versus TiO, content. For comparison, Duke Island data
from Irvine (1974), Blashke Island data from Himmelberg and others (1986), and boundaries between compositional fields

from LeBas (1962).
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in the Blashke Islands have lower Al,O3, TiO,, and AI'Y-
contents and thus crystallized from less alkaline magmas
than those in the Lower Coon Mountain pluton.

Crystallization of the Magmas

The subalkaline magmas that formed all the rock
units of both the layered and intrusive sequences of the
Lower Coon Mountain pluton crystallized magnetite first,
as evidenced by its occurrence as inclusions in all other
cumulus phases. In most of the units, magnetite was close-
ly followed by olivine, or olivine and magnetite were the
first products of crystallization. Except in the gabbro, cli-
nopyroxene was next to crystallize as a cumulus mineral,
and, apparently, olivine and magnetite continued to crys-
tallize with clinopyroxene. In the gabbro, plagioclase pre-
ceded clinopyroxene and continued to crystallize with
clinopyroxene, as did olivine and magnetite. Minor varia-
tions on these general sequences of crystallization are
found in the plagioclase-rich clinopyroxene-olivine cumu-
late of the layered sequence, where in some rocks plagio-
clase crystallized before clinopyroxene, and in other rocks
clinopyroxene appears to have been resorbed sometime af-
ter its initial crystallization. In the cumulus rocks, plagio-
clase, hornblende, and other accessory minerals are
postcumulus and partly crystallized in the interstices be-
tween the cumulus minerals. Clinopyroxene, olivine, and
plagioclase also crystallized as overgrowths on the cumu-
lus minerals. Hornblende formed partly by replacement of
clinopyroxene and, where abundant, appears to have
formed by a very late stage process, as evidenced by its
spatial concentration in areas near contacts, without regard
to rock type.

Sulfur Saturation in the Magmas

Very few of the rock samples from all units of the
layered and intrusive sequences seem to have been saturat-
ed in sulfur when the cumulus minerals crystallized. If the
subalkaline magmas had been so saturated, an immiscible
sulfide liquid would have been produced, some of which
would probably have been trapped as inclusions in the cu-
mulus minerals. A few samples of the plagioclase-rich cli-
nopyroxene-olivine cumulate contain inclusions of
chalcopyrite and pyrrhotite in clinopyroxene, an observa-
tion suggesting that the magma forming this unit may
have been saturated in sulfur. Rocks of the other units
contain sulfide minerals, but only at grain boundaries and
in interstices. In summary, the rocks of the Lower Coon
Mountain pluton show little evidence for sulfide saturation
early in the crystallization history of the magmas that pro-
duced the rocks.

Potential for Platinum-Group-Element Deposits

The rock and soil geochemical surveys suggest that
the potential for a large-tonnage, high-grade PGE deposit
associated with the Lower Coon Mountain pluton is small.
Consideration of the absence of evidence for sulfide satu-
ration before or during crystallization of the pluton also
suggests the absence of this magma-concentration process
to form such a deposit.
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Table 3. Chemical compositions and structural formulas of selected samples of clinopyroxenes from rocks of the Lower Coon
Mountain pluton

[Major-element-oxide analyses in weight percent.Iron determined as FeO; Fe,0,, FeO, F 3+ and Fe?* calculated from assumed stoichiometry, using the
program of Papike and others (1974). —, not detected; +. standard deviation. Number in parentheses after unit symbol indicates number of analyses of
sample averaged to give values reported]

Sample—-—— 82CMG15 82CMG19 82CMG21 82CMG37 82CMG43 82CMG45 82CMG64 82CMG75. 82CMG78 82CMG82 82CMG9% 82CMG110
Unit (fig. 4}—-  Jp(3) Ip Je(2) Ji9) JIG) Je Jg Ip Je®) Je n Je
Major-element oxides
SiOy -— 51.7415 50.2 539 - 513401 50.8+08 518 52.1 526 50.6 51.0 51.0 51.6
ALO3——— 2.7741.19 344 90 2.88+0.16 3.86+0.63 3.15 1.66 2.14 322 246 3.07 2.00
TiOp—-———- 49+0.19 83 12 464003  .67+0.06 .67 22 60 84 37 .63 54
Cry03——mmm .02+0.02 02 52 084007  .05+0.05 .05 02 02 02 02 27 04
Fe;O3—————- 1.84+1.06 371 69 3474025 226403 234 246 88 1.96 334 2.08 1.96
FeO ———-—— 4.93+0.64 445 251 2944024 4.0540.23 485 3.18 7.00 5.18 213 4.66 412
MnO—-———  .13+0.01 25 11 114001 1740.02 25 24 27 21 17 .18 19
MgO———— 154404 145 179 15.3+1 15.1+0.3 153 164 152 150 164 15.2 15.7
CaO———— 224409 225 23.7 23.9+1 22.940.7 226 237 217 2211 232 222 2.7
NayO = 2140.10 32 10 194001 .19+0.03 21 12 29 21 15 26 17
Total —-—  99.89 100.22 100.45 100.63 99.95 101.35 100.11 100.70 99.34 99.28 99.55 99.08
Formula per four cations
Si o 1908 1.861 1955 1.882 1.874 1.890 1.919 1.935 1.885 1.888 1.892 1.919
ANV 092 139 038 118 126 110 072 .005 115, 107 .108 081
AV 029 011 000 006 042 026 000 028 027 .000 026 007
Ti———— 014 023 003 013 019 018 006 017 023 010 017 015
Cr————— 001 001 015 002 001 001 .000 .001 001 005 .008 .001
Fedt—— 050 103 024 098 059 .064 068 024 .055 .093 .058 055
Fe?t—— 153 138 071 088 129 .148 098 215 162 066 145 128
Mn——— 006 008 003 003 005 .008 007 008 .007 005 .006 006
Mg ———— 347 789 986 836 830 .823 .898 833 831 .903 .839 871
Ca———— 886 895 921 939 901 884 932 .854 .880 918 883 905
Na-——eeeee 015 023 007 014 014 .018 009 020 015 01 .018 012
Wo-———— 4697 48.89 47.00 50.40 48.45 47.42 48. 4491 47.01 48.65 47.28 47.54
En——eeeme— 4491 4358 49.38 44.87 44.63 44.65 46.58 43.77 4436 47.86 44.98 45.73
F$———— 812 753 362 4.73 6.92 793 5.07 11.32 8.63 349 7.74 6.73
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Table 3. Chemical compositions and structural formulas of selected samples of clinopyroxenes from rocks of the Lower Coon
‘Mountain pluton—Continued

Sample—-—-- 82CMPé 82CMP8 82CMP9 82CMP10 82CMP11 82CMP34 82CMP35 41CM81 83CMG4 83CMG8 83CMGI10 82CMP1 82CMP3
Unit (fig. 4>—  Jc Je Ip Jo Je Je n Joc Je Joc (3) Joc (3) Joc Je
Major-element oxides
Si0,- 50.2 51.4 50.9 515 513 50.5 519 50.6 50.4 509402  50.8+0.7  49.7 505
ALOj——— 468 345 3.47 3.00 274 3.60 244 3.99 391 3.13+0.28  3.52+0.74 3.80 3.73
TiOy-——— 84 51 70 65 55 64 44 .80 92 6740.08  .7140.17 67 74
CryOq——— @ 05 01 02 16 04 27 07 06 024001  .1140.07 - 14
Fe,O3——— 1.9 3.63 333 293 275 3.61 2.08 1.87 .85 2.92+40.24  243+0.79 4.62 2.82
FeQ———— 510 2.90 3.80 5.02 3.67 3.69 348 4.88 5.88 426+40.10 4.27+0.52 292 4.25
MnO—-—— 19 15 .23 24 17 19 12 .18 .16 .17+0.01 17+0.01 14 21
MgO———-  14.2 15.1 15.1 15.1 15.6 15.0 15.8 14.7 14.5 14340.02 14.9+04 14.7 15.1
CaO — 228 24.5 22,9 223 229 228 232 22.8 21.6 239+40.02 22610.03 233 222
Na,O — 21 14 27 30 21 24 20 15 33 .21+0.02 .23+0.04 20 .26
Total—-— 100.23 101.83 100.71  101.06 100.05 100.31 99.93 100.04 98.61 100.48 99.74 100.05 99.95

Formula per four cations

Si— --- 1855 1.867 1.869 1.887 1.892 1.862 1.909 1.887 1.869 1.879 1.882 1.841 1.866
ANV 145 133 131 113 108 138 091 113 131 121 118 159 134
AV e 058 .015 .019 017 011 018 015 060 043 015 036 007 029
Ti eeeeein .023 014 019 018 015 .018 012 026 022 019 020 019 021
Cr—— .001 002 - - .005 .001 .008 002 .002 001 003 000 .004
Fe+ e 055 099 .092 .081 076 .100 .087 024 052 083 056 129 .078
Fe2* e 157 088 117 154 113 114 107 184 151 130 144 090 131
Mn - .006 004 .007 007 005 .006 004 005 006 005 005 004 007
Mg ——— 784 816 826 825 854 826 868 810 811 787 823 812 832
Ca———mr .901 952 .899 876 906 .900 914 866 .903 945 897 925 880
Na—mmmmemeemeen 015 010 .020 021 015 017 014 024 011 015 017 014 018
Wo - 4891 51.30 48.83 47.24 48.35 48.92 48.37 46.56 48.44 50.77 48.15 50.63 47.75

En—— 4254 4394 44.84 44.47 45.61 44.90 45.96 43.55 4347 42.25 4.15 4443 45.12

Fs-——-—— 855 4.76 6.34 8.29 6.03 6.19 5.67 9.89 8.09 6.99 771 4.94 7.13
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Table 3. Chemical compositions and structural formulas of selected samples of clinopyroxenes from rocks of the Lower Coon

Mountain pluton—Continued

Sample—--—--- 82CMP4 82CMP5 82CMG126 82CMG131 82CMG133 82CMG134 82CMG146 82CMG150 82CMG152 82CMG166 82CMG172 82CMG173 4CM81

