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Petrology of Igneous Rocks and Wall Rock Alteration,
Mayflower Mine, Wasatch County, Utah

Part 1: Primary Rock and Mineral Compositions
Abstract

Small, predominantly granodioritic stocks of Tertiary age are the host
and possibly the source of important Cu-Pb-Zn-Ag-Au deposits in the Mayflower
mine. The two stocks exposed in the mine are part of a series of intrusive
and extrusive centers of Eocene to Miocene age in the central Wasatch Range.
Ore deposits in the Mayflower mine and elsewhere in the Park City district are
localized along normal faults which cut the youngest igneous rocks. Prior to
normal faulting there was a complex sequence of alteration and introduction of
uneconomic quantities of sulfide minerals.

The oldest intrusion in the mine is the 41-m.y.-0ld Mayflower porphyry
stock, a composite intrusion with pronounced lateral zonation of composition
and texture. The marginal facies has vertical flow structure parallel to the
intrusive contact and ranges in compositioﬁ from diorite to monzodiorite. The
core facies was pressure quenched to a create an aphanitic quartz-eye
porphyry. The granodioritic core is somewhat more silicic-alkalic in
composition than the marginal facies. Changes in texture and mineralogy over
short lateral distante are interpreted to have been caused by variation in
volatile content and by magma movement during crystallization.

The 34-m.y.-old Ontario porphyry stock intrudes the Mayflower porphyry
stock below the 2,200 mine level. It is coarser grained than the Mayflower
and more alkalic in composition (granodiorite to monzogranite).

Discontinuous, thin stringers of felsite cut the Mayflower and Ontario stocks
and represent volatile-rich differentiates released into dilatant zones during

late magmatic stages.

Compositions of mafic silicates yield useful information about conditions

of crystallization. Primary biotites are moderately magnesian (Fe: Fe+Mg+Mn =
0.35¢0.05). Ferric iron content is at least 12 atom percent, based on wet



chemical analyses and recalculated microprobe analyses. Biotite compositions
suggest that crystallization occurred at about 900°C, fp,, about 10“11 bars,
and fy o about 800 bars. Actinolite (amphibole) phenocrysts are relatively
rich in Si and Mg with Fe+tMg+Mn ratios ranging from 0.35 to 0.13 and
tetrahedral Al less than 0.5 atoms. These amphibole compositions are unusual
for granitic rocks and may reflect subsolidus re-equilibration, although that
is not evident texturally. The amphiboles probably formed close to minimum T
and Py 0 conditions for their stability. Pyroxene occurs in a few samples
from upper mine levels and may represent the breakdown products of amphibole.
Of all the mafic minerals examined, biotite best retains its primary composi-
tion, and thus yields the most reliable information on primary conditions.

Textural and compositional features of the stocks in the Mayflower mine
are similar to those in other copper-bearing "porphyry copper" stocks. As in
some porphyry copper stocks, pyrite and chalcopyrite are disseminated in the
highly porphyritic core facies. Although known concentrations in the
Mayflower stock are too low to be economic, the disseminated copper sulfides
may have been the source for the later postmagmatic vein ores. The abundance
of anhydrite and important copper and gold in the mine could be the result of
late-magmatic oxidation by loss of HZ' The oxidizing conditions would
facilitate hydrothermal transport of copper and gold. Late-magmatic oxidation
may have occurred as a result of the shallow depth of emplacement and pressure
quenching with loss of volatiles.

INTRODUCTION

The Mayflower mine, located about 45 km southeast of Salt Lake City,
Utah, was an important producer of copper, gold, lead, zinc, and silver from
1939 until its closure in 1973. Although replacement and vein deposits in
Mississippian sedimentary rocks in the Mayflower mine are similar to other
typical ores of the Park City district, more than 80 percent of its production
came from veins within Tertiary intrusive rocks (Quinlan and Simos, 1968).
The intra-intrusive veins were rich in copper and gold, and the deposits in
sedimentary rocks were rich in lead, zinc, and silver. The Mayflower mine
afforded excellent exposures of the Tertiary intrusive rocks over a vertical
interval of about 1,000 m (3400 ft), and the underground workings exposed
features that could not be observed at the surface. Petrologic studies were



done to describe the composition of the igneous rocks and effects of several
stages of hydrothermal alteration which occurred both before and during ore

deposition.

