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ROCK UNITS OF THE FARMINGTON CANYON COMPLEX 9

At 7,760 ft (2,365 m) altitude on the ridge north of
Taylor Canyon, an inclusion of garnet-plagioclase-
quartz rock contains anhedral quartz to 9 mm in
diameter, anhedral to subhedral calcic oligoclase to 4
mm in diameter, euhedral to anhedral very light brown
garnet to 2 mm in diameter, magnetite and accessory
magnetite, apatite, zircon, and allanite. One anhedral
grain of very weakly pleochroic hypersthene, 5 mm in
diameter, is rimmed by magnetite (fig. 5A).

Another inclusion 2 m long and 0.5 m thick, from
7,460 ft (2,274 m) altitude on a cliffy nose on the north
side of Strongs Canyon, is a quartz amphibole rock con-
taining ferrohastingsite like that of the quartz mon-
zonite gneiss. Quartz grains to 5 mm in diameter fill in
around the amphibole. Magnetite, apatite, and zircon
are accessory minerals.

COMPOSITION

Modes of petrographically studied samples of quartz
monzonite gneiss fall in the center of a quartz-potassic-
feldspar-plagioclase diagram (fig. 6). Some samples from
Ogden Canyon and from a locality 6 km to the north
are granite; both localities are from below the Ogden
thrust. However, areas of Farmington Canyon Complex
mapped in the North Ogden and Willard quadrangles
have been described as gneissic quartz monzonite by
Crittenden and Sorensen (1985a, 1985b). Color index is
generally in the range of 10-20, and hornblende is the
principal mafic mineral.

CHEMISTRY

Chemical analyses of four samples of quartz mon-
zonite gneiss (table 1) show that in relation to averages
of adamellite (Nockolds, 1954) the rocks have less ALO,
and MgO and more Fe,O, and FeO. Alkali and CaO
contents are in the range of averages for adamellites.
These chemical differences are reflected in the modal
composition by the scarcity of mica and abundance of
ferrohastingsite. Sample 1 from north of the Ogden
River is a granite as indicated by the K,O and total
alkali content, but it also has a low AL,O, and high
Fe,O, content in relation to the averages for granites.

Normative compositions plotted on a projection of
isotherms on cotectic surfaces in the Qz-Ab-Or-An
tetrahedron (fig. 7) show that the quartz monzonite
gneiss plots near the cotectic lines in both diagrams and,
thus, near the intersection of the cotectic surfaces, in-
dicating that the rocks were derived from a relatively
low temperature melt.

AGE AND ORIGIN

Rb-Sr isochron and Pb-U isotopic ratios from zircon

Quartz

N N N \ V2 AV

Plagioclase Potassic-feldspar

FIGURE 6.—Proportions of quartz, plagioclase, and potassium
feldspar in samples, from the quartz monzonite gneiss that do not
show severe effects of retrogressive metamorphism. Contours at
4,9, 13, 17, and 22 percent. n = 23. Numbers of analyzed samples
refer to table 1.

show that the quartz monzonite gneiss crystallized
about 1,790 m.y. ago (Hedge and others, 1983). The very
high initial 8Sr:#’Sr ratio of 0.769 indicates that the
quartz-monzonite gneiss originated in the upper crust,
probably during a metamorphic event about 1,790 m.y.
ago. Pb-U studies of feldspar from the gneiss show that
much older crustal material participated in its genesis.
The chemical composition of the rock is that of an early
melting fraction (fig. 7), and much of the rock could have
been derived by partial melting of migmatites like those
exposed to the south of it. The numerous inclusions of
amphibolite, quartzite, and other rock types may be in-
terpreted as undigested relics of crustal material from
the zone of melting and above. The well-developed folia-
tion and granoblastic texture of the gneiss shows that
it was emplaced in an early or middle stage of the
metamorphic event.

Conditions of melting could reasonably have been
5 kb (fig. 7) in the Early Proterozoic, but a difference
of a kilobar or two in pressure would not markedly
change the relations shown. If Py o < P,,,, as it may
have been, the temperature of melting would be higher
than the 670° to 685°C shown in the diagram.

The origin of the quartz monzonite gneiss suggested
here would put it in the class of the S-type granitoid
of Chappell and White (1974). However, many features
of it differ from those of S-type granitoids as compiled
by Ferguson and others, 1980. Chemical criteria similar
to those of S-type granitoids are K,0:Na,O ratios, SiO,
contents, and initial 8Sr:%Sr ratio. Chemical features
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TABLE 1.—Chemical analyses, modes, and norms of quartz-monzonite gneiss

[Major oxides determined by X-ray spectroscopy by J. S. Wahlberg, J. T. Taggart, and James Baker, U.S. Geological Survey 1980 and 1981. FeO determined by chemical means by
Edythe Engleman, U.S. Geological Survey 1981 and 1982, and Fe 20 calculated by difference with Fe TO Ten minor elements determined by quantitative emxssxon spectroscopy
by Carol Gent, U.S. Geological Survey, 1981, and Paul Briggs, U.S. Geological Survey, 1983. Other mmor elements determined by ICP direct reading iq tive

spectroscopy by George Riddle, U.S. Geological Survey, 1981. Looked for but not found Cd, U, Tb. Mode by count of 1,000 points. P, present but not intersected in counting; leaders
(---), not present; N, not determined; <, less than. Major oxides and CIPW norm in weight percent; minor elements in parts per million; mode in volume percent. CIPW norms calculated

on basis of analysis recalculated to 100 percent after deduction of volatiles)