Unit (fig. 49— Jp Je Jc(4) Ip Jo Jp Ip Jp Jp Je Je il Je
Major-element oxides
SiOy 524 50.1 5.2+1.2 50.5 518 50.6 51.2 51.1 50.1 49.0 52.2 51.1 51.5
ALOg———— 261 333  2.80+0.23 298 238 337 253 274 3.54 4.04 238 3.19 273
TiOy 43 72 411006 72 44 71 62 73 .80 83 57 49 58
Cry05 30 02 254002 02 .10 .03 09 06 04 04 01 15 .03
Fe,O3—————  1.15 280 257+0.81 377 1.69 3.19 3.05 273 3.28 5.22 1.85 211 1.80
FeQ--—r 481 442 3.04+0.79 4.14 423 437 434 537 3.64 296 6.11 4.55 5.28
MnO—w— 13 22 134001 27 20 27 21 32 .18 24 28 17 22
15.7 146 159403 155 15.1 148 15.3 15.3 14.5 149 15.1 15.1 15.0
CaQ—— 227 222 227401 22.7 238 2.7 225 210 237 223 223 230 28
Na,O ——m 22 30 .19:0.02 17 10 24 25 40 14 23 23 22 .16
Total—- 10045  98.71 99.19 99.08 99.93 100.28 100.09 99.75 99.93 99.82 100.96 10048  100.10
Formula per four cations
Si 1919  1.877 1.897 1.871 1.915 1.871 1.893 1.895 1.859 1.822 1915 1.892 1.904
AM .081 123 .103 129 085 129 107 105 141 177 085 .108 096
AM 032 024 019 .001 .018 017 .003 015 014 000 018 031 023
Ti 012 020 on 020 012 .020 017 020 022 023 016 014 016
Cr 009 - 007 001 .003 .001 002 - .002 001 001 000 004 001
Fe3+ 032 079 068 .105 047 .089 .085 076 091 146 051 061 050
Fe2+ 147 .139 098 128 131 135 134 167 113 092 188 137 163
Mn——mn0— 004 .007 004 .008 .006 .008 007 010 006 .007 009 005 007
Mg——— 859 814 878 .858 832 815 843 846 800 826 827 827 825
Ca 890 .894 901 .862 943 .898 890 836 942 889 876 906 903
Na———— 015 022 014 017 007 017 018 029 010 017 016 016 011
Wo-————— 4692- 4841 48.01 46.63 4947 48.58 47.65 45.22 50.79 4820 46.32 4844 47.77
En 4530  44.08 46.77 46.44 43.67 4“1 45.16 45.77 43.12 45.70 43.74 44.24 43.60
F§g-—ereeme 7.78 7.51 522 6.94 6.86 731 7.19 9.01 6.09 5.09 9.93 732 8.63
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Table 4. Chemical compositions and structural formulas of selected samples of olivine from rocks of the Lower Coon Mountain

pluton

[Electron-microprobe analyses in weight percent; analyst, F. Gray. Total iron determined as FeO. —, not detected; n.d., not determined]

Sample———— 82CMG30 82CMG30 82CMG30 82CMG36 82CMG36 82CMG36 82CMG77 82CMGI131 82CMGI131 82CMG136 82CMG136
Unit (fig. 4)-——- n n n Jo Jo Jo Je Ip Ip Jp Jp
Major-element oxides
Si0p —~serrr - 49.7 49.1 494 49 43 49 45.1 49 44.7 454 444
AlOg——— 319 327 324 35.1 35.1 35.0 35.2 348 356 338 34.8
FeO - .38 .30 .32 .33 37 37 42 .36 40 .65 46
MgO—m7-—-— 12 .06 .05 04 04 .07 - 05 .05 .18 —
CaO———r- 15.5 16.1 15.6 189 18.6 19.0 18.8 18.5 18.6 18.5 18.3
NayO--omee e 2.64 245 261 1.09 1.11 1.06 92 93 84 .97 1.07
K70 e eee- 07 .05 04 .004 .01 .01 .004 01 .01 .01 .05
BaO ——-eme e - - - — — nd. nd. — -— nd. nd.
SrO— oo m- .02 05 .03 17 17 13 - .19 17 nd. -
Total -——-  100.33 100.81 100.45 100.534 99.7 100.54 100.444 99.74 100.37 99.51 99.08
Formula per 32 oxygens
S 9.066 8.925 9.001 8.277 8.180 8.283 8.306 8.264 8.234 8.353 8.126
Al e 6.848 7.011 6.948 7.627 7.650 7.601 7.633 7.548 7.742 7.323 7.511
Fe——— .058 046 049 051 057 056 065 055 062 .100 070
Mg —————— .033 .016 017 012 .010 .020 - 013 014 .048 -
Ca o — 3.027 3.128 3.045 3.730 3.680 3.753 3.709 3.651 3.676 3.652 3.598
Na-—-——eeeer 935 .864 923 .388 .39% .379 329 333 299 346 379
Koo oo - .016 011 .009 .001 .001 .002 .001 002 002 .001 011
Ba—————r - -- — nd. - - nd. - - nd. nd.
Sr ——— o —- .002 .005 .003 018 .018 014 - 020 019 nd. -
Z— 15.970 15.982 15.998 15.955 15.887 15.94 16.004 15.867 16.038 15.776 15.707
Xermo e - 3.980 4.003 3.980 4.137 4.095 4.148 4.039 4.006 3.996 3.999 3.988
Calculated Ab, An, and Or contents of plagioclase
An—-—ee — 76.09 78.14 76.57 90.56 90.26 90.78 91.83 91.60 92.43 91.32 90.22
Ab—-ee 23.50 21.58 23.21 9.42 9.71 9.17 8.15 8.35 7.52 8.87 9.25
Oor———-—— 40 27 .23 .02 .02 .05 .02 05 05 .03 28
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Table 4. Chemical compositions and structural formulas of selected samples of olivine from rocks of the Lower Coon Mountain
pluton—Continued

Sample——- 82CMG136 82CMG146 82CMG146 82CMG146 82CMGI150 82CMG150 82CMGI50 82CMG150 82CMGI150 82CMG172 82CMP3
Unit (fig. 4)— Jp Jp Jp Ip Jp jd Jp p Jp Jp Jp

Major-element oxides

Si0p———-~ 4.6 45.8 46.5 46.5 51.1 52.7 48.1 50.0 51.9 440 454
AbO3—oe—- 347 347 336 33.7 30.3 29.3 323 31.7 30.5 344 354
FeO —~--cmeemeee 47 .35 40 53 .29 .30 .29 37 31 35 42
MgO——- — nd. .06 .04 .05 .05 .06 17 .03 .06 .05
CaQ———~ 183 175 17.3 17.5 14.2 12.8 15.6 14.0 13.5 184 19.3
Na;O—-—- 1.04 1.66 1.65 157 3.49 4.17 2.50 3.64 4.19 1.78 78
K70 - .02 .003 .03 - .002 .04 .06 .03 .04 04 09 .01
BaO —o—meeeeeme —_ - — - — — — — — — —
SrO-ememeneee - 27 .18 17 .05 03 .03 .18 .19 .15 14
Total 99.13 100.283 99.72 100.012 99.52 99.43 98.91 100.10 100.66 99.18 101.50

Formula per 32 oxygens
Si —-ome 8.168 8.438 8.536 8.514 9.265 9.489 8.695 9.133 9.401 8.049 8.290
Al 7.475 7.531 7.260 7.329 6.474 6.225 6.879 6.820 6.505 7419 7.605
Fe---mememememeee 072 055 .061 .082 .044 045 043 .056 047 054 .063
Mg ———— - nd. 016 012 013 014 015 047 009 015 014
Ca———or 3.592 3.47 3.395 3.465 2.755 2476 3.018 2.732 2.624 3.624 3.781
Na—--eeeeee .369 .593 .585 562 1.228 1457 877 1.289 1.470 417 276
K- — .003 001 006 - 010 014 007 009 .009 021 003
Ba—---eemeeemeee - - - - - — — — B — -—
St = — 029 20 018 .006 003 .004 019 020 015 014
Z——— 15715 16.024 15.856 15.985 15.783°  15.759 15.617 16.009 15.953 15522 15958
X- -— 3.964 4.041 4.006 4.045 3.99 3.950 3.906 4.049 4.123 4077 4.074
Calculated Ab, An, and Or contents of plagioclase
An——-—  90.62 85.92 85.17 86.04 69.00 62.73 77.34 67.78 63.95 89.22 93.13
Ab—— e 9.31 14.78 14.68 13.95 30.75 3691 2248 31.88 35.83 10.27 6.80
Or-———-—- .08 .02 15 - 25 .35 .18 22 22 52 07

50 Petrology, Mineralogy, and Geochemistry of the Lower Coon Mountain Pluton, Northern California



Table 4. Chemical compositions and structural formulas of selected samples of olivine from rocks of the Lower Coon Mountain
pluton—Continued

Sample—-——-—-—- 82CMP3 82CMP3 82CMP4 82CMP4 82CMP5 82CMP10 82CMP10 82CMP10 20CM81 20CMS81 82CMGI150 82CMG150
Unit (fig. 4-—  Jp Jp Jp Jp Ip Je Je Je Jg Jg Ip Ip
Major-element oxides
$i0p——-— 45.1 455 43.9 4.6 4.2 45.6 46.9 469 47.7 493 50.0 51.9
ALOg———- 345 34.5 34.1 334 34.6 334 339 34.2 320 320 317 305
FeOQ ——u—- 40 .36 46 42 51 41 40 .39 28 .29 37 31
MgO e — 04 .05 .05 06 06 07 06 .06 .03 .06 17 .03
Ca0-—— 194 19.0 19.7 19.5 18.7 17.8 19.0 189 149 15.4 14.0 135
NayO—eooee— .66 .89 .80 .81 74 1.78 1.10 1.14 2.25 2.75 3.64 4.19
KO e e 01 17 02 .05 01 .05 003 004 .04 .03 04 04
BaQ —— — - - - - - - - - - - -
5r0———-—o .19 .20 .16 21 .18 17 14 14 .06 .08 .18 .19
Total ~——~ 100.66  100.67 99.19 99.05 99.00 99.28 101.503  101.73 97.76 99.91 100.10 100.66
Formula per 32 oxygens
Si ~-——--—— 8335 8.380 8.106 8.201 8.097 8.384 8.542 8.526 8514  9.024 9.133 9.401
Ao 7515 7.478 7.404 7.669 7.463 7.235 7.280 7.314 6724 6903 6.820 6.505
Fe————-— 062 053 071 065 078 063 061 .059 041 044 056 .047
Mg ———o 011 015 014 .015 017 019 015 016 009 016 047 009
Ca e 3.846 3.754 3.903 3840  3.664 3513 3.712 3.687 2.851 3.021 2732 2.624
Na--eemeeomee- .237 316 .285 291 263 634 388 402 952 975 1.289 1.470
K——- 003 .040 004 012 .003 012 .001 .001 009 007 .009 .009
;2 — — — — - — _— — — — - — —
Sr ~e——— .020 021 017 023 019 018 015 014 .008 008 019 .020
Z-————— 5912 15913 15.617 15935 15.623 15.682 15.888 15899 15279 15971 16.009 15.953
Xeorooore 4,106 4131 4209 4166  3.949 4.177 4.116 4.104 3.821 4.011 4.049 4.123
Calculated Ab, An, and Or contents of plagioclase
An———--—— 9413 9134  93.11 92.69 93.20 84.47 90.51 90.15 74.79 75.47 67.78 63.95
Ab—————— 580 7.69 6.80 7.02 6.69 15.24 9.46 9.83 24.97 24.36 31.88 35.83
Or—-e oo 07 97 .10 29 .08 .29 02 .02 24 17 22 22
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Table 5. Chemical compositions and structural formulas of selected samples of plagioclase from rocks of the Lower Coon
Mountain pluton

[Electron-microprobe analyses in weight percent; analyst, F. Gray. Total iron determined as FeO. —, not detected; n.d., not determined]