The Park City district has yielded more than $600 million from deposits
rich in galena, sphalerite, and enargite. Only in the Mayflower mine were
chalcopyrite and native gold important. Most ore has come from Permian and
Mississippian carbonate rocks. Tertiary igneous rocks (Fig. 1) have been
described by Boutwell (1912), Bromfield (1968), and Bromfield and others
(1977). Intrusive rocks west of the Park City district (Fig. 1) are coarse-
grained granodiorites about 41 and 35 m.y. old (Bromfield and others, 1977).
In the Park City district there are at least six distinct porphyry intrusions
including the Mayflower porphyry stock. The intrusions range in age from
about 41 to 35 m.y. About 5 km east of the Mayflower mine, the 34-36 m.y. old
Keetley Volcanics are intruded by slightly younger stocks. Hydrothermal
biotite in the Mayflower mine yields ages about 33 m.y.; the hydrothermal
biotite formed somewhat earlier than the intra-intrusive vein deposits.
Potassium-argon ages indicate that intrusion, extrusion, and early
hydrothermal alteration overlapped in time between about 41 and 33 m.y. ago
(Bromfield and others, 1977).

The deposits in the Mayflower mine are localized along the Mayflower-
fault zone (fig. 1), a series of bifurcating normal faults with about 30 m of
vertical displacement (Quinlan and Simos, 1968). Most ore has come from the
Mayflower, Pearl, and No. 3 veins. Samples described here come from the 800
to 3,000 mine levels, the numbers representing depth in feet below the
surface; some samples are from a drill core that penetrated about 300 m below
the deepest mine workings. Evidence from a fluid-inclusion study (Nash, 1973)
suggests there was originally about 900 to 1,200 m of cover above the
Mayflower vein outcrop. Thus the rocks and ores described here formed at
about 1 to 2.5 km depth, or at about 300 to 750 bars lithostatic pressure.

"Unaltered" igneous rocks are the subject of this report. It is well
known that no plutonic rocks escape sub-solidus alteration and re-
equilibration. Plutonic rocks in the Mayflower mine are typical in this
respect, and also underwent multiple periods of intrusion and vein
formation. The purpose of this study is to identify the least altered rocks
and determine the composition of the igneous rocks prior to several stages of
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Figure 1.--Index map showing location of Mayflower mine and igneous
rocks of the Park City district (geology after Baker and others,

1966; Bromfield and others, 1970; Bromfield and others, 1971).
Ages of intrusive rocks are from Bromfield and others (1977).



hydrothermal alteration. The chemistry and mineralogy of the hydrothermally
altered igneous rocks have been summarized previously (Nash, 1975) and are the
subject of further study.
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METHODS OF STUDY

Fieldwork for this study began in 1969 and continued until the mine
closed in 1973. Mine observations were made and sampling done in
collaboration with Calvin Bromfield, U.S. Geological Survey, and John Simos
and Walter Freeman, formerly with the Helca Mining Company. Most attention
focused on active workings below the 1880 mine level. Limited studies were
made of accessible portions of higher levels. One or more samples from about
400 localities were examined in the laboratory. Petrographic studies were
made of more than 400 thin sections, and modal analyses made of 55 sections.
Thin sections and ground slabs were generally stained to facilitate
identification of feldspars. Several hundred X-ray diffraction analyses were
used to identify ore, gangue, and alteration minerals. Chemical analyses
performed on 40 rocks were done by rapid methods to determine major element
contents (Shapiro and Brannock, 1956) and by atomic absorption, X-ray
fluorescence, or spectrographic methods to determine minor elements contents.

Quantitative chemical analyses of approximately 250 mineral grains in 28
polished thin sections were made using an ARL model EMX microprobel.
Operating conditions were 15 kV accelerating voltage, 3X10'8 amp sample
‘current, and fixed count of beam current to minimize instrumental drift. LiF,

1 Brand names used in this report are for descriptive purposes only and do
not constitute endorsement by the U.S. Geological Survey.