Saaple No.-— 1 2 3 4 Sample No,—-— 1 2 3 4
Lab No,====== bL-227762 D-227763 D-234324 L-234325 Lab No,=—~w===- D-227762 D-227763 D-234324 D-234325
¥ield No,——— NO-i- 0-4i-C 0-22-A 0-38-A ¥ield No,==— NO-1-B 0-41-=C 0-22-A 0-38-A
MajJor oxides (percont) Semiquantitative minor elements (parts per million)
$10, 1.4 69.6 69.0 8.7 Sc 8 13 13 18
Al;04 11.9 11.8 12.2 12.1 Sa <5 140 <10 <lo
Fe0, 2,14 2.33 3.28 .52 Th 36 5 15 30
¥el 3.20 4.63 3.53 3.90 U <50 79 <50 <50
Hg0 0.3 0.4 .43 0.45 v <3 10 [ 9
ca0 1.34 .27 2.21 2.08 Zn 160 8 130 180
Nay0 2.4 2.6 2.80 3.05 Pr 30 16 <20 <20
;0 - 5.17 4.00 4,24 4,04 Sa 20 <10 <20 20
T10, 0.41 0.58 0.59 0.57 Eu a 3 < <
¥,04 <0.1 0.2 .16 .10 Gd 40 10 N N
Ma0 0.14 0.13 0.12 0.14 oy 30 4l N Y
01 0.45 0.65 0,37 0.30 Ho 7 <4 <10 <10
Er 20 11 N N
Quantitative minor elements (parts per mililon) b 10 15 10 i7
Ta N 2 <10 10
Bs 697 1,180 1,330 1,180
cr 16 45 <io <10 Modes (percent)
Nb 3l 74 40 50
M 4 14 <10 <10 Quartz 29.9 28.3 29.2 30.0
sc 4z 67 1 10 Plagtoclase 18.0 26.6 25.4 27.3
¥ 1eo 121 150 160 Potassic
2c 816 824 788 759 feldspar 18.7 30.4 29.7 27.7
Ce 213 396 210 210 Hornblende 9.1 8.0 6.0 12.2
Nd 99 99 90 100 Blocite 2.5 2.3 - 0.5
Rb 175 s 150 160 Pycoxene - L7 0.5 -
Opaque 0.8 15 1.7 1.8
Semlquantitative minor elements (parts per milifon) Actinolite - -— 1.7 d
Epidote - e 0.1 ¥
be 3.5 3 3 > Chlorite - - - ¥
e o 3 @ @ Stilpnomelane 1.0 0.5 L.l ¥
10 2 4
Co a Brown alteration
C 15 30 8 9 _—
Y product - - 3.9
10 <o
Ca “ B ¢ Apatite P 0.2 0.1 0.2
La 120 3 74 130 Allanite 0.1 0.4 0.3 0.3
N <5 6
L ’ Sphene 0.3 - - -
Mo 6 3 <3 <5 2ircon 0.2 ol 0.2 P
1] 88 18 100 60
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TABLE 1.—Chemical analyses, modes, and norms of quartz monzonite
gneiss—Continued

Sample No,— i 2 3 4
Lab No,=====- D-227762 D=227763 D-234324 D-234325
Field No,— NO=1-B 0-4}~C 0-22-A 0~38-A

CLPW Norms (perceat)

q 33.22 32,34 31.00 29.1
c - - - -

or 31,85 23.98 25.42 26.43
«b 20,64 22,32 24,04 26,41
an 6.53 8,84 8,32 1.57
di-wo 0.09 0.5) 0.7 0.80
di-en 0.02 0.08 0,20 0.17
di-fs 0.08 0.49 0.56 0.68
hy-en 0,74 0,93 0.89 0.97
hy-fs 3.67 5.46 2,50 3.82
ol-fo - - - -
ol-fs - - - -

ut 3.15 3.43 4,82 3.74
s - - - -

11 0.79 1.12 1.14 1.1
»p - 0.48 0.38 0.39

LOCATION AND DESCRIPTION OF SAMPLES

1. Gneissic biotite hornblende granite from dumps at north end of
tunnel on the Ogden-Brigham canal; sec. 3, T. 6 N., R. 1 W., North
Ogden 7.5-minute quadrangle. Anhedral quartz to 2 mm in
diameter, anhedral somewhat perthitic microcline as much as 4
mm long and anhedral plagioclase (An 8) as much as 2 mm in
diameter. Anhedral ferrohastingsite as much as 4 mm long with
a 2V of 10°-20° and dark-green absorption for Z. Biotite as much
as 2 mm long. A small proportion of it replaces hornblende. A thin
cataclastic zone cuts the rock. Zircon ranges from round to
prismatic. Dated sample (Hedge and others, 1983).

2. Pyroxene biotite hornblende quartz monzonite gneiss from base
of slope above the Bonneville shoreline north of Beus Canyon 280
m N. 17°E. from SE corner sec. 11, T. 5 N,, R. 1 W,, Ogden
7.5-minute quadrangle. Quartz is anhedral and 2 mm in diameter,
but a few grains form masses as much as 6 mm long interstitial
to the other minerals. Plagioclase in grains as much as 2 mm in
diamneter is locally sericitized and has a composition of about An
20. Pyroxene is light green, anhedral, as much as 2 mm in diameter
and altered to an Fe oxide. Ferrohastingsite is anhedral as much
as 3 mm long, has ZAC=13°, 2V=20°, and a dark-greenish-brown
absorption for Z. Biotite is 2 mm in diameter. Zircon ranges from
round to anhedral and has overgrowths.