52

Sample - - 82CMG30 82CMG30 82CMG30 82CMG36 82CMG36 82CMG36 82CMG77 82CMG131 82CMG131 82CMG136 82CMG136
Unit (fig, 4)———  J1 n n Jo Jo Jo Je Ip Ip Jp Ip
Major-element oxides
SiOp oo 49.7 49.1 494 49 4.3 4.9 45.1 49 47 454 44
AlLO3——e 319 327 324 35.1 35.1 35.0 352 34.8 35.6 33.8 348
FeO ——eoeeeem .38 30 32 33 .37 .37 42 36 40 65 46
MgO———e e 12 06 05 04 04 07 - 05 05 .18 -
CaQ—-———-~ 155 16.1 15.6 189 18.6 19.0 18.8 185 18.6 18.5 . 183
NaO-—-— 264 245 261 1.09 1.11 1.06 92 93 84 .97 1.07
K20 oo .07 .05 04 004 01 01 004 01 01 .01 .05
%\ o J—— — — — - - nd. nd. — -— nd. nd.
SrO-—-—meee e 02 05 03 17 17 13 - 19 17 nd. —
Total-———- 100.33  100.81 10045 100534  99.70 100.54  100.44 99.74 100.37 99.51 99.08
Formula per 32 oxygens
Si oo 9.066 8.925 9.001 8.277 8.180 8.283 8.306 8.264 8.234 8.353 8.126
Alereemememeee - 6.848 7.011 6.948 7.627 7.650 7.601 7.633 7.548 7.742 7.323 7.511
Fe—-—o— o 058 046 049 051 057 056 065 055 062 .100 070
Mg ———eeee 033 016 017 012 010 020 - 013 014 048 —
Ca e — 3.027 3.128 3.045 3.730 3.680 3.753 3.709 3.651 3.676 3.652 3.598
Na-- — .935 864 923 .388 39 379 .329 333 .299 346 379
K- 016 011 009 001 001 002 001 002 002 001 011
| —— - -— - nd. -- - nd. — - nd. nd.
Sr ———erre 002 005 .003 018 018 014 - 020 019 nd. -
Z———— 15970 15982 15998 15955  15.887 1594 16,004 15.867 16.038 15.776 15.707
X- e 3.980 4.003 3.980 4.137 4.095 4.148 4.039 4.006 3.996 3.999 3.988
Calculated Ab, An, and Or contents of plagioclase
An———e—o  76.09 78.14 76.57 90.56 90.26 90.78 91.83 91.60 9243 91.32 90.22
Ab— — 2350 21.58 23.21 9.42 9.71 9.17 8.15 835 7.52 8.87 -9.25
Or——eme e 40 27 23 02 02 05 02 05 .05 03 28
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Table 5. Chemical compositions and structural formulas of selected samples of plagioclase from rocks of the Lower Coon
Mountain pluton—Continued

Sample ----------- 82CMG136 82CMG146 82CMG146 82CMG146 82CMGI150 82CMG150 82CMG150 82CMG150 82CMG150 82CMG172 82CMP3
Unit (fig. 4)-—-  Jp Jp Jp Jp Jp Jp Ip Jp bjd Ip Jp
Major-element oxides
SiOy-—---——- 446 45.8 46.5 46.5 51.1 52.7 48.1 50.0 519 44.0 454
A0z 347 34.7 33.6 33.7 30.3 293 323 31.7 30.5 344 354
FeO -———- 47 .35 40 .53 29 .30 .29 .37 31 .35 42
MgO e — nd. .06 .04 05 .05 .06 17 03 .06 .05
Ca0---—mr 183 17.5 17.3 17.5 14.2 12.8 15.6 14.0 135 184 19.3
NayO---remmam 1.04 1.66 1.65 1.57 349 4.17 2.50 3.64 4.19 1.78 .78
K70 -—--me - .02 .003 03 .002 04 .06 .03 04 04 .09 01
BaO -—-—--—— - — - - - - - - - - -—
SrO-—----ee oo - - 27 .18 17 .05 .03 .03 .18 19 15 .14
Total——-  99.13 100.283 99.72 100.012 99.52 99.43 98.91 00.10 100.66 99.18 101.50
Formula per 32 oxygens
R — 8.168 8.438 8.536 8.514 9.265 9.489 8.695 9.133 9.401 8.049 8.290
Al 7.475 7.531 7.260 7.329 6.474 6.225 6.879 6.820 6.505 7419 7.605
S —— 072 .055 061 .082 044 ".045 .043 .056 047 .054 .063
Mg —-— e - nd. 016 012 013 014 .015 .047 009 .015 .014
Ca o — 3.592 3.447 3.395 3.465 2.755 2.476 3.018 2.732 2624 3.624 3.781
Na——-o— 369 .593 .585 .562 1.228 1.457 877 1.289 1470 417 .276
| 003 001 .006 — 010 014 007 009 009 021 .003
- — — — - — — - — — —
) J—— 029 20 018 006 003 004 019 020 015 014
Z—— 15715 16.024 15.856 15.985 15.783 15.759 15.617 16.009 15.953 15.522 15.958
X 3.964 4.041 4.006 4.045 3.999 3.950 3.906 4.049 4.123 4.077 4.074
Calculated Ab, An, and Or contents of plagioclase
An———--—u-— 9062 85.92 85.17 86.04 69.00 62.73 77.34 67.78 63.95 89.22 93.13
Ab-—-r —_ 931 14.78 14.68 13.95 30.75 36.91 22.48 31.88 35.83 10.27 6.80
(6, .08 .02 .15 - .25 .35 .18 22 22 .52 .07
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Table 5. Chemical compositions and structural formulas of selected samples of plagioclase from rocks of the Lower Coon
Mountain pluton—Continued

Sample—~——-— 82CMP3 82CMP3 82CMP4 82CMP4 82CMP5 82CMPI0 82CMP10 82CMPI0 20CM81 20CM81 82CMGI50 82CMG150
Unit (fig. /—— Jp Ir Jp Jp j Je Je Je 4 Jg Jp Jp

Major-element oxides

SiOy——-—— 451 455 439 446 = 442 456 469 469 477 493 50.0 51.9
AbOj———- 345 345 341 334 346 334 339 342 320 320 317 305
FeO ———— 40 36 46 42 51 41 40 39 28 2 37 31
MgO———— 04 05 05 06 06 07 06 .06 03 06 17 03
CaO———— 194 190 197 195 187 17.8 19.0 189 149 154 14.0 135
NagO——— 66 89 80 81 74 1.78 110 114 225 2.75 3.64 419
K0 ———— 01 17 02 05 01 05 003 .004 04 03 04 04
BaO-— - - - - - — — — - — - -
)¢ M— 19 20 16 21 18 17 14 14 06 08 18 19

Total—— 10066 100.67 199.19 - 99.05 99.00 99.28 101.503  101.73 97.76 99.91 100.10 100.66

Formula per 32 oxygens

S 8335 8380 8106 8201 8.097 8.384 8.542 8.526 8514 9.024 9.133 9.401
Al e 7515 7478 7404 7669 7463 7.235 7.280 7.314 6.724 6.903 6.820 6.505
Fe—-——u— 062 053 071 .065 078 063 .061 059 041 044 056 047
Mg ———o—— 011 015 014 .015 017 019 015 .016 009 016 047 .009
Ca oo 3846 3754 3903 3840  3.664 3513 3.712 3.687 2.851 3.021 2732 2.624
Na —— 237 316 .285 291 .263 .634 .388 402 952 975 1.289 1470
K-—- - 003 040 004 012 .003 .012 001 001 009 007 009 009
;P — — - — — — — - —_ - - -

Sr —--o—— 020 021 017 023 019 018 015 014 .008 008 019 020
Zo——- 5912 15913 15617 15935 15.623 15.682 - 15.888 15.899 15279 15971 16.009 15.953
D 4106 4.131 4209 4166  3.949 4.177 4.116 4.104 3.821 4.011 4.049 4123

Calculated Ab, An, and Or contents of plagioclase

Ap———— 9413 9134 9311 9269 9320 84.47 90.51 90.15 74.79 7547 67.78 63.95
Ab—rere e - 5.80 7.69 6.80 7.02 6.69 15.24 9.46 9.83 24.97 2436 31.88 35.83
(O 07 97 10 .29 .08 .29 02 02 24 17 2 22
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Table 6. Chemical compositions of rock samples from the contact area of the Lower Coon Mountain pluton

[X-ray-fluorescence analyses of major-element oxides in weight percent; analysts: J.S. Baker, A.J. Bartel, L. Espos, J. Taggart, and J.S. Wahlberg.
Emission-spectrographic analyses of trace elements in parts per million; analyst, M. Malcolm. Fire-assay/atomic-absorption analyses of platinum-group
elements in parts per billion; analysts: L. Bradley, C. Gent, J.M. McDade, R. Moore, and S. Wilson. n.d. not determined; H, interference; LOI, loss on
ignition. All samples contained less than 20 ppm Ag and less than 0.05 ppm Au]

Volcani- Amphib-
Rock type—- Shale clastic rocks Hornfels olite
Sample-—-- 32CM81 74CM81 75CMS81 73CM81 82CMG100 82CMG120 82CMG65
Major-element oxides

Si0y———  63.1 63.9 63.7 436 57.6 417 44.0
ALOy——— 170 16.9 15.1 3.14 18.6 14.5 144
FepTOy——-— 5.75 5.95 9.27 193 6.36 13.2 13.3
FeyO3-----—- nd. nd. nd. - nd. 1.79 5.62 4.82
FeQ ——-— nd. nd. nd. nd. 4.11 6.82 7.63
MgO--—-——---- 2.60 295 2.85 17.7 223 10.8 10.1
CaQ—-—- 83 50 <.02 145 5.61 16.7 12,6
NaO-——-- 1.74 71 89 35 7.04 20 1.85
K0 —-— 272 355 2.35 <02 05 05 42
HOt ---— - nd. nd. nd. nd. 1.57 351 249
| 3 070 p— nd. nd. nd. nd. 19 18 26
TiOy—-----—— .83 80 66 96 62 83 147
P,O5—-——-—- .18 17 07 <.05 24 <.05 .19
MnO---—---- 04 .08 68 .19 .16 15 20
COy ————- nd. nd. nd. nd. 03 .04 06
LOI-——---——— 4.85 4.68 4.54 98 1.58 271 1.69

Total—  99.64  100.19 100.11 100.72 199.84 1101.10 1100.49

Trace elements

70 230 <20 3<10 <10 17
1,000 1,500 10 60 <20 86
<5 20 70 13 58 53
150 30 300 11 270 250
50 300 3 12 15 100
20 30 H 18 18 21
15 50 150 19 150 110
20 20 <10 <10 <10 <10
15 15 70 1 60 52
100 30 20 360 700 390
300 150 300 67 450 390
15 15 <10 26 11 28
<300 <300 <300 66 H H
100 100 10 140 48 83

Platinum-group elements

Pd -----eeee- 3 4 9 1 nd. nd. nd.
20 33 9 46 n.d. nd. nd.
<1 <1 <1 <1 - nd. nd. nd.

n.d. nd. <20 <20 nd. nd. nd.
nd. nd. <100 <100 n.d. nd. nd.