ADP, and RAP crystals were used to analyze for Si, Al, Ti, Fe, Mg, Mn, Ca, Na,
and K in sets of three for most samples. Beam diameter was close to 1 um
(micrometer) for maximum selectivity. Intensity data were corrected by
computer for background, drift, atomic number, and matrix absorption (Beeson,
1967). Mineral standards included biotite, amphibole, magnetite, and ilmenite
of established uniform composition, and a glass standard was used for feldspar

analyses.

FIELD RELATIONS

Four intrusive rock types occur in the Mayflower mine: the Mayflower
porphyry stock, the Ontario porphyry stock, the Valeo porphyry stock, and
local felsic dikes and stringers. Corresponding rock units have been mapped
at the surface (Bromfield, 1968; Bromfield and others, 1970). The largest
body exposed in the mine is the Mayflower porphyry stock (fig. 2), which crops
out over approximately 5 km2 at the surface. Megascopically, the Mayflower
porphyry stock is dark green or gray and contains plagioclase, amphibole,
biotite, and quartz phenocrysts in an aphanitic matrix. The western and
central parts commonly exhibit an alinement of plagioclase and biotite
phenocrysts. The foliation defined by biotite, and the lineation defined by
plagioclase, are nearly vertical and are parallel to the intrusive contact.
The eastern exposures of the Mayflower in the mine are more distinctly
porphyritic than to the west and contain prominent quartz-eye phenocrysts.

The contact of the Mayflower porphyry stock with sedimentary wall rocks
has local irregularities, but over the 2,400 feet (730 m) of vertical exposure
in the mine the average dip is nearly vertical (fig. 2). Sedimentary strata
show very little deformation near the contact. Contact zone metamorphism
generally consists of silicification with local development of small amounts
of garnet, chlorite, serpentine, and epidote. Only a few sedimentary
xenoliths have been observed.

The Ontario porphyry stock is light gray and coarser grained than the
Mayflower porphyry stock, and contains prominent books of biotite. The
Ontario clearly intrudes the Mayflower as seen in excellent exposures below
the 2,200 level (fig. 2). There is very little change in grain size at the
contact. The Ontario has not been observed above the 2,200 mine level. This
is the south edge of the Ontario stock, which outcrops over approximately
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3 km? and enlarges with depth (Bromfield and others, 1970). Locally, the
Ontario is altered to a friable, punky mass, resulting from pervasive
replacement of plagioclase by montmorillonite or sericite. This alteration,
which caused caving in mining, does not appear to be related to ore or to

faults.

The Valeo stock is probably younger than the Mayflower, although contact
relations are not clear underground or on the surface (Bromfield and others,
1970). The Valeo stock has prominent euhedral plagioclase phenocrysts and
quartz "eyes". In the mine it occurs in small dikelike bodies that are highly
altered. The Valeo has not been studied much and will not be considered
further.

Numerous thin, erratic stringers and dikes of fine-grained pink felsite
cut both the Mayflower and Ontario porphyry stocks. The felsite occurrences
are widely scattered, but are most abundant in the vicinity of the Mayflower-
Ontario contact and in the gradational transition between the core and margin
facies of the Mayflower. None of the felsite bodies is large enough to be
mapped for more than a few meters. There are probably two ages of felsite
intrusion related to the Mayflower and Ontario intrusions, respectively. Some
are clearly within and derived from the Ontario porphyry stock. Others show
no relation to the Ontario stock and occur in the Mayflower stock in zones of
sugary-textured felsic seams that have gradational contacts with the enclosing

Mayflower porphyry stock.

IGNEOUS PETROLOGY

According to petrographic and chemical descriptions, most Tertiary
intrusive rocks in the Park City district (Boutwell, 1912; Bromfield, 1968;
Bromfield and others, 1977) are granodiorites, or quartz diorite by Boutwell's
classification. Because poor exposures and weathering severely hamper mapping
and sampling for detailed petrologic studies, the deep and wide exposures of
the Mayflower mine were used. Although rocks underground are much fresher
than at the surface, all have experienced some hydrothermal alteration. The
rocks described here are the freshest, least altered examples I could
collect. Presence of magnetite and amphibole was one criterion used to select
these rocks. These are not pristine samples, but serve as a datum against
which altered rocks will be compared.



Textures

Textures of the intrusive rocks are highly variable but are diagnostic
for purposes of mapping. The fine grain size of many rock types precludes
megascopic recognition of many features and especially hampers recognition of
local variations during inspection of mine workings or core. Characteristic
phenocryst and matrix features are the basis for recognizing five textural
types in three units (table 1). The Mayflower porphyry stock has two textural
variants.