3. Hornblende quartz monzonite gneiss from 7,460 ft (2,275 m)
altitude on cliffy nose north of Strongs Canyon 360 m S. 44° W.
of center sec. 1, T. 5 N., R. 1 W, Ogden 7.5-minute quadrangle.
Quartz, plagioclase (about An 20), and finely perthitic microcline
are anhedral and reach 2 mm in diameter. Synkinematic anhedral
ferrohastingsite is as much as 1.5 m long, and has ZAC=14°,
2V=10°-20°, and Z dark olive green. Zircon is rounded to sub-
hedral prismatic.

differing from S-type granitoids are mol AlL,O,/(Na,0O
+ K,0 + CaO) and Fe®/(Fe? + Fe?) ratios and the
absence of normative corundum. All the mineralogical
criteria, except the local presence of garnet, disagree
with those given for S-type granitoids. The reason for
these discrepancies may be the nature of the source
material for the quartz monzonite. It was derived from
older continental crust that may have been desiccated
by a granulite facies metamorphism rather than from
first cycle eugeoclinal rocks.

MIGMATITE

South of the quartz monzonite gneiss as well as in-
terlayered with it are heterogeneous gneisses and
schists all mapped as one unit, designated migmatite.
Bell’s study (1951, 1952) covered a large part of the unit
described as migmatite here. These rocks are well ex-
posed in many places. The most accessible and spec-
tacular exposures are in Weber Canyon, which cuts a
1-km-deep furrow across the range southeast of Ogden.
Other large exposures are in glacial cirques on the east
side of the range north of Francis Peak.

Contacts with the quartz monzonite gneiss range
from sharp to gradational. Contacts with the schist and
gneiss unit to the south are arbitrary as the number of
layers of gneiss with granitic aspect gradually
diminishes in that direction. I estimate that it is not
possible to objectively determine the position of that
contact closer than within about 1 km.

The migmatite unit contains a variety of rock types
interlayered and intergrading with each other. Most ex-
posures display compositional layering (fig. 8), but a few
are composed of uniform nonlayered gneiss that
generally has indistinct contacts with layered gneiss.
In some rocks a lensy or patchy distribution of quartz
and feldspar-rich garnet, biotite, and (or) hornblende-
rich portions is well developed. In some nonlayered
rocks the mafic minerals form irregular clots. Most of
the rock in the unit is gneiss, and schist and amphibolite
form a minor proportion of the unit. Some of the gneiss,
such as exposed at Devils Gate on the Weber River, is
hornblende, biotite-hornblende, and biotite-quartz mon-
zonite gneiss or, rarely, granite gneiss that looks similar
to rock of the quartz monzonite gneiss unit. Other
gneisses are

4. Biotite-bearing hornblende quartz monzonite gneiss from 8,250 ft
(2,515 m) altitude on the ridge east of Strongs Peak, Ogden
7.5-minute quadrangle. Quartz as much as 1.8 m in diameter,
somewhat sericitized plagioclase (An 29) as much as 1 mm in
diameter and locally perthitic microcline as much as 1.5 mm in
diameter are all anhedral. Synkinematic dark-green ferrohastingsite
as much as 1.5 mm has ZAC=12°, 2V=10°. Zircon forms rounded
grains.
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Qz

Plagioclase
and quartz

730077_0°

-~ Plagioclase and
alkali feldspar

p
19

Ab Or

alkali feldspar

o

100

Or

FIGURE 7.—Normative composition of quartz monzonite gneiss
(dots) compared to experimental data for the system quartz (Qz)-
albite (Ab)-orthoclase (Or)-anorthite (An} at 5 kb and Py, o~Piotal
(after Winkler, 1979). Isotherms show configuration of2 liquidus
surface: solid line shows cotectic composition between 700° and
640°C. A, Data projected on Qz-Ab-Or surface of the Qz-Ab-Or-
An tetrahedron; B, Data projected on the Ab-Or-An surface.

garnet-hornblende-feldspar-quartz gneiss,

garnet-biotite-hornblende-feldspar-quartz gneiss,

garnet-feldspar-quartz gneiss,

garnet-biotite-feldspar-quartz gneiss, and

garnet-biotite-quartz-feldspar gneiss.
A distinctive rock type is white garnet-feldspar-quartz
gneiss in which garnets range from 0.5 mm to 2 cm, but
average 1-5 mm in diameter, and constitute as much
as 30 percent of the rock. Fresh exposures of garnet-
feldspar-quartz gneiss occur in cuts along the pipeline
on the south side of Weber Canyon above the
powerhouse.

Layers of schist, which are much less numerous than
those of gneiss, consist of biotite schist, garnet-biotite

schist, and sillimanite-garnet-biotite schist. Sillimanite-
schist layers are most numerous in the migmatitic
gneiss on the ridge south of Beus Canyon and in the
Strawberry Creek drainage. Quartzite layers are much
less common than the schist layers, and layers of calc-
silicate rock are even less abundant. Amphibolite layers,
lenses, and pods are scattered throughout the migma-
titic gneiss. They range from a few centimeters to 8 m
in thickness. Some larger pods are well exposed at
Devils Gate on the Weber River.