1Fe,03 content and LOI not included in total.
2Sample contains 1.5 ppm Be and 10 ppm Nb.
3Sample contains 21 ppm La.
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Table 7. Chemical and mineralogic data on rock samples from the layered sequence of the Lower Coon Mountain pluton

[X-ray-fluorescence analyses of major-element oxides in weight percent; analysts: J.S. Baker, A.J. Bartel, L. Espos, J. Taggart, and J.S. Wahlberg.
Emission-spectrographic analyses of trace elements in parts per million; analyst, M. Malcolm. Fire-assay/atomic-absorption analyses of platinum-group
elements in parts per billion; analysts: L. Bradley, C. Gent, J.M. McDade, R. Moore, and S. Wilson. Cross, Iddings, Pirsson, and Washington (CIPW)
norms in weight percent; see text for FeO/Fe,0; adjustments. Modes in volume percent; at least 800 points counted. —, not detected; n.d. not deter-
mined; H. interference; LOI, loss on ignition. All samples contained less than 20 ppm Ag, and less than 0.05 ppm Au, and less than 0.05 weight percent
P,0s}

Unit ~oememer Clinopyroxene-olivine cumulate Plagioclase-rich clinopyroxene-olivine cumulate
Sample 82CMP6 82CMP7 4CM81 30CM81 79CM81 82CMGI116 82CMP5 82CMP9 28CM81 83CM81 84CMS81 85CMS81
Major-element oxides
Si0Q———— 399 40 40.7 40.2 424 431 415 418 40.7 403 40.2 46.2
Al)O3 4.16 3.55 347 3.80 388 4.67 7.88 103 9.24 6.31 8.18 1.63
Fe;TO3 ——— 215 19.4 209 210 194 17.8 178 18.6 17.8 206 18.9 111
Fe;O3 ———— 1164 9.62 nd. nd. nd. 7.64 771 7.35 nd. nd. nd. nd.
FeOQ -———- 887 8.80 nd. nd. nd. 9.14 9.08 10.12 nd. nd. nd. nd.
MgO———- 174 19.0 16.2 17.1 145 18.1 15.9 13.7 14.6 14.7 16.4 4.1
CaQ ———- 147 155 15.0 15.2 175 144 15.2 14.9 149 155 128 14.2
NaO <.15 <15 <20 <15 20 .28 25 38 37 25 34 <15
KO - <02 <.02 <02 <02 <02 .03 03 09 <02 03 <.02 <02
HOt ———ro 267 1.37 nd. nd. nd. 1.88 199 85 nd. nd. nd. nd.
HO .35 .10 nd. nd. nd. 23 15 .06 nd. nd. nd. nd.
TiOy - 141 37 1.55 1.30 1.80 121 122 1.66 127 1.66 112 19
P05 —————- <05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <.05 <05 <.05 <.05
MnO - 24 .21 33 23 .23 32 26 28 23 28 26 17
COp ——— 05 04 nd. nd. nd. 15 .08 <01 nd. nd. nd. nd.
LOl--e—- 231 .76 1.79 146 71 189 157 30 113 88 1.64 263

Total — 110139 1101.16 9867 9855 99.08 110085 110125 110149 9890 9878 9828  99.50

Trace elements

B-—————— H H 2220 2220 2220 H H H <20 <20 <20 <20
Ba————— <20 <20 30 7 10 34 <20 <20 10 7 15 7
Co ——— 93 94 70 70 70 87 79 80 70 70 100 30
Cr-——————— 410 640 300 300 300 820 420 280 300 300 500 1500
Cu — 22 17 15 10 10 33 100 110 20 30 5,000 3
Ga e H H H H H H H H H H H H
Ni—————- 160 200 150 100 100 240 150 120 100 70 200 300
S¢ - H H 70 70 70 H H H 70 70 100 70
) — 21 23 7 15 20 82 140 260 150 70 150 7
A —— 790 570 300 300 500 410 680 730 300 300 700 100
) C— —— H H 10 <10 15 H H H <10 10 <10 <10
4, p— -— H H <300 <300 <300 H H H <300 <300 <300 <300
./ SO— 49 42 10 10 20 55 45 50 <10 <10 <10 10

Platinum-group elements

Pd —-----=-—- . nd. nd 1 1 <1 nd. nd.  nd 8 4 191 5
Pt - —— nd. nd 22 27 11 nd. nd. nd. 25 19 230 64
Rh —-eeeemee e nd. nd. <1 <1 <1 nd. nd. nd. <1 <1 <1 <1
Ir———eeeo nd. nd. <20 <20 <20 nd. nd. nd. nd. <20 <20 <20
Ru—---———  nd. nd. <100 <100 <100 nd. nd. nd. nd. <100 <100 <100
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Table 7. Chemical and mineralogic data on rock samples from the layered sequence of the Lower Coon Mountain pluton—
Continued

Unit ~—-meeeeree Clinopyroxene-olivine cumulate Plagioclase-rich clinopyroxene-olivine cumulate
Sample 82CMP6 82CMP7 4CM81 30CM81 79CM81 82CMGI116 82CMP5 82CMP9 28CM81 83CMS81 84CM81 85CMS81
CIPW norms
OF weemmrmeaeee (.1 0.1 — — — 02 0.2 05 - — - 301
ab-—————-——— 13 2 — — — 24 12 32 - — -— 1.3
an-————-———-  10.8 9.0 395 3105 3938 115 20.5 260 3240 3163 3215 3.8
Ic — — - 1 1 1 - — -—_ — 1 1 -—_
ne ———-———-— — 6 9 1 9 — 5 — 17 12 16 —
di - 495 53.5 448 38.9 53.0 479 439 37.7 339 38.1 328 54.5
hy ——-— 8 — — - — 54 - 1 — — — 34
ol ————- 175 20.7 332 37.6 237 19.0 20.0 18.7 30.6 315 36.7 337
Ca-ortho --—-—- - — 37 59 40 - — — 2.7 47 1.1 —
mt — 171 14.0 46 4.2 49 11.2 113 106 4.1 47 39 25
il ————e - 2.7 18 30 2.5 35 2.3 2.3 31 25 3.2 2.2 4
AP mmmmem e 1 1 1 1 1 1 1 1 4 1 1 1
di —-———— — 419 439 270 235 324 378 342 27.7 21.0 225 203 419
he ————e— 4.6 6.5 16.7 14.4 19.2 7.6 76 8.3 12.0 14.7 116 10.0
WO ———m— —- 3.0 3.1 1.1 1.0 14 25 22 1.7 9 9 9 2.7
fo ——————- 156 17.8 19.7 25 14.4 15.5 16.0 14.0 18.7 183 225 26.8
fa —-————o- 18 2.9 135 15.2 9.3 34 3.9 47 11.8 13.2 14.2 7.0
(2 L — 7 - -— — - 45 -— 1 — — - 2.8
fs - 1 — — — -— 9 - .03 - -— - 7
fo (pet) ——— 89.1 86.0 59.4 59.7 60.6 81.9 80.4 75.1 61.3 58.1 613 79.4
en (pct)-——--—  90.0 - - - - 83.3 — 774 -— - - 80.9
Normative 893 88.5 85.7 98.9 86.3 82.8 90.9 89.0 89.3 89.3 88.9 74.5
an (pet).
Modes
di ———eroee 67.2 67.1 nd. nd. nd. nd. 53.8 43.1 nd. nd. nd. nd.
(o) e — 271 20.9 nd. n.d. nd. nd. 183 168 n.d. nd. nd. nd.
pl -——-emeee - — - nd. nd. nd. nd. 19.0 29.1 nd. nd. n.d. nd.
mt —-—-—-——- 102 8.8 nd. nd. nd. nd. 74 89 nd. nd. nd. nd.
hb---~—eeerme e - 1.3 2.8 nd. nd. nd. nd. 1.2 1.8 nd. nd. nd. nd.

1FeyTO3 content and LOI not included in sum.
2Six-step semiquantitative spectrographic analysis.
3Calculated using correction FeyOz = TiO; + 1.5 of Irvine and Baragar (1971).
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Table 8. Average major- and trace-element compositions of
the layered sequence of the Lower Coon Mountain pluton

[Data from table 7. Major-element-oxides in weight percent; trace-
element analyses in parts per million. —, no data]

Unijt————- Clinopyroxene- Plagioclase-rich
olivine clinopyroxene-olivine
cumulate cumulate
Major-element oxides
SiOg ~—-———- 41.1x1.1 42.0+20
AlL,O3 ———— 3.77+0.28 6.89+2.96
Fe,TOz----——-- 16.8+1.7 16.2+3.6
Ca0Q ~—-mem—m- 15.6+1.1 14.6+0.9
NayO--—-—— 20 3140.06
KO — <.02 05+0.03
TiO) —————- 1.41+0.31 1.19+0.49
MnO -—--——-—- .2540.05 .2640.05

Trace elements

B <20 <20
Ba-———- 1513 15¢11
Co - 79413 77t16
(& e —— 390+148 5931447
[ p— 1318 49450
Ga-—--—meme- —_ 15
Ni---—o—ee- 142443 169182
S¢ ~-————— 70 . 7815
Sr - —— 1746 123480
Voo — 4921205 4601245
Y. —————- 12 <10
ZN —eeeeeeee — <300 <300

YA B 26118 5045
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Table 9. Chemical and mineralogic data on rock samples from the layered clinopyroxene-olivine cumulate and olivine-
clinopyroxene cumulate of the intrusive sequence of the Lower Coon Mountain pluton

[X-ray-fluorescence analyses of major-element oxides in weight percent; analysts: J.S. Baker, A.J. Bartel, L. Espos, J. Taggart, and J.S.
Wahlberg. Emission-spectrographic analyses of trace elements in parts per million; analyst, M. Malcolm. Fire-assay/atomic-absorption analyses
of platinum-group elements in parts per billion; analysts: L. Bradley, C. Gent, J.M. McDade, R. Moore, and S. Wilson. Cross, Iddings, Pirsson,
and Washington (CIPW) norms in weight percent; see text for FeO/Fe,0; adjustments. Modes in volume percent; at least 800 points counted.
—, not detected; n.d. not determined; H. interference; LOI, loss on ignition. All samples contained less than 20 ppm Ag, and less than 0.05
ppm Au, and less than 0.05 weight percent P,0;5]