Two distinctive phenocryst and matrix textures are observed in the
Mayflower porphyry stock, one in the core and the other in the western
margin. Gradations between the two end members occur across a transition zone
to be described later. The core of the Mayflower intrusion is characterized
by stubby, anhedral plagioclase phenocrysts (fig. 3a, 3b), 1-5 mm long. These
are poorly twinned: pericline twinning is rare and less than 50 percent of
the phenocrysts display albite twinning. Quartz phenocrysts are prominent and
have euhedral, resorbed, or angular morphology. Biotite and amphibole also
occur as phenocrysts. The matrix is an extremely fine grained (20-50 um)
intergrowth of quartz, K-feldspar, and untwinned plagioclase. Grain size of
matrix minerals is locally as much as 250 um. Rocks with the extremely fine-
grained matrix occur in the eastern part of the mine (fig. 4), whereas rocks
with the somewhat coarser (50-250 um) microgranular matrix occur in the
central part of the mine.

A second textural type of porphyry in the Mayflower occurs in the western
part of the mine near the intrusive contact, hence is called the margin facies
(fig. 4). 1In contrast to the core facies, plagioclase phenocrysts are smaller
(1 to 3 mm), elongate, euhedral, and consistently well twinned according to
albite, carlsbad, and pericline laws. Biotite and/or amphibole phenocrysts
are present, but quartz phenocrysts are not observed. Plagioclase phenocrysts
commonly are alined in a flow fabric (fig. 3c). Within the margin facies two
matrix types are observed. One is seriate, consisting of relatively coarse
granular quartz and K-feldspar approximately 100 to 800 um size. Rectangular
plagioclase commonly is present also and can be alined in the same manner as
the phenocrysts. The other variety is microgranular with 40 to 100 um
plagioclase, K-feldspar and quartz. Quartz commonly is in crystallographic
continuity for as much as 300 ym. The quartz-enclosed feldspar aggregate
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resembles a gfanophyfic intergrowth. No systematic distribution of matrix
varieties in the margin facies is apparent.

Locally, equigranular, sugary-textured rocks grade into normal Mayflower
porphyry. These equigranular rocks have textures identical to Mayflower
matrix, but lack phenocrysts. Contacts are gradational over several meters.
These rocks seem to have formed late in the crystallization of the Mayflower
body, and are distinct from texturally and compositionally similar felsic
dikes with sharp contacts.

The Ontario porphyry stock is distinctive in the mine for its lighter
gray color, medium grain size, and prominent books of biotite. The Ontario is
less porphyritic than other stocks in the Park City district because of its
relatively coarse matrix and seriate texture. Graphic intergrowths of quartz
and K-feldspar are commonly observed under the microscope (fig. 3d).
Plagioclase phenocrysts in the Ontario are larger (2-4 mm) and more rounded
than in the Mayflower.

The crystallization sequence of primary minerals in all the intrusive
rocks is approximately the same, with the possible exception of the large
quartz phenocrysts in the core facies of the Mayflower stock which could be
earlier than the quartz in other rocks. Plagioclase, biotite, amphibole, and
iron oxides occur primarily as phenocrysts, but also are present as matrix
phases. Pyroxene occurs as phenocrysts in samples of the Mayflower stock from
the 800 mine level and from surface exposures; the absence of pyroxene at
greater depths probably means it was replaced by biotite or amphibole through
igneous or hydrothermal reactions. Magnetite that occurs as poikilitic
inclusions along-growth zones of some amphibole and plagioclase phenocrysts
must be primary and contemporaneous with the enclosing phases. The time of
formation of shreddy biotite in amphibole, fine-grained matrix magnetite, and
matrix feldspar is not clear, but may reflect subsolidus alterations.

Anhydrite occurs in the matrix of many samples. Rarely is there evidence
for a replacement origin, such as anhydrite inside plagioclase, and coexisting
matrix minerals generally appear unaltered. The texture of anhydrite in many
rocks is like that of apatite and just as well could have been a primary
magmatic phase. The presence of this possible primary anhydrite, as well as
later vein-filling anhydrite, has implications for oxygen and sulfur fugacity,

which will be considered later.