Irregular variations in grain size and distribution and
amount of felsic and mafic minerals give the rocks of
the unit their migmatitic aspect. In addition, numerous
pegmatites contribute to that aspect (fig. 8).

Pegmatite occurs in thin stringers and pods 1-10 cm
thick, which commonly have indistinct contacts (fig. 8).
Irregular crosscutting pegmatites are usually younger
than the concordant ones and tend to have sharp con-
tacts (figs. 84 and B). Many of the pegmatites are
1-3 m thick, but some are 80 m or more thick and 200-
300 m long. Some pegmatites have a foliation defined
by aggregates of biotite, probably derived from former
books of biotite. In several outcrops the concordant
pegmatites were folded before the emplacement of the
discordant ones.

Severe cataclasis and retrogressive metamorphism
have affected about 20 percent of the exposed area of
the migmatite, gneiss, and schist unit, and will be
discussed further in the section on cataclastic rocks.

PETROGRAPHY

The rocks of the migmatite unit show a wide range
in texture, mineralogy, and modal composition com-
pared to the quartz monzonite gneiss. Some layers,
however, appear identical to the quartz monzonite
gneiss to the north.

Almost all the gneisses contain anhedral quartz
grains ranging from 1 to 4 mm in diameter. In some

FIGURE 8 (facing page).—Outcrops of migmatite. Scale is 18 cm long;
hammer is 31 cm long. A, Fold in migmatitic biotite-hornblende-
quartz monzonite gneiss on west end of outcrop on old U.S. 30, west
of bridge across Weber River on I-80, just east of Devils Gate. Note
patchy and irregular development of pegmatite. B, Migmatitic
biotite-garnet-quartz-feldspar gneiss north of saddle, south of 9,100
ft (2,774 m) knob on crest of range, Snow Basin quadrangle. Con-
cordant and crosscutting pegmatites grade to gneiss; larger
pegmatite at bottom has a partly sharp contact. C, Folded migma-
titic biotite and garnet-biotite-quartz-feldspar gneiss just south of
VABM 9707 on crest of the range in the Peterson quadrangle. In-
tercalated thin concordant pegmatites. Folds of this type plunge
southwest in this area. D, Migmatitic garnet-biotite-quartz-feldspar
gneiss north of VABM 9707, Peterson quadrangle. Concordant
pegmatites with indistinct margins. Nearby concordant and discord-
ant pegmatites are as much as 3 m thick.
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TABLE 2.—Chemical analyses and modes of gneiss, schist, and quartzite
[Major oxides determined by X-ray spectroscopy by J. S. Wahlberg, J. T. Taggart, and James Baker, U.S. Geological Survey 1980 and 1981. FeO determined by chemical means by
Edythe Engleman, U.S. Geological Survey 1981 and 1982, and Fezoa calculated by difference with FezTOS. Ten minor elements determined by quantitative emission spectroscopy
by Carol Gent, U.S. Geological Survey, 1981, and Paul Briggs, U.S. Geological Survey, 1983. Other minor elements determined by ICP direct-reading semiquantitative emission
spectroscopy by George Riddle, U.S. Geological Survey, 1981. Looked for but not found: Bi, Cd, U, Th. Mode by count of 1,000 points. P, present but not intersected in counting;

leaders (---), not present; N, not determined; <, less than. Major oxides in weight percent; minor elements in parts per million; mode in volume percent]
Sample No.- 1 2 3 4 5 6 ? [ ] 9 10 11 12 n 14
Lab No.—— D~227768 D~227769 D~234328 D-234329 D-234338 D~227766 D~227765 D-234333 D~234332 D~234330 D~234335 D-234336 D-234339 D-234337
Pield No.— B~-118-T B-liZESR 0-65 -12-4 P-24-A 0-6b 0-57-1-8 B-37-3 >33 | ST »ia -2 r-27-3 r-12-A
Gaeiss Quartzite Schist

Major oxides (percent)

810, 60.3 62.1 71.6 72.1 72.3 12.7 731 1.2 82.0 86.3 9.4 44.8 30.0 37.5

Al,04 17.4 16.4 12.1 12.4 12.9 11.9 11.9 9.44 9.30 6.80 3,36 29.9 2.9 18.6

Fe 0,4 0.69 0.65 2.30 0.66 1.43 1.74 1.47 0.19 0.28 0.18 .02 .3 0.83 0.99
re0 6.46 6.98 4,68 4.92 3.28 4.81 3.86 0.52 0.40 0.39 0.04 6.35 .20 7.24
Mg0 3.3 3.1 0.37 0.3 0.33 0.3 0.3 0.33 0,33 0.36 €0.10 2,39 35.68 2.66
Ca0 2.96 4,08 2,61 1.43 2.80 2.48 2.02 1.17 0.64 0.25 0.03 0.58 0.97 3.05
a0 2.3 1.7 2.60 1.98 3.0 2.2 2.2 1. 1.93 1.12 0.16 2.08 0.82 3.74
0 2.68 1.69 1.92 3.86 1.40 2.3 .5 317 3.61 .73 0.61 6.69 3.15 2.22
110,0 0.83 0.8 0.34 0.40 0.30 0.48 0.32 0.11 0.14 0.08 <0.02 1.79 0.91 1.18
P04 0.2 0.1 0.14 0.12 0.11 .1 <0.1 <0.03 <0,05 <0.03 <0.05 0.10 .19 0.20
M0 0.1 0,09 0.16 0.24 0.1 0.13 0.15 <0.02 <0.02 <0.02 <0.02 0.06 0.08 0.19
w1 1.65 1.16 0.16 0.34 0.78 0.12 0.33 0.50 0.56 0.56 0.39 1.88 3.07 1.03