Unit ~—-eeememm- Layered clinopyroxene-olivine cumulate Olivine-clinopyroxene cumulate
Sample -—~—- 82CMG54 10CM81 24CMS81 49CM81 50CM81 56CM81 67CM81 82CMG70(2) 82CMP2 82CMP27
Major elements
Si0y ——-—— 46.7 444 488 46.9 425 428 483 39.1 48.1 439
Al;O3 2.70 293 224 3.61 2.27 3.90 243 1.37 1.29 7.26
FeoTO3 e 10.8 15.2 832 12.0 16.9 18.0 9.11 17.8 9.31 134
FeO3 -~—-—- 4.16 nd. nd. nd. nd. nd. nd. 12.48 4.00 495
FeO—--——-—- 5.97 nd. nd. nd. nd. nd. nd. 4.79 4.78 7.60
MgO ——ermmm 21.6 18.8 20.0 18.1 225 18.0 19.9 28.1 234 18.7
Ca0O 16.9 15.7 19.0 17.0 12.0 14.6 18.6 6.14 14.9 14.2
NayO-—---mmm- <.15 18 <.15 29 <.15 16 .16 <.15 <15 .16
KO ~—-eee <.02 <.02 <02 <.02 <.02 <02 <.02 <.02 <.02 .09
H,Of ~—eeeeme 2.11 nd. nd. nd. nd. nd. n.d. 7.59 3.63 314
HO ———- .10 nd. n.d. nd. nd. nd. nd. 51 31 24
TiOg -——eeemm- 37 84 28 59 .63 1.08 32 .30 13 52
MnO - .18 25 13 21 26 26 15 41 .16 24
COq ~——mmn .23 nd. nd. nd. nd. nd. nd. 25 15 07
LOI-—--——~-- — 2.10 217 145 1.62 340 261 1.45 7.97 371 267
Total-——  1101.01 9925 9978 9940 10046 9897  99.76 19994 110128 1101.07
Trace elements
B——— <10 2220 220 2220 2220 2220 2220 H 54 22
Ba-———e— - <20 7 7 15 7 7 15 140 <20 <20
Co —-——-- 70 50 50 50 70 70 70 130 78 80
Cr———-— — 800 500 1,500 700 300 300 1,000 1,600 1,000 870
Cu ~—memeee 9.8 7 3 30 7 15 2 14 7.3 18
Ga ~—---————- <10 H H H H H H <10 <10 10
Nij--—--e—- 200 100 150 150 200 150 150 670 280 280
S¢ —-——m- - 85 70 70 70 70 70 100 H 75 61
) - 28 15 15 70 10 10 10 <15 30 140
A -— 150 200 150 200 200 300 150 110 60 230
e <10 <10 <10 15 <10 10 <10 H <10 14
Zn————-——o- <50 <300 <300 <300 <300 <300 <300 H <50 H
Zr————— - 30 <10 <10 15 <10 <10 <10 3 28 41
Platinum-group elements
Pd—-—-——o- nd. <1 nd. 10 <1 1 nd. nd. nd. nd.
Pt — — nd. 17 nd. 38 10 32 nd. nd. nd. nd.
Rh—mmmmeeeem n.d. <1 nd. <1 <1 <1 nd. nd. nd. nd.
Ir e nd. <20 nd. <20 nd. <20 n.d. nd. nd. nd.
Ru ~—-r e nd. <100 nd. <100 nd. <100 nd. n.d. nd. nd.

Tables 3-15 59



Table 9. Chemical and mineralogic data on rock samples from the layered clinopyroxene-olivine cumulate and olivine-
clinopyroxene cumulate of the intrusive sequence of the Lower Coon Mountain pluton—Continued

Unit - Layered clinopyroxene-olivine cumulate Olivine-clinopyroxene cumulate
Sample 82CMG54 10CMS81 24CM81 49CMS81 50CM81 56CM81 67CM81 82CMG70(2) 82CMP2 82CMP27
CIPW norms
OF - - — 30.1 30.1 30.1 — - 30.1 30.1 30.6
E ) R — — 1.0 25 1.3 —_ — 14 1.3 14
an—————— 4.7 373 . 55 8.7 5.7 373 459 33 2.9 113
le————-— 1 1 —_ —_ — 2 1 —_ - —
Ne —--—-o-—m 7 9 2 — 02 8 7 -— —_ —_
L e — 57.9 58.0 713 61.8 45.1 53.9 66.6 23.7 57.1 50.6
hy————— — - - 1.1 — — — 54 10.0 39
ol-———— 313 283 186 214 43.1 314 4.1 62.6 25.5 28.0
Ca-ortho 1.8 1 — — - 3 11 - — -
mt—-————oo 7 35 26 31 32 39 7 2.8 24 31
1 —— 7 1.6 5 11 1.2 21 6 6 3 1.0
Y 1 1 1 A 1 1 .1 1 4 1
di —————— 424 40.1 59.0 45.0 31.1 35.0 48.7 16.7 454 35.7
he ————— 12.9 157 104 14.0 123 17.2 15.0 6.0 8.7 12.8
WO ~——mmmmemm e 26 22 39 2.7 1.7 1.7 29 1.0 3.0 2.0
fo - 23.4 19.8 15.5 15.9 30.1 203 17.0 44.8 21.1 20.1
O — 7.8 8.6 3.1 55 13.1 110 6.1 17.8 4.5 7.9
o (R — - - 9 - - - 39 8.4 2.8
e —— —_ — - 3 — - — 14 1.6 1.0
fo (pct) ——— 75.0 69.8 83.2 744 69.7 64.9 74.7 71.6 82.5 71.7
fn (pct) - - — 76.3 — — 73.5 83.9 91.5 —
Normative 85.3 838 81.3 77.6 81.2 852 82.7 70.3 68.7 88.7
an (pct).
Modes

di ———— 64.9 nd. nd. nd. nd. nd. nd. n.d. 69.7 51.3
ol-—————— 337 nd. nd. nd. nd. nd. nd. nd. 25.1 28.5
Pl — nd. nd. nd. nd. nd. nd. nd. - 14.8
mt-——-emmeeeeee 1.0 nd. nd. nd. nd. nd. nd. nd. 3 21
hb--—emeeeeeem 2 nd. nd. nd. nd. nd. nd. nd. 5.0 31
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Table 9. Chemical and mineralogic data on rock samples from the layered clinopyroxene-olivine cumulate and olivine-

clinopyroxene cumulate of the intrusive sequence of the Lower Coon Mountain pluton—Continued

Unit Olivine-clinopyroxene cumulate
Sample 17CM81 21CM81 36CMS81 40CMS81 41aCM81 41bCM81 41CM81 42CM81 43CM81 88CMS81
Major elements
Si0p - 432 48.0 42.2 39.8 42.0 4238 45.7 33.1 428 43.5
AlyO3 ————mer 3.20 2.67 2.88 5.70 4.06 3.70 3.20 41 321 2.61
FeTO3 ———— 187 9.53 19.1 21.5 18.6 16.2 12.3 26.3 16.5 15.6
Fe;O3 ————- nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
FeQO———- nd. nd. nd. nd. n.d. nd. nd. nd. nd. nd.
MgO ———— 161 20.1 18.8 12.0 15.7 17.7 19.3 317 195 19.6
Ca0 -—----ermmm 15.9 18.2 15.1 15.1 16.5 15.7 16.9 .38 146 14.8
NayO-- 19 .16 .18 <15 <.15 <15 18 <.15 17 <15
K0 —-—o— <.02 <.02 <.02 <.02 <.02 <.02 <.02 <02 <.02 <.02
H,Of ——ro nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
H,O- - nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
TiOg-—----——- 124 35 1.16 1.25 1.30 1.12 .66 47 92 81
MnQO —--—— 24 17 23 37 22 22 22 33 24 23
COq ~———- nd. nd. n.d. nd. nd. nd. nd. nd. nd. nd.
LOI ————— 2.04 1.24 1.06 4.37 1.96 2.76 2.02 7.14 2.39 291
Total-——  99.28 100.61  100.85 100.26 100.71  100.01 100.6 100.00 10045  100.33
Trace elements
R —~ 2220 2220 2220 220 220 220 2220 2220 220 2220
Ba---——-r- - 7 15 5 30 7 2 7 10 5 7
Co ——-—-—- 70 70 70 100 70 70 50 150 70 70
(@ e -— 700 1,000 300 1,000 300 300 500 700 500 700
Cu e - 10 3 7 20 7 7 7 15 7 7
Ga - H H H H H H H H M H
Ni---—mmemme 200 150 150 300 150 150 150 300 150 200
Sc¢ —--——meee e 70 100 70 300 70 70 70 15 70 70
) R — 7 10 10 20 5 .5 5 <5 10 10
V -emmmomeee- -——— 700 150 300 500 300 300 200 150 300 300
D d 15 <10 <10 30 10 <10 10 <10 10 10
Zn-——--—— - <300 <300 <300 <300 <300 <300 <300 <300 <300 <300
YA B 15 10 10 15 10 <10 15 10 15 <10
Platinum-group elements
Pd---—-eeee- 2 <1 <1 4 1 1 1 2 2 2
Pt oo 40 33 35 12 20 27 25 25 33 13
Rh—--—-mmeemeee <1 <1 <1 <1 <1 <1 13 <1 <1 <1
Ir e — <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Ru - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
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Tqble 9. Chemical and mineralogic data on rock samples from the layered clinopyroxene-olivine cumulate and olivine-
clinopyroxene cumulate of the intrusive sequence of the Lower Coon Mountain pluton—Continued

Unit ~—memm— Olivine-clinopyroxene cumulate
Sample 17CM81 21CM81 36CMS81 40CM81 41aCM81 41bCMS81 41CM81T 42CMS81 43CMS81 88CMS1
CIPW norms
(0 e ——— - 30.1 —— — — - — —_ - —
ab - 6 -— — —_ — — — - -
an-———————- 380 6.6 371 316.3 310.7 398 38.1 9 382 36.7
| e — 1 - 1 1 .1 1 1 1 1 1
R —— 9 4 8 2 7 7 8 3 8 7
L —— 56.6 67.3 464 46.7 49.6 51.3 61.1 6 499 55.2
hy-— — — — — — —_ - — —_ —_
0l —---—- 268 214 357 278 283 31.0 249 93.8 340 319
Ca-ortho ——- 9 — 36 20 38 24 4 .02 14 3
mt--— 41 27 39 4.2 42 33 32 32 36 35
il e 24 . 7 22 25 25 13 1.3 1.0 18 1.6
aAp ——eemmemneee 1 1 1 1 1 1 1 1 1 1
di ----——~——— 353 533 - 29.9 24.1 30.8 338 45.0 4 340 38.1
he----——-———- 198 11.5 15.0 220 134 159 134 2 14.1 15.0
WO ———————- 1.6 34 1.5 6 14 7 27 —_ 1.8 21
fo -=-cmememee—-  16.5 17.3 23.0 13.8 17.4 204 18.8 61.1 23.3 22.3
fa—--———— 102 42 12.7 14.0 10.8 10.6 6.2 328 10.7 9.6
€N ~mm e - — —— — — — — — - —
R — —_ — — -— -— — -— — —
fo (pct) -——- 618 80.5 64.4 49.8 61.7 659 75.3 65.1 68.6 69.8
en (pct) - — — - - — — — — -
Normative 84.3 83.5 83.6 97.6 90.0 89.1 85.1 68.6 85.9 84.8
an (pct).
Modes
di o nd. nd. n.d. nd. nd. nd. nd. nd. nd. nd.
() e -—- nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
pl e - nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
mt-—- - nd. nd. nd. nd. nd. nd. n.d. nd. nd. nd.
hb----——eeemeee nd. nd. nd. n.d. nd. nd. nd. nd. nd. n.d.

1Fe;TO; content and LOI not included in total.

2Six-step semiquantitative spectrographic analysis.

3Calculated by setting Fe;O3 = 0.5 weight percent.