13



Modal and chemical composition

Mineral abundances in 53 samples were determined by point counting to
provide a measure of rock compositions. The porphyritic textures pose a
problem for reliable modal analyses because counting fine matrix grains
requires use of thin sections, whereas counting phenocrysts requires larger
slabs. Modes on separate thin sections from a 5 cm sample differ by as much
as 50 percent, so no individual mode is considered representative or reli-
able. Modal abundances are plotted on figure 5 and presented in table 2. The
presence of a large range in modal composition is confirmed by visual
estimates of mineral abundances in about 200 additional thin sections.
Considering all rock types, modal plagioclase ranges from 12 to 60 volume
percent; K-feldspar, from trace to 46 percent; quartz, from 6 to 35 percent;
biotite, from 0 to 47 percent; amphibole, from O to 40 percent; anhydrite,
from 0 to about 3 percent, and opaque minerals (chiefly magnetite) from about
1 to 3.5 percent. Perhaps the most significant variation is in total femic
mineral and K-feldspar content (fig. 5). Most rocks are classified
(Strekheisen, 1976) as grandiorite and monzodiorite, but a number of samples
from the margin facies have very low K-feldspar content and are classified as
diorite and quartz diorite. There was a general chemical evolution to a more
silicic-alkalic composition, in time, from Mayflower margin facies to core
facies to Ontario porphyry stock.

Chemical analyses (table 2) demonstrate a moderate range in chemical
composition for the intrusive rock series. Sample locations are shown in
figure 6. The ranges in abundance for some of the major constituents are:
SiOZ, 56.4 to 75.6 wt percent; A1203, 12.4 to 17.0; Ca0, 0.6 to 6.2; and K20,
1.6 to 7.3. Phosphorus and titanium contents are relatively consistent within
each of the three major igneous units and decrease in successively younger
phases. - Sulfur content varies locally and reflects hydrothermal alteration.
Variation within intrusive units, noted in modal analyses, is also apparent in
chemical analyses. In particular, within each of the two units of the
Mayflower porphyry stock, variation in constituents such as 5102, Ca0, Nazo is
considered to be large, whereas variation in other constituents (A1203, Fe0,
MgO, Tioz, and P205) is generally small. The variation in the former group
causes the calculated D.I. (differentiation index, Thornton and Tuttle, 1960)
and amounts of normative corundum or wollastonite to vary considerably between

14



. Table 2. --Chem1cal analyses, norms, and modal analyses of una]tered 1gneous rocks
-« - -—[Chemical analyses by rapid rock method for major constituents except

S; analysts: P. Elmore, H. Smith, J. Glenn, and'J. Kelsey. Analyses for total
S, Ba, Rb, and Sr by X-ray spectrometry, analysts: B. Fabbi and L. Espos.
Quantitative analyses for Au, Cu, Hg, Pb, and Zn by atomic absorption
spectrometry; analysts: C. Burton, L. Mei, B. McCall, and R. Moore.
Semiquantitative analyses for other elements by emission spectrograph;
analysts: C. Heropoulos and R. Mays]

Margin facies of Mayflower porphyry stock

Sample No. 10-2 176 8-3 223 22-22 272 270 26-15 268

Chemical analysis (weight percent)

$i0 56.4 57.4 57.9 58.9 60.2 60.3 60.5 60.6 61.2
ALf, 6.5 16.5 16.4 15.4 17.0 16.6 16.1 16.4 16.4
Fe203 3.6 3.1 3.0 1.9 2.6 2.7 2.8 2.6 3.
Feb 4.1 4.3 3.7 2.6 3.4 2.5 3.2 3.4 3.0
Mg0 41 4.0 4.5 4.4 3.1 2.6 3.2 3.1 3.0
€20 6.2 5.7 5.3 56 52 50 4.6 4.9 4.6
Na,0 3.3 3.1 2.9 3.2 3.6 3.6 3.2 3.3 3.0
K,0 1.6 2.5 1.9 2.6 1.7 32 3.0 2.9 2.9
Ho0(+) 1.4 1.0 1.6 .73 1.3 72 1.4 88 .15
H50(-) 34 .39 .55 .08 .10 .28 .64 .32 .58
150, 9% .97 .8 .81 .78 .69 82 .32 .85
P,0 38 .37 .3 .36 .32 .33 36 .35 .37
MRO 14 16 .10 .03 .06 .07 09 .13 .10
co, 30 .12 .22 --- 08 <05 <.05 .10 <.05
s, %total .05 .33 --- 53 -l ool 11 -
F 09 .10 .07 .14 07 .09 07 .08 .07
C1