Quantitative minor elemants (parts per aillton)

Ba 728 210 1,100 1,460 634 1,330 1,340 841 671 867 50 1,330 363 23
Cr 122 123 <10 <10 <10 13 10 <10 10 <10 <10 160 500 160
)3 <2 <2 30 30 A0 1 13 <20 <20 <20 <20 <20 <20 <20
|} 78 a2 <10 <10 <10 4 9 <10 <10 <10 <10 110 w0 70
Sr 183 142 20 70 150 85 82 180 170 100 <10 60 30 130
Y P % 140 170 120 » 126 <10 <o <10 <10 s 2 0
2 m 2 " 910 91 6 o2 “ » Py e 110 300
co n o 1% 250 M 216 <% » e G0 1@ e %
= n 2% 0 120 % © ” “o “o w0 w ) w0 0
n 100 0 “ 140 ®© 7 8 110 % o 0 420 1% 1%
Ssmiquantitative minor slemsats (psrts par silliom)
2 2.5 2.3 3 2 s 2.3 3 2 a a a 2 2 1
Co » 27 4 3 3 1 1 3 4 <2 <2 47 43 3
Cu 9% 150 13 8 8 14 36 6 3% 16 8 310 6 6l
GCa 17 15 10 20 20 18 20 <10 <10 <10 <i0 20 10 20
Ce | | | ] <10 <10 <10 | ] | | ] <lo <10 <10 20 60 0
La 39 k1 130 160 120 93 110 21 26 19 9 1460 b ] [ H)
u prs n 7 7 19 . s 7 6 ) s " 2% ”»
% 5 6 s <s < ? 5 ) s ) s s < e
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TABLE 2.—Chemical analyses and modes of gneiss, schist, and quartzite—Continued

Saaple No.- 1 2 3 4 5 6 7 ] 9 10 1 12 13 14
Lab Bo.— D-227768 D-227769 D-234328 D-234329 D-234338 D-227766 D-227765 D-234333 D-234332 D-234330 D-234335 D-234336 D-234339 D-234337
Pield No.— M118-Z H-llEEASR 0-65 P=12-A P-24-A 064 0-57-1-8 3-37-% 3-35 P-bé-a 3-121 Wwm-26 F-27-3 P-12~-A
Gaaiss Quartsite Schist
Semiquantitstive ainor elassats (psrts per milliom)
n o4 o7 20 20 <10 49 57 20 k 20 <10 20 <10 10
Se 24 23 15 19 16 10 10 6 8 <3 <3 62 28 43
Sa 25 <3 <10 <10 <10 <5 <5 <10 <10 <10 <10 <10 <10 <10
2.1 135 135 24 36 26 27 36 ] 10 <3 <5 42 14 19
v 130 130 15 <3 18 <3 <3 13 20 1 10 300 210 180
W ¥ | ] <10 <10 <10 | | | ] <10 <10 <10 <0 10 <10 <10
Za 110 100 150 93 180 120 110 270 43 36 14 440 98 170
Pr <lo <10 <20 <20 <20 30 30 <20 <20 <20 <20 <20 <20 <20
Sa <10 <10 20 20 <20 20 20 <20 <20 <20 <20 <20 <20 <20
L a Q < < < 3 3 < <5 < < < ¢} <
cd 20 20 | ] | 30 30 ¥ | | ] | ] | | | ]
Dy <10 <10 | | ] N 20 30 | ] ] | | | ] ] | ] | |
o <3 L& ] <10 <10 <10 4 5 <10 <10 <10 <10 <10 <10 <10
L < <5 ¥ N | ] 1 15 | ] ] ] ] L} L} ¥
n 3 3 15 21 X 1 i3 Q2 <2 <2 <« Q 2 3
Ts N | ] 20 10 10 | ] L] <10 <10 <10 <10 20 k] 20
Modee (percent)

Quarts 19.2 n.9 3l.6 40.2 ».7 40.1 2.3 65.3 7.3 68,1 92.4 6.4 26.6 18.3
Plagioclase 41.6 3.7 32.4 19.6 47.9 50.4 2.3 18.0 19.3 12.4 - 1.0 3.8 87.7
Pocassic

feldspar ) 4 0.6 8.8 32.0 - 0.6 28.7 13.4 20.5 15.8 -— 15.3 -— -—
Myraskite - had - ? -— — ) 4 - -— -— - - — -
Biotite 30.2 18.4 3.8 0.9 1.5 - i 1.2 1.9 0.7 - 0.6 21.8 26.4
Muscovits - - -— -— - - - - ) 4 1.2 - 1.8 7.5 -—
Asphibols - bt bt -— 6.5 5.5 9.3 hd - had - - - el
Sillimenite - -— - -— - -— -_ - -— —_— - 26.5 - 0.1
Garnet 3.9 2.8 1.7 5.9 0.3 2.0 — | 4 -— bt - - - 5.1
Opaque