4Calculated using correction FeO3 = TiO, + 1.5 of Irvine and Baragar (1971).
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Table 10. Chemical and mineralogic data on rock samples from the olivine cumulate and dunite and the gabbro of the
intrusive sequence of the Lower Coon Mountain pluton

[X-ray-fluorescence analyses of major-clement oxides in weight percent; analysts: J.S. Baker, A.J. Bartel, L. Espos, J. Taggart, and J.S. Wahlberg.
Emission-spectrographic analyses of trace elements in parts per million; analyst, M. Malcolm. Fire-assay/atomic-absorption analyses of platinum-group
elements in parts per billion; analysts: L. Bradley, C. Gent, J.M. McDade, R. Moore, and S. Wilson. Cross, Iddings, Pirsson, and Washington (CIPW)
norms in weight percent; see text for FeO/Fe,0; adjustments. Modes in volume percent; at least 800 points counted. —, not detected; n.d. not
determined; H. interference; LOI, loss on ignition. All samples contained less than 20 ppm Ag, and less than 0.05 ppm Au]

Unit - Olivine cumulate Gabbro
Sample 82CMG157 14CMB1 63CM81 82CMG64 82CMG99 82CMGI121 82CMP42 20CM81 28CM81 46CM81 47CM81 53CM81 54CMS81 86CM81 101CMS81
Major-element oxides

SiOy—-——— 45.3 356 36.3 4.2 43.5 39.1 43.7 443 41.0 43.3 436 421 48.4 39.8 405
ALL,O3 448 1.07 26 116 11.7 173 13.1 157 9.21 13.0 144 234 9.72 214 871
Fe;TO3—-— 138 246 16.5 132 11.8 145 123 127 182 125 123 12.1 11.1 133 17.7
Fe;O3-————- 4.61 nd. nd. 555 3.48 5.83 422 nd. nd. nd. nd. nd. nd. nd. nd.
FeQ ———o 827 nd. nd. 6.88 749 7.80 7.27 nd. nd. nd. nd. nd. nd. nd. nd.
MgO-—— 217 281 347 13.2 16.9 9.10 118 103 14.1 120 116 420 119 493 146
CaQ~r— 121 3.88 20 159 111 159 15.1 13.0 15.1 146 135 13.1 1562 12.1 15.6
NaO 44 <15 <15 51 .53 46 1.02 157 39 86 .74 224 1.58 1.59 16
KyO 09 <02 <.02 .30 41 21 .02 16 <.02 22 1.06 17 31 1.58 08
HOt -~ 2.86 nd. nd. 1.67 464 3.58 3.28 nd. nd. nd. nd. nd. nd. nd. nd.
HOr ——— 18 nd. nd. 24 57 15 22 nd. nd. nd. nd. nd. nd. nd. nd.
TiO——r 46 56 06 .66 .39 .1.23 91 1.63 1.37 .65 .80 83 76 1.71 118
P05 <.05 <05 <.05 <.05 <.05 <.05 <.05 <.05 <0.05 <.05 <.05 83 1 .80 <.05
MnO——— 25 31 26 .18 .19 .15 17 .19 27 20 17 .10 22 13 23
COy——— 17 nd. nd. 11 .08 a1 07 nd. nd. nd. nd. nd. - — nd.
LOI — 268 5.78 116 143 4.57 259 274 .60 1.15 3.02 218 133 76 268 297

Total-—  1101.83 99.90 99.88 1100.89  1100.57 1100.92 1100.88 10038 10079 10035 10035 10050 100.05 100.02 101.73

Trace elements

B 36 50 <20 15 27 H 17 <20 <20 <20 <20 <20 <20 <20 <20
Ba —~——o 32 5 5 77 73 60 <20 50 20 20 70 70 70 300 15
Co— 88 150 100 59 70 56 55 50 70 50 50 30 30 30 70
Cr————oo 1,400 700 700 480 932 100 480 200 500 300 300 15 300 10 300
Cu: —_ 18 15 7 210 15 290 100 70 70 150 70 150 30 150 30
Ga _ 11 H H 13 11 H 18 20 20 H 15 30 15 30 H
Ni ———— 380 300 300 140 370 91 170 70 70 70 70 15 70 15 100

" Se 55 30 15 64 40 H 51 30 70 30 70 20 70 30 70
Sr— 93 7 <5 320 290 840 490 200 100 300 200 1,000 200 700 150
V. — 180 300 30 390 120 570 440 300 700 300 300 300 300 300 500
Y—— 17 <10 <10 12 10 H 14 20 15 <10 10 15 10 20 10
In————— <50 <300 <300 <50 120 H H <300 <300 <300 <300 <300 <300 <300 <300
Zr——— 59 10 7 37 32 41 43 30 15 15 15 20 30 <10 10

Platinum-group elements
Pd ———meeee- nd. 4 <1 nd. nd. nd. nd. 12 10 13 16 2 1 6 3
Pt nd. 62 28 nd. nd. nd. nd. 24 32 28 26 15 14 15 62
Rhe——em— nd. <1 <1 nd. nd. nd. nd. <1 <1 <1 <1 <1 <1 <1 <1
Ir———— nd. <20 <20 nd. nd. nd. nd. <20 <20 <20 <20 <20 <20 nd. <20
Ru———— nd. <100 <100 nd. nd. nd. nd. <100 <100 <100 <100 <100 <100 nd. <100
CIPW norms

(S 1.1 230.1 18 25 412 1 210 — 213 6.4 513 319 397 — —
ab—————e 38 -— 14 43 46 3.6 8.1 134 - 4.1 28 145 136 3.6 —
Al 9.8 324 — 285 293 416 30.0 357 341.1 321 338 88 188 484 3234
e —— - 1 - - — — —_ — 1 — — - — — 4
ne-———me— - 7 - - — — 4 - 18 1.9 20 - - 56 8
di————— 40.1 145 6 398 21.8 255 378 226 10.8 34.6 28.1 66.5 46.0 7.0 333
hy ——— 10.9 — 15.7 7 11.6 16.2 — 7 - — — — 9 — -—
ol — 25.1 77.7 79.3 14.3 22.8 - 153 184 269 21.3 218 - 139 155 312
Ca-ortho—— - 1 - - - - — - 24 —_ -— - - —_ 46
mt———— 8.1 32 26 9.2 6.5 79 63 46 42 32 34 - 33 48 4.0
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Table 10. Chemical and mineralogic data on rock samples from the olivine cumulate and dunite and the gabbro of the
intrusive sequence of the Lower Coon Mountain pluton—Continued

Unit e eeee Olivine cumulate Gabbro
Sample 82CMG157 14CM81 63CMB81 82CMG64 82CMG99 82CMG121 82CMP42 20CM81 28CM81 46CM81 47CM81 53CMB81 54CM81 86CM81 101CM81
CIPW norms—Continued
il 9 12 1 13 8 22 18 31 26 13 16 21 15 34 23
ap 1 1 1 1 1 1 1 5 1 1 1 2 2 19 1
di 319 93 5 314 16.7 182 279 88 148 245 185 274 316 36 205
he 6.1 47 1 6.4 39 6.2 82 6.5 51 120 8.7 39.2 12.7 34 19
wo 21 5 03 21 1.1 1.1 17 29 9 11 9 29 17 1 9
fo 207 50.0 60.8 117 18.1 - 116 125 195 139 144 — 9.6 7.7 19.0
fa 44 27.7 185 26 47 —_ 38 59 74 75 75 - 42 79 121
en 92 — 12.3 6 94 12.1 - 5 - — —_ - 6 - —
fs o 18 - 34 1 22 41 - 2 — - - - 2 - —_
fo (pct) ———- 26 64.3 76.7 81.8 79.4 —_— 755 68.1 725 65.0 658 - 69.3 49.4 60.8
en (pct) 84.0 - 784 83.2 81.8 745 — 672 - - - - 71.3 - —
Normative 722 65.6 - 86.8 86.3 92,0 772 727 932 81.7 847 349 58.1 789 94.9
an (pct).
Modes

di oo n.d. nd. nd. 87.0 34.1 nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
ol ———e nd. nd. nd. 125 134 nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
pl— nd. nd. nd. 320 47.8 nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
mt —————- nd. nd. nd. 46 9 nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
hb —-eeeee nd. nd. nd. 137 35 nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.

1Fe;TO;3 content and LOI not included in total.
ted using correction FeyO; = TiO, + 1.5 of Irvine and Baragar (1971)
3Contains 0.04 weight percent acmite.
4Contains 1.8 weight percent quartz.
SContains 4.3 weight percent quartz, 8.8 weight percent acmite, and 0.07 weight percent Na-metasilicate.
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Table 11. Average major- and trace-element-oxide composi-
tions of rocks of the intrusive sequence of the Lower Coon
Mountain pluton

[Data from tables 9 and 10. Major-element-oxide analyses in weight per-
cent; trace-element analyses in parts per million]

Unit—--ee— Layered Olivine- Olivine
clinopyroxene- clinopyroxene cumulate Gabbro
olivine cumulate cumulate and dunite

Major-element oxides

5i0 —~——--—- 45.842.6 42.6+3.9 39.115.4 42.842.5
Al,O3--—--- 2.73+0.48 3.20+1.81 1.9412.24 14.114.7
FerTOz--—— 12.9+3.8 16.5+4.7 18.315.6 13.5+2.3
MgO—--—— 19.8+1.7 20.115.2 28.216.5 11.243.7
CaQ—--——- 16.312.4 13.7+4.9 5.39+6.09 14.2+1.6
NayO- 2+0.06 1740.1 44 9740.64
K0 <.02 .09 09 411048
TiOg——--—- .59+0.29 794041 .3640.26 1.0240.41
MnO----—-. -— .21+0.05 .25+0.07 .2740.03 .1840.05

Trace elements

<20 22 43 20+6
10+4 23+42 14216 75478
61111 83128 113433 52415
729+427 728371 9331404 3261254
11110 105 1316 11182
<10 10 11 1947
157435 2414144 327146 104494
76112 87+70 33420 5020
23422 23439 50 324+154
19353 2774170 170+135 3774154
13 1548 17 14+4
<300 <300 <300 120
23 18110 25129 23+14
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Table 12. Chemical and mineralogic data on rock samples from dikes in the Lower Coon Mountain pluton

[X-ray-fluorescence analyses of major-element oxides in weight percent; analysts: J.S. Baker, A.J. Bartel, L. Espos, J. Taggart, and J.S. Wahlberg.
Emission-spectrographic analyses of trace elements in parts per million; analyst, M. Malcolm. Fire-assay/atomic-absorption analyses of platinum-group
elements in parts per billion; analysts: L. Bradley, C. Gent, J.M. McDade, R. Moore, and S. Wilson. Cross, 1ddings, Pirsson, and Washington (CIPW)
norms in weight percent; see text for FeO/Fe,O, adjustments. Modes in volume percent; at least 800 points counted. —, not detected; n.d. not
determined; H. interference; LOI, loss on ignition. All samples contained less than 20 ppm Ag, and less than 0.05 ppm Au)

Sample 82CMG137 82CMGI138 33CM81 44CMS1 Sample———- 82CMG137 82CMG138 33CM81 44CMS1
Major-element oxides Platinum-group elements
Si0y ——-mmee 50.2 49.5 60.7 56.4 Pd ———— nd. nd. <1 4
AlO3——- 11.6 15.3 19.0 13.7 Pt —————— nd. nd. 13 26
Fe;TO3——— 105 109 6.01 6.66 7 Y— nd. nd. <1 <1
Fey03 1.54 2.73 nd. nd. | nd. nd. <20 <20
FeQ ——erm 8.06 7.35 nd. nd. {7 P— nd. nd. <100 <100
MgO——- 123 7.54 1.70 8.40
CaQ———-—o- 109 9.67 3.52 747
NayO—— 128 3.32 441 5.05 CIPW norms
K70 —-omeeeee 48 .10 1.06 15
H,Ot — 3.15 2.62 nd. nd.
H,O ——- 15 .10 nd. nd. e — 20,02 — 34203 303
TiOy——— 67 1.15 55 36 OF —mmemmmmeeeme 29 6 6.5 9
PyOg—--eee 15 19 28 07 ab————— 111 289 - 385 436
i m— 18 19 22 14 an — 252 274 16.1 146
COp ~-mor 15 33 nd. nd. di — 237 16.9 — 14.6
LO-———-—-- 2.62 2.24 240 1.17 ) | — 332 14.9 8.8 18.8
(¢ e — - 45 — -—
mt - 23 45 3.1 238
Total—-  1100.81 1100.09 99.85 99.57 1 (— 1.3 23 1.1 7
ap—————— 4 4 7 2
- di ———— 16.1 10.8 - 135
Trace elements he —— 6.7 5.6 — 39
WO-————————- 9 5 - 8
fo ——- — 29 - —
B e <10 23 <20 <20 fa ———m———— — 1.6 - -—
Ba e 260 100 300 70 [ T 234 9.8 44 6.7
Co-——emm 47 36 15 30 e 9.7 5.1 4.5 20
Cr——meeeeee 700 140 3 300 fo (pct)}——-- -— 63.7 —— -—
Cu-—-rmmemme 65 130 7 7 en (pct)—-—— 70.6 66.0 49.3 77.5
Ga-———— 11 21 30 H Normative 69.3 48.6 295 25.0
| e — 200 130 50 150 an (pct).
S 43 32 7 30
Sr ———- 290 650 500 300
Voo 230 290 70 150 1Fe; TO3 and LOI not included in total.
Y 18 25 30 <10 2Contains 17 ppm Pb.
Zn-——e— 170 80 <300 <300 3Calculated using correction Fe,O3 = TiO; + 1.5 of Irvine
Y R 120 100 30 and Baragar (1971).