Total 99 100 99 59 98 39— 100 99

CIPW norms (weight percent)

Quartz 12.43 11.59 16.31 13.72 19.71 13.80 15.93 15.26 18.91
Corundum - -——- 1.27 --- 71 -—— 19 --- .96
Orthoclase  9.55 14.88 11.34 15.89  9.76 19.22 17.85 17.21 17.36
Albite 28.21 26.42 24.78 28.01 29.61 30.96 27.26 28.08 25.72
Amorthite  25.75 23.90 22.90 20.67 22.55 20.00 20.33 21.46 20.40
Wollastonite .38 .58 --—  2.01 --- 1.07 - 01 ---

Enstatite 10.32 10.04 11.32 11.34 7.50 6.58 8.02 7.75 7.57
Ferrosilite 3.26 3.96 2.44 1.99 1.78 1.37 2.39 2.77 1.82

Magnetite 5.27 4.53 4.39 2.85 3.66 3.98 4.09 3.78 4.55
Ilmenite 1.84 1.86 1.63 1.59 1.44 1.33 1.57 1.56 1.56
Pyrite --- .09 .62 ~-- 96  --- --- 21 ---
Apatite .91 .88 .81 .88 .74 .79 .86 .83 .89
Fluorite - -—- -—- 23 --- .13 .08 --- .08
Calcite .69 .28 50 --- .18 .23

Total 98.6 99.0 98.3 99.2 98.6 99.2 98.6 99.1 99.8
FemIE 22.7 22.2 21.7 20.9 16.3 15.3 17.0 17.1 16.5

50.2 52.9 52.4 57.6 59.1 64.0 61.0 60.5 62.0
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~Table 2.--Continued

e - o~ — e -

Sample No. 10-2 176 8-3 223 22-22 272 270 26-15 268

Modal analysis (volume percent)

Quartz 15.1 6.0 9.2 11.4 12.3 12.2 11.2 10.8 13.4
K-Feldspar .8 8.0 .8 .5 3.1 24.7 19.9 15.8 22.2
Plagioclase 57.3 54.8 53.6 58.0 58.5 45.2 48.6 51.0 38.9
Biotite 12.0 10.8 24.9 25.9 20.8 .6 3.2 7.3 9.6
Amphibole 12.0 18.4 5.4 --- 1.2 14.1 14.3 10.8 13.0
Opaque 2 2.3 2.0 4.2 2.0 2.7 3.4 2.8 3.9 2.9
Accessories 1.0 --- 1.9 2.2 1.5 .4 ~——- A4 ---
Femics 26 31 34 27 25 18 20 22 26
Minor element analyses (parts per million)

Ag _— -—- -——— - - - -— -—- -
Au 9 --- --- N.d. --- N.d. N.d. === N.d.
Ba 920 1,350 1,100 --- 1,200 --- --- 1,800 -
Co 15 20 15 10 10 7 10 15 10
Cr 50 50 100 100 50 20 30 50 30
Cu 10 10 94 70 92 200 20 65 30
Hg (PPB) 12 27 7 N.d. 4 N.d. N.d. 5 N.d.
La 70 70 70 —-——- 70 70 70 100 70
Mo 7 -—- -—- -—- 5 --- --- 5 ---
Ni 50 20 20 30 15 7 10 15 10
Pb 25 53 14 --- 13 20 20 35 20
Rb 52 73 64 -—- 55 --- --- 88 ---
Sc 15 20 20 10 15 7 10 15 10
Sr 820 775 810 --- 855 -—- -— 825 -—-

v 70 150 150 70 100 50 70 100 70
Y 15 30 20 15 20 10 15 20 15
Zn 56 99 52 N.d. 53 N.d. N.d. 80 N.d.
Ir 200 150 150 200 200 150 150 200 150

%D. I. Differentiation Index of Thornton and Tuttle (1960)
Accessories: apatite, calcite, and anhydrite