ninerals 0.1 0.2 1.1 0.4 -_— 1,2 2.0 -— ) 4 0.2 - 1.5 -_— 0.5
Apacice 0.1 ) 4 4 0.2 0.2 | 4 ) 4 -— - ) 4 - - -— 0.2
Zircon 4 4 0.1 ) 4 4 r ) 4 0.2 ? ) 4 4 0.1 ) 4 4
Allantics - - 0.4 0.6 0.1 0.2 0.4 -— - — -— -— Ed -—
Sericite 3.8 1.1 - - -~ -_ - 0.6 0.2 1.4 - 1.8 21.0 1.0
Chlorite 0.8 0.9 0.1 0.2 3.2 - -—_ 1.3 0.6 0.2 -_ | 4 19.2 0.6
Epidots 0.3 0.4 -— 1 4 1.6 bl el bl 4 -— - - 1 4 0.1
Sphene -_— haad -— bt ) 4 -— -— -— b — -— - 0.5 -
Muscovits

and sericite — -_— — -— -— -— -— - - - 7.6 - - -
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TABLE 2.—Chemical analyses and modes of gneiss, schist, and quartzite—Continued

LOCATION AND DESCRIPTION OF SAMPLES

. Garnet-quartz-plagioclase biotite gneiss from roadcut, 180 m west of BM-7946 on Skyline Drive, west side of crest of Wasatch Moun-

tains east of Centerville, Bountiful Peak 7.5-minute quadrangle. Synkinematic biotite as much as 3.5 mm long, anhedral plagioclase (An
30) as much as 2.5 mm in diameter locally saussuritized, anhedral strongly strained quartz as much as 2 mm in diameter, and subhedral
to euhedral garnet 1-2 mm in diameter. Dated sample (Hedge and others, 1983). ’

. Garnet-biotite-plagioclase-quartz gneiss from roadcut 185 m west of BM-7946 on Skyline Drive west side crest of Wasatch Mountains.

Bountiful Peak 7.5-minute quadrangle. Anhedral strained quartz as much as 1.5 mm in diameter, anhedral locally saussuritized plagioclase
(An 40-48) as much as 1 mm in diameter, and synkinematic to postkinematic locally bent biotite as much as 2 mm long. Dated sample
(Hedge and others, 1983).

. Garnet-bearing, biotite-plagioclase-quartz gneiss, from pipeline cut at 4,760 ft (1,450 m) altitude on the south side of Weber Canyon,

S. 38° W. from powerhouse, Ogden 7.5-minute quadrangle. Migmatitic gneiss with lenses of amphibolite and dikes of pegmatite. Anhedral
quartz as much as 3 mm long, anhedral plagioclase (An 28) as much as 1 mm in diameter, anhedral potassic feldspar, synkinematic biotite
as much as 1 mm long, and anhedral to subhedral light-brown garnet as much as 2 mm in diameter with some sieve texture with quartz.
Dated sample (Hedge and others, 1983).

. Biotite-garnet-plagioclase-microcline quartz gneiss from migmatite unit at 9,640 ft (2,938 m) altitude on ridge 120 m, N. 20° W. from

VABM 9797 on crest of Wasatch Mountains, Peterson 7.5-minute-qusdrangle. Anhedral quartz as much as 3 mm in diameter with large
grains replacing feldspar, anhedral partly saussuritized plagioclase (An 25) as much as 1 mm in diameter, anhedral microcline as much
as 1.3 mm in diameter, anhedral to subhedral garnet as much as 1.5 mm in diameter with inclusions of allanite, quartz, plagioclase, and
apatite and fractures filled with biotite, epidote, and chlorite, and synkinematic and postkinematic biotite as much as 1.7 mm long.

. Garnet-bearing biotite-hornblende-quartz plagioclase gneiss from 6,460 ft (1,970 m) altitude on the south side of Mill Creek valley 660 m

S. 80° W. from NE corner sec. 2, T. 1 N. R. 1 E, Fort Douglas 7.5-minute quadrangle. Layered gneiss with semiconcordant pegmatites.
Anbhedral, partly saussuritized plagioclase (An 26} as much as 2 mm in diameter; anhedral quartz as much as 2 mm in diameter, concen-
trated in a layer possibly in part due to metamorphic segregation; dark-green anhedral hastingsitic hornblende as much as 1.7 mm long,
concentrated in a layer; synkinematic to postkinematic biotite as much as 0.5 mm long, concentrated in a layer; and anhedral garnet
as much as 0.7 mm in diameter concentrated in biotitic layer.

. Garnet-hornblende-quartz-plagioclase gneiss from pipeline cut at 4,800 ft (1,463 m) altitude, S. 13° E. from powerhouse in Weber Can-

yon, Ogden 7.5-minute quadrangle. Qutcrop of typical migmatitic gneiss containing lenses of amphibolite and pegmatites. Anhedral locally
saussuritized plagioclase (An 27) as much as 1.5 mm in diameter, anhedral strongly strained quartz as much as 4 mm long, synkinematic
anhedral brownish-green hastingsitic hornblende as much as 2 mm long, and anhedral to subhedral light-brown garnet as much as 2 mm
long. Dated sample (Hedge and others, 1983).