4Contains 5.0 weight percent corundum.
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Table 13. Analyses of titanium dioxide and selected trace and platinum-group elements in rock samples from the Lower Coon
Mountain pluton

[Six-step semiquantitative spectrographic analyses of trace elements in parts per million; TiO, contents in weight percent. Fire-assay/atomic-absorption
analyses of platinum-group elements in parts per billion; analysts: L. Bradley, C. Gent, J.M. McDade, R. Moore, and S. Wilson. n.d., not determined]

Platinum-group elements Trace elements
Sample
TiO, Cu Ni Co Cr v Pd Pt Rh Ir Ru
LAYERED SEQUENCE
Clinopyroxene-olivine cumulate
4CM81 ————— 05 15 150 70 300 300 1 22 <1 <20 <100
30CM81 ~—-meme- 5 10 100 70 300 300 1 27 <1 <20 <100
71CM81 ~————— nd. nd. nd. nd. nd. nd. 1 15 <1 <20 <100
79CM81 ~—————- 7 10 100 70 300 500 1 11 <1 <20 <100
100CMS81 5 70 30 30 70 300 4 35 <1 <20 <100
101CMS81 5 30 100 70 300 500 33 62 <1 <20 <100
82CMG78 ——— 2 5 70 30 500 300 1 <10 <1 nd. nd.
82CMG88 ——meeme 2 5 70 50 500 300 1 <10 <1 nd. nd.
82CMG92 ———m—- 2 15 150 30 500 300 1 <10 <1 nd. nd.
82CMG103 ——— 3 50 100 30 300 300 16 42 <1 <20 <100
82CMG107 ———— 2 10 70 30 300 700 31 65 <1 nd. nd.
82CMG108 —— 3 15 150 30 500 300 8 23 1 <20 <100
82CMG110 ——— 3 15 150 50 300 300 2 <10 1 <20 <100
82CMG110DUP - 15 7 70 30 300 300 2 42 <1 nd. nd
82CMG127 ——— 15 5 70 30 300 300 9 45 2 nd. nd.
82CMG133 ——— .15 3 100 30 500 200 1 10 1 nd. nd.
82CMG172 —— nd. nd. nd. nd nd. nd. 5 13 <1 nd. nd.
82CMP6 -~ 82 2 160 93 410 790 2 <10 <1 n.d. nd.
82CMP7 —————- 56 17 200 94 640 570 1 <10 <1 nd. nd.
82CMP8 - .15 7 50 30 700 150 2 <10 <1 nd. nd.
82CMP10 ————- 2 7 50 30 150 300 2 <10 <1 nd. nd.
82CMP11 ————- 3 7 50 50 200 500 1 <10 <1 nd. nd.
82CMP34 3 10 50 50 300 500 3 24 <1 <20 <100
82CMP36 ————- nd. nd. nd. nd. nd. nd. 1 <10 <1 nd. nd.
Plagioclase-rich clinopyroxene-olivine cumulate

84CM81 -————— 191 230 <1 <20 <100 nd. nd. nd. nd. nd. nd.
82CMG19 ——— 4 <10 <1 nd. nd. nd. nd. nd. nd. nd. nd.
82CMG75 ———-—- 9 2 <1 nd. nd. 20 70 30 500 70 2
82CMG77 ————- 14 20 <1 nd. nd. 50 70 30 500 200 15
82CMG116 ———— 4 12 <1 <20 <100 33 240 87 820 410 67
82CMG131 —— 3 14 <1 <20 <100 100 70 50 200 300 3
82CMG134 ——— 9 15 <1 nd. nd. 100 70 50 300 500 3
82CMG136 ——— 2 <10 <1 nd. nd. 20 50 30 200 300 2
82CMG146 ———- 7 <10 <1 nd. nd. n.d. nd. nd. nd. nd. nd.
82CMG146DUP- 6 10 <1 nd. nd. 50 70 30 500 300 3
82CMG150 ———— 6 <10 <1 nd. nd. 50 50 30 300 300 3
82CMG152 ~——-—- 33 37 <1 nd. nd. 10 70 50 500 500 3
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Table 13. Analyses of titanium dioxide and selected trace and platinum-group elements in rock samples from the Lower Coon
Mountain pluton—Continued

Platinum-group elements Trace elements
Sample
TiOy Cu Ni Co Cr A" Pd Pt Rh Ir Ru
Plagioclase-rich clinopyroxene-olivine cumulate—Continued
82CMP4-—————- 5 10 <1 nd. nd. 20 50 50 200 - 300 3
82CMP9 ———— 8 32 <1 <20 <100 110 80 120 280 730 1.1
82CMP30) ——— 1 <10 <1 nd. nd. 100 30 20 150 150 2
82CMP32 3 <10 <1 nd. nd. 20 50 30 300 200 2
INTRUSIVE SERIES
Layered olivine-clinopyroxene cumulate
10CM81 ~——eeme <1 17 <1 <20 <100 7 100 50 500 200 0.2
49CM81 -————— 10 38 <1 <20 <100 30 150 50 700 200 15
50CM81 ~eeeeeee <1 10 <1 nd. nd. 7 200 70 300 200 2
56CM81 ~—-eeememee 1 32 <1 <20 <100 15 150 70 300 300 3
82CMG28 1 <10 <1 nd. nd. nd. nd nd nd. nd nd
82CMG34 1 13 1 nd. nd. 7 100 30 200 300 3
82CMG37 1 <10 <1 nd. nd. 1 70 30 700 150 1
82CMG58 ——— 47 81 1 nd. nd. 30 150 30 700 300 15
82CMG96 3 <10 <1 nd. nd. 20 70 30 700 200 15
82CMG97 8 20 <1 nd. nd. 15 150 20 700 150 15
82CMG176 ——— 3 <10 <1 nd. nd. nd. nd nd nd. nd nd
82CMPS -———— 5 10 <1 nd. nd. 100 79 150 420 680 82
82CMP16 3 62 1 nd. nd. 1 70 30 1,000 150 1
82CMP17 1 18 <1 nd. nd. 2 70 30 500 100 07
82CMP21 2 <10 <1 nd. nd. 7 70 30 300 150 15
82CMP24 4 210 <1 nd. nd. 10 70 30 500 200 2
82CMP24DUP —- 3 <10 <1 nd. nd. 15 50 30 700 300 3
82CMP35 <1 14 <1 nd. nd. nd nd. nd nd. nd nd
82CMP39 2 <10 <1 nd. nd. nd nd. nd nd. nd nd
82CMP40 2 <10 <1 nd. nd. nd nd. nd nd. nd nd
17CM81 oo 2 40 <1 <20 <200 10 200 70 700 700 7
21CM81 e <1 33 <1 <0 <100 3 150 70 1,000 150 15
36CM81 -~ <1 35 <1 <20 <100 7 150 70 300 300 5
40CMS81 ~—eee— 4 12 <1 <20 <100 20 300 100 1,000 500 7
41CM81 ——m— 1 25 13 <20 <100 7 150 50 500 200 2
41ACM81 ———— 1 20 <1 <20 <100 7 150 70 300 300 3
42CM81 ——eem 2 25 <1 <20 <100 15 300 150 700 150 15
43CM81 ~—eeeeeee - 2 33 <1 <20 <100 7 150 70 500 300 3
82CMG3 ——— <1 27 <1 nd. nd. 15 70 30 700 150 07
82CMG4 ——— 1 82 4 nd. nd. 3 300 70 1,500 70 03
82CMG8 ~————— 6 40 1 nd. nd. 7 150 50 500 200 2
82CMG10 ———— 1 <10 <1 nd. nd. nd. nd. nd. nd. nd. nd.
82CMG32 1 40 <1 nd. nd. nd. nd. nd. nd. nd. nd.
82CMGS56 8 23 1 nd. nd. nd. nd. nd. nd. nd. nd.
82CMG56DUP — 2 12 <1 nd nd. 7 150 30 700 300 2
82CMG63 ————- 3 12 <1 nd nd. 7 100 30 700 150 15
82CMG68 e <1 <10 <1 nd nd. 5 100 50 700 100 15
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Table 13. Analyses of titanium dioxide and selected trace and platinum-group elements in rock samples from the Lower Coon
Mountain pluton—Continued

Platinum-group elements Trace elements
Sample
TiO, Cu Ni Co Cr A% Pd Pt Rh Ir Ru
INTRUSIVE SERIES—Continued
Layered olivine-clinopyroxene cumulate—Continued
82CMG140 —— 5 35 <1 nd. nd. 15 700 70 1,000 70 07
82CMPl -~ 1 23 1 nd. nd. 7 100 70 300 700 5
82CMP2 -~ <1 13 <1 nd. nd. 73 70 280 100 60 09
82CMP23 1 <10 <1 nd. nd. 7 70 30 700 150 1
82CMP26 ———— 1 <10 <1 nd. nd. 10 100 30 1,500 150 1
82CMP38 ———— 2 <10 <1 nd. nd. nd. nd. nd. nd. nd. nd.
Olivine cumulate and dunite
14CM81 ———— 4 62 <1 <20 <100 15 300 150 700 300 0.2
63CM81 -~ <1 28 <1 <20 <100 7 300 100 700 30 03
82CMG33 —— 1 50 <1 nd. nd. nd. nd. nd. nd. nd. nd.
82CMG62 5 13 <1 nd. nd. 10 150 70 100 150 1
82CMG9%4 8 <19 2 nd. nd. 10 300 30 1,000 70 05
82CMG98 1 <10 1 nd. nd. 7 300 70 500 200 2
82CMG113 ——— 10 15 1 nd. nd. 2 300 70 700 100 07
82CMG117 —— 3 <10 1 nd. nd. 20 200 50 1,000 100 05
82CMG122 —— 1 <10 <1 nd. nd. 7 200 70 15 10 01
82CMGI123 ———— 2 4 <1 nd. nd. 10 200 70 10 7 007
Gabbro
20CM81 - 12 24 <1 <20 <100 70 70 50 200 300 0.7
28CM81 -————— 10 32 <1 <20 <100 70 70 70 500 700 7
35CM81 ~~———— 3 33 <1 <20 <100 15 150 70 500 700 7
46CM81 ~————— 13 28 <1 <20 <100 150 70 50 300 300 2
47CM81 ~———— 16 26 <1 <20 <100 70 70 50 300 300 3
86CMS81 - 1 14 <1 <20 <100 150 15 30 10 300 3
98CM81 ————— 18 60 <1 <20 <100 7 100 70 300 300 5
82CMG64 ————- 16 <10 <1 nd. nd. 210 59 140 480 390 35
82CMG64DUP — 16 24 <1l nd. nd. 150 100 30 300 300 15
82CMG87 ——— 24 36 <1 nd. nd. 7 30 20 150 300 2
82CMP22 ———— 8 <10 <1 nd. nd. 100 50 20 150 300 2
82CMP29 ———- 7 <10 <1 nd. nd. 20 50 20 200 150 3
Intrusive feldspathic pyroxenite