Table 2.--Continued
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Core facies of Mayflower porphyry stock--continued

Sample No. 26-23 20-12 22-16 22-10 22-13 266 265 20-14

$i0 57.9 59.3 59.6 61.2 61.6  63.2 63.6 64.8
A1,0, 15.7 16.5 15.5 16.2 16.1  16.6 17.0 16.4
Fe503 29 2.2 25 2.3 2.5 2.2 1.6 1.0
Fed 2.8 3.0 3.0 2.6 2.8 2.2 2.2 2.5
Mg0 3.0 3.6 3.4 31 3.0 2.2 2.2 2.5
€20 6.3 5.0 4.7 4.8 3.6 2.8 4.4 3.4
Na.0 3.3 3.5 3.1 3.6 3.2 3.2 3.6 4.1
KZB 3.1 2.8 3.2 2.7 3.0 3.4 2.5 2.0
0(+) 1.1 1.9 1.5 1.0 1.6 1.4 1.1 1.2
.75 .69 .57 .57 .70 90 .16 .36
T? 66 .70 .72 .65 .65 60 .59 .6l
35 .33 .33 30 .32 28 .27 .26
M%o 19 12 14 o 110 05 .03 06
0, 1.1 --- 90 <.05 --- S
s, %total 01 .17 .03 .02 57 mem eee e
F .06 12 .09 .08 15 —em e e
Cl
Total 39 39 99 77 99 39 39 39
CIPW norms (weight percent)
Quartz 12.84 12.50 16.68 15.64 20.08 23.13 20.68 22.31
Corundum --- --- 1.28 --- 1.94 3.50 1.18 2.06
Orthoclase  18.62 16.68 19.17 16.18 17.89  20.45 14.90 11.92
Albite 28.38 29.86 26.60 30.88 27.33  27.56 30.72 34.98
Amorthite  19.18 21.22 15.69 20.35 15.60 11.72 19.82 14.98
Wollastonite 1.33 54 --- .62 --- - -— -—-
Enstatite 750 9.04 8.59 7.83 7.54  5.58 5.52  6.28
Ferrosilite 2.02 2.43 2.49 1.99 1.03  1.35 1.82 2.29
Magnetite 4.27 3.21 3.68 3.38 3.66  3.25 2.34  1.46
Ilmenite 1.27 1.3 1.39 1.5 1.25  1.16 1.13 1.17
Pyrite .02 .32 .06 04 1.08  —me  ae- .55
Apatite .84 79 .79 .72 .76 68 .64 .62
Fluorite DT LD L Ll 16 .12 ---
Calcite 2.54 - 2.08 ---  —-- LD
Total 989 8.1 98.5 980 983 985 980 987
Feni 19.9 17.8 19.1 15.9 15.4  12.2 11.6 12.5
50.8 59.0 62.5 62.7 65.3  71.1  66.3  69.2
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~ _Table 2.--Continued

Modal analysis (volume percent)

Sample No. 26-23 20-12 22-16 22-10 22-13 266 265 20-14

Quartz 11.6 21.3 14.6 16.8 19.5 15.5 21.7
K-fledspar 24.0 34.3 19.0 19.7 16.5 15.1 9.2
Plagioclase 46.0 30.9 43.7 45.9 48.9 50.9 48.6
Biotite -—- 6.5 5.3 3.3 13.2 16.5 18.5
Amphibole 16.0 4.3 14.6 11.9 - --- ---
Opaque 9 2.4 2.6 2.0 2.5 1.1 1.1 .8
Accessories® --- --- .8 --- .8 1.0 1.2
Femics 18 14 22 18 18. 18. 20.
Minor element analyses (parts per million)
Ag --- --- --- --- 2. -—- -—-- 1.5
Au --- .09 .3 .1 3.9 --- -—- .5
Ba - 1,650 1,500 1,600 1,550 1,600. --- --- 1,300.
Co 10 7 15 15 15. 7. 7. 10.
Cr 150 100 150 70 70. 20. 30. 50.
Cu 13 95 65 70 2,000. 300. 300. 1,490.
Hg (PPB) 27 27 19 4 34. N.d. N.d. 24.
La 50 70 70 100 150. 50. 50. 100.
Mo 