. Hornblende quartz monzonite gneiss from outcrop of swirly gneiss with amphibolite lenses and pegmatite layers just south of U.S. In-

terstate Highway I-80 in Weber Canyon 70 m west of east edge of Ogden 7.5-minute quadrangle. Anhedral microcline to 1.5 mm long,
quartz to 3 mm long, plagioclase (An 20-25) to 1 mm in diameter, and synkinematic dark-green ferrohastingsite as much as 2 mm long,
has 2V=20° and ZAC=13°. Dated sample (Hedge and others, 1983).

. Garnet-bearing biotite-microcline-plagioclase-quartz gneiss from 8,700 ft (2,650 m) altitude, 440 m S. 54° E. from top of Bountiful Peak,

Bountiful Peak 7.5-minute quadrangle. More quartzitic layer from outcrop of thinly laminated biotite schist and gneiss. Anhedral, strongly
strained quartz as much as 3 mm long; anhedral locally saussuritized plagioclase (An 30} as much as 0.6 mm in diameter; anhedral partly
perthitic microcline as much as 0.6 mm in diameter, postkinematic biotite as much as 0.5 mm long; zircon and secondary calcite and epidote.

. Biotite-plagioclase-microcline-quartz gneiss from 8,920 ft (2,719 m) altitude, 160 m N. 20° E. from Bountiful Peak, Bountiful Peak 7.5-minute

quadrangle. Anhedral porphyroblasts of quartz as much as 4 mm in diameter, strongly strained and partly broken; anhedral saussuri-
tized plagioclase as much as 1 mm in diameter; anhedral somewhat perthitic microcline as much as 1 mm in diameter; and slightly bent
biotite as much as 0.6 mm long.

Biotite-bearing plagioclase-microcline-quartz gneiss from 8,320 ft (2,535 m) altitude on ridge south of Smith Creek Lakes. Peterson 7.5
minute quadrangle. Gneiss layer in migmatite unit. Anhedral strongly strained quartz as much as 4 mm in diameter, anhedral sericitized
and saussuritized plagioclase as much as 1 mm in diameter, synkinematic biotite as much as 0.4 mm long, and postkinematic muscovite
as much as 0.6 mm long.

Muscovite quartzite from pipeline cut, 100 m S. 32° E. of spot elevation 8,705 ft (2,663 m) between heads of Holbrook and Ward Can-
yons, Bountiful Peak 7.5-minute quadrangle. Quartzite unit. Granoblastic textured aggregates of interlocking quartz grains as much
as 8 mm in diameter, postkinematic muscovite as much as 3 mm long and in graphic intergrowths with quartz, and sericite from muscovite.
Plagioclase-microcline-sillimanite schist from 5,620 ft (1,713 m) altitude on west side of Hornet Creek, 200 m S. 20° W. from center of
sec. 20, T. 3N., R. 1 E., Bountiful Peak 7.5-minute quadrangle. Synkinematic to postkinematic biotite as much as 4 mm long; sillimanite
as much as 3 mm long but mostly 1 mm occurs in polygonal arcs, is bent, and is parallel with axial plane of folds indicating crystallization
before and after folding; anhedral locally perthitic microcline as much as 2 mm in diameter; anhedral plagioclase (An 22) as much as
2 mm in diameter; and muscovite intergrown with biotite.

Somewhat sheared and retrogressively metamorphosed muscovite-biotite schist from 6,760 ft (2,106 m) altitude on south slope of Mill
Creek valley, 170 m N. 70° W. from SE corner sec. 35, T. 1 N., R. 1 E., Fort Douglas 7.5-minute quadrangle. Synkinematic and postkinematic
biotite to 2 mm diameter; muscovite to 2 mm long intergrown with biotite; and anhedral plagioclase (An 28) to 2 mm long; anhedral
quartz in thin segregation stringer.

Garnet-biotite-plagioclase schist 180 m N. 32° W. from top of Big Rock in Mill Creek Valley, Fort Douglas 7.5-minute quadrangle. Anhedral
locally saussuritized plagioclase (An 30-32) as much as 1 mm in diameter, synkinematic to postkinematic biotite as much as 2 mm long,
anhedral quartz as much as 2 mm in diameter but mostly less than 1 mm, and subhedral garnet as much as 1 mm in diameter with
sieve texture formed by inclusions of quartz, plagioclase, biotite, and opaque minerals. A needle of sillimanite is included in plagioclase.
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FIGURE 16.—Diagrams showing chemical ratios of analyzed samples in the Farmington Canyon Complex. Numbers refer to analyzed
samples in table 2. A, Mean composition of arkose; G, mean composition of graywacke (Pettijohn, 1963). A, K,0/Na,O diagram.
Line represents ratio of 1.0. B, Al,0,/K,0+Na,0+Ca0 diagram showing position of selected minerals and fields of quartz
monzonite gneiss and amphibolite of the Farmington Canyon Complex.

which would plot in the upper part. Minor elements (in
samples 3-7) of gneiss are quite similar to those in the
quartz monzonite gneiss (table 1). That is permissive
evidence for derivation of the quartz monzonite gneiss
by melting of metamorphic rocks like those exposed in
the area.

MINOR ROCK UNITS

AMPHIBOLITES

Amphibolites are widely distributed throughout the
Farmington Canyon Complex, but only a few amphibo-
lite bodies are shown on plate 1, because most of the

amphibolites are too small to show at the scale of the
map.