82CMG112 ——— 1 <10 <1 nd. nd. 15 70 20 300 100 0.05
82CMG36 —-— 13 12 <1 nd. nd. 1 70 30 700 150 1
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Table 13. Analyses of titanium dioxide and selected trace and platinum-group elements in rock samples from the Lower Coon
Mountain pluton—Continued

Platinum-group elements . ‘ Trace elements
Sample
TiO, Cu Ni Co Cr \'’% Pd Pt Rh Ir Ru
POSTPLUTONIC INTRUSNE DIKES
33CM81 ——— <1 13 <1 <20 <100 7 50 15 3 70 03
44CM81 ————— 4 26 <1 <20 <100 7 150 30 300 50 2
53CM81] ————— 2 15 <1 <20 <100 150 15 30 15 300 5
82CMG12 1 <10 <1 nd. nd. nd. nd. nd. nd. nd nd.
COUNTRY ROCKS
73ACMS81 1 46 <1 20 <100 3 50 70 300 300 05
74CM8] ~————— 4 33 <1 nd. nd. 50 15 <5 150 300 5
75CM81 ~————— 9 9 <1 <20 <100 300 50 20 30 150 3
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Table 14. Analyses of selected trace and platinum-group elements in soils developed on the Lower Coon
Mountain pluton

[Six-step semiquantitative visual-spectrographic analyses of trace elements (Co, Cr, Cu, Ni, V) in parts per million; analysts:
L. Bradiey and M. Malcolm. Fire-assay/atomic-absorption analyses of platinum-group elements (Pd, Pt, Rh) in parts per billion;

analysts: L. Bradley, .M. McDade, and R. Moore. —, not detected; n.d., not determined]

Soils

Sample-——. 5aCM81 5bCM81 6aCM81! 6bCM812 6cCMB1 7aCM81 7bCM81 7cCMS81  7dCM81 11aCM813 11bCMB1® 22aCMS1
Depth 0-10 11-21 0-10 11-21 25-30 0-10 11-20 21-27 28-37 0-10 10-20 0-9
interval
(cm).
Pd 1 3 2 2 3 2 2 3 3 16 15 2
Pt 18 27 37 23 64 40 140 34 22 33 31 49
Rh———— 1 1 2 1 2 1 <1 2 2 <1 1 <1
Co 100 150 100 100 100 150 150 150 150 70 70 100
Cr 700 1,000 1,000 1,500 1,500 1,500 1,500 1,500 1,000 500 700 1,500
Cu. 15 50 30 50 50 20 20 30 30 30 30 10
Ni 200 200 300 200 300 150 200 200 200 150 150 300
V— 700 700 700 700 700 700 700 500 500 200 300 300
Protolith
Sample——-- 4CMS81 4CM81 10CM81
Unit. Je Je Je Ji
Pd 1 1 <1
Pt 22 22 17
Rhoeo— <1 <1 <1
Co 70 70 50
Cr 300 300 500
Cu. - 7 7 7
Ni 150 150 100
V- 300 300 200
Soil/rock ratio
Pd 1 3 2 2 3 <16 <15 nd.
Pt 81 1.2 17 1.0 29 1.9 1.8 nd.
Rh—— <1 <1 <2 <1 <« <1.0 <1.0 nd.
Co. 14 2.1 1.4 14 14 1.4 14 14
Cr 23 33 3.3 5.0 5.0 1.0 14 1.5
Cu- 2.1 7.1 43 7.1 71 43 43 33
Ni ~—en 13 13 20 1.3 2.0 15 1.5 2.0
Ve 23 2.3 2.3 23 2.3 1.0 1.5 2.0
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Table 14. Analyses of selected trace and platinum-group elements in soils developed on the Lower Coon
Mountain pluton—Continued

Soils

Sample— 22bCM81 22cCM81 23aCMS81 23bCM81 23cCM81 23dCM81 26aCM81 26bCM81 26cCM81 27aCM81 27bCM81 27cCM81

Depth 10-15 16-24 0-7 8-17 18-24 25-28 0-11 12-20 21-23 0-8 9-17 18-26
interval
(cm).
Pd 1 33 <1 1 1 1 2 2 2 2 2 1
) — 45 115 53 63 47 51 175 181 14 120 160 84
Rh-eeeeee— 2 <1 1 2 2 <1 3 3 2 <1 2 <1
Co—m 100 100 70 70 70 50 150 150 100 100 100 100
Cr 1,500 1,000 1,000 1,000 1,000 700 2,000 2,000 2,000 3,000 3,000 2,000
Cu- 10 10 2 2 1.5 15 15 15 7 7 10 5
Ni 300 300 100 150 150 100 300 300 300 300 300 300
A 500 500 150 150 150 100 150 150 150 150 200 200
Protolith
Sample—— 21CM81
Unit——— Joc n )i Joc
Pd nd.
Pt nd.
Rh—— nd.
Co 70
Cr - 1,000
Cu 3
Ni 150
Ve 150
Soil/rock ratio
Pd nd. nd.
Pt————— nd. nd.
Rhe——— nd. nd.
Co—emen 14 14
Cr 1.5 1.0
Cu 33 33
Ni 20 20
V. 33 33
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Table 14. Analyses of selected trace and platinum-group elements in soils developed on the Lower Coon

Mountain pluton—Continued

Soils

Sample—— 37aCM814 37bCM81 60aCM81 60bCM81 60cCM81 62aCMB81 62bCM81 64aCM81 64bCMS81 70aCM81 70bCMB81 70cCM81

Depth 0-11 12-17 0-9 10-15 16-29 0-12 13-28 0-14 15-23 0-13 14-21 22-36
interval
(cm).
Pd 3 4 1 <1 1 1 1 2 3 2 3 2
Pteeeee—— 49 59 20 4 44 128 150 119 46 61 55 107
Rhe—r—- 1 1 <1 <1 <1 1 4 33 <1 <1 <1 1
Co 150 150 100 100 70 50 70 150 150 70 70 70
Cr 1,000 700 300 300 200 1,500 1,500 3,000 2,000 1,000 1,000 1,000
Cu. - 20 20 7 10 7 3 3 15 15 7 7 7
Ni 200 150 150 150 150 150 150 700 700 150 150 150
N — 700 700 700 700 700 150 70 150 150 500 300 500
Protolith
Sample—- 36CM81 67CM81 63CM81 71CM81
Unit J Je N 1 Jp
Pd <1 1 <1 1
Pte——— <35 64 28 15
Rh—r— <1 <1 <1 <1
Comrm—mmme 70 70 100 150
Cr e 300 1,000 700 300
Cu - 7 2 7 15
Nj ——— 150 150 300 150
Vermeameeeee 300 150 30 700
Soil/rock ratios
Pd———- <3 <4 1.0 1.0 <1.0 <3.0 2 3 2
Pt 14 1.7 2.0 23 43 1.6 41 3.7 7.1
Rh——rm <10 <1.0 <1.0 <4.0 <3.0 <1.0 <1.0 <1.0 <1.0
Commammmev 2.1 2.1 7 1.0 1.5 1.5 5 5 5
Cr - 33 23 1.5 1.5 4.3 29 33 33 33
Cur——e 29 29 1.5 1.5 21 21 5 5 5
Nij o 1.3 1.3 1.0 1.0 2.3 23 1.0 1.0 1.0
Vo 23 23 10 5 5.0 7 7 4 7
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Table 14. Analyses of selected trace
and platinum-group elements in
soils developed on the Lower Coon
Mountain pluton—Continued

Soils

Sample—-  81aCM81 81bCMS81 81cCMS81

Depth 012 1315 1620
interval
(cm).
Pd 1 2 2
Pt 17 27 31
Rh—omee 1 1 1
Co 70 100 70
Cr 700 700 1,000
Cu——— 7 7 30
Ni 200 150 300
Vee—oo| 1000 700 500
Protolith
Unit Je
Pd
Pt
Rh——
Co
Cr
Cu
Ni
V.
Soil/rock ratio
Pd
Ptoe——ee
Rh.
Co.
Cr
Cu
Ni
V.
IContains 220 ppb Au.
2Contains 70 ppb Au.
3Lateral auger hole in roadcut.
4Contains 130 ppm Ag.
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Table 15. Estimated average major-element-oxide contents of rocks of the layered and intru-
sive sequences of the Lower Coon Mountain pluton and of ultramafic rocks on Duke Is-

land, Alaska

[Major-element-oxide analyses in weight percent. —, insufficient data)

Sample 1 2 3 4 5 6 7 8 9
Si0p——— 427 45.8 44.2 46.7 46.2 46.1 48.6 47.3 50.0
AlLOg——- 548 4.39 4.96 49 - —_— - —_ -
FeTO 17.5 133 15.5 10.5 13.0 18.9 141 16.6 11.2
MgO 17.0 19.6 18.2 19.4 224 18.3 20.8 19.5 20.8
CaQ————— 155 15.5 155 16.9 184 16.7 165 16.6 18.1
NayO-—me 26 .29 27 6 — — —_ —_ -
K20--mmmeme - 09 05 07 — — — — -
TiOp——— 1.34 74 1.05 6 - - - -— —
MnO —---—-o .26 23 25 12 - — — - -
Total—  100.04 99.94 99.98 99.79  100.0 100.0 100.0 100.0 100.1

SampLE 1. Layered sequence; average composition calculated from data in tables 1 and 8, normalized to

100 weight percent.

2. Intrusive sequence; average composition calculated from data in tables 1 and 11, normalized

to 100 weight percent.

3. Lower Coon Mountain pluton; average composition calculated from data in tables 1, 8, and

11, normalized to 100 weight percent.

4. Duke Island ultramafic rocks; average composition reported by Irvine (1974, table 19, col. 1),

normalized to 100 weight percent.

5. Composition of point m in figure 6B of Presnall (1966, p. 768), showing the join CaSiO3-MgO-
iron oxide-SiO; at 10~6 atm oxygen fugacity.

6. Column 1 recalculated to four oxides.
7. Column 2 recalculated to four oxides.
8. Column 3 recalculated to four oxides.
9. Column 4 recalculated to four oxides.
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