The amphibolites typically occur in lenses only 1-3 m
thick and a few meters to 10 m long. The largest am-
phibolites are as much as 10 m thick and 500 m long.
One body that size is shown on the map (pl. 1) on the
west side of Bountiful Peak. At Devils Gate, some
pod-shaped amphibolites as much as 7 m thick are ex-
posed. The amphibolites generally have sharp contacts
with the country rock, are nonlayered, and are cut by
pegmatites. On the whole, pegmatites are less numer-
ous in the amphibolites than in their country rock. Rare-
ly do the amphibolites appear to have been weakly
migmatized.









ROCK UNITS OF THE FARMINGTON CANYON COMPLEX

TABLE 3.—Chemical analyses, modes, and norms of amphibolite and metadiabase
[Major oxides determined by X-ray spectroscopy by J. S. Wahlberg, J. T. Taggart, and James Baker, U.S. Geological Survey 1980 and 1981. FeO determined by chemical
means by Edythe Engl U.S. Geological Survey 1981 and 1982, and F‘ezo3 calculated by difference with Fe2T03. Ten minor elements determined by quantitative
emission spectroscopy by Carol Gent, U.S. Geological Survey, 1981, and Paul Briggs, U.S. Geological Survey, 1983. Other minor elements determined by ICP direct reading
semiquantitative emission spectroscopy by George Riddle, U.S. Geological Survey, 1981. Looked for but not found: Bi, Cd, U, Pr, Sm, Eu, Tb, Dy; (-—-), not present;
N, not detected; <, less than. Major oxides and CIPW norm in weight percent; minor elements in parts per million; mode in volume percent. CIPW norms calculated on
basis of analysis recalculated to 100 percent after deduction of volatiles]

Sample No.~- 1 2 3 4 5 6 7
Lab No.--— D-227764 D-234331 D-234327 D-234326 D-227770 D-234334 D-227767
Field No.,— 0-57-1-a P-90-A 0-13 0-38-B B-122-A B-120-A B-118-A

Major oxides (percent)

510, 47.2 48.2 48.0 50.1 51.1 51.1 51.7
Al,0, 15.2 13.5 16.4 14,0 12.6 14.4 14.5
Fe,04 2.42 2.98 1,40 1.88 1.65 2.46 1.42
FeO 9.36 9.07 9.41 9.16 8.92 9.98 9.75
Mgo 7.84 7.65 7.64 7.42 9.10 6.53 6.74
Ca0 10.0 11.9 10.4 9.79 12,5 10.0 1.4
Na,0 1.9 2.17 2.10 3.64 L1 2,15 1.8
K50 1.71 1.05 1.53 1.14 0.18 0.59 0.41
T10, 1.06 0.90 1.06 0.81 0.72 1.06 0.89
P,05 0.2 0.07 0.1 0.07 <0.1 0.09 <0.1
MnO 0.18 0.22 0.17 0.23 0.19 0.23 0.20
LOI 1.24 0.66 1.27 0.90 0.50 0.63 0.40

Quantitative minor elements (parts per million)

Ba 253 95 216 280 14 139 105
Cr 185 90 210 90 486 10 42
Nb <2 <20 <20 <20 <2 <20 <2
Ni 174 80 110 110 140 50 51
Sr 119 90 170 140 95 200 142
Y 14 20 30 20 11 20 14
Zr 77 51 90 70 44 65 56

Ce 19 <30 <30 <30 <10 <30 13




GEOLOGY OF THE FARMINGTON CANYON COMPLEX, WASATCH MOUNTAINS, UTAH

TABLE 38.—Chemical analyses, modes, and norms of amphibolite and metadiabase—Continued

Sample No,- 1 2 3 4 5 6 7
Lab No.~-— D-227764 D-234331 D-234327 D-234326 D=-227770 D~-234334 D-227767
Field No.— 0-57~l-a P-90-A 0-13 0-38-B B-122-A B-120-A B-118-A

Quantitative minor elements (parts per million)

Nd 11 <40 <40 <40 <10 <40 <10

Rb 70 <50 <50 <50 <10 <50 <10

Semiquantitative trace elements (parts per million)

Be 1.6 1 <1 <1 0.6 1 0.8
Co 45 53 42 44 42 46 39
Cu 110 120 69 8 47 150 150
La 8 <5 15 12 <3 8 4
Mo 6 <5 <5 <5 <3 <5 5
Pb 51 20 20 30 23 <10 36
Sc 32 64 33 43 44 56 47
v 190 300 220 230 230 330 260
Zn 110 110 95 130 64 130 85
Ga 15 <10 <10 <10 5 10 14
Ge N 70 60 60 N 50 N
Li 11 <5 12 10 9 5 5
Ta N 20 20 20 N 20 N
Th <3 6 <5 <5 4 <5 <3
Yb 2 3 3 2 1 3 2
Gd 20 N N N 20 N 20

Modes (percent)

Quartz - - - - - 5.4 2.9

Plagioclase 46.0 36.5 44,5 37.6 32.9 28.3 39.0
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TABLE 3.—Chemical analyses, modes, and norms of amphibolite and metadiabase—Continued

29

Sample No.- 1 2 3 4 5 6 7
Lab No,-—-— D-227764 D-234331 D-234327 D-234326 D-2277170 D-234334 D-227767
Field No.,—— 0-57-1-a P-90-A 0-13 0-38-B B-122-A B-120-A B-118-A
Modes (percent)
Hornblende  29.! 52,5 28.6 53.1 66.6 64.6 59.7
Biotite - - 1.1 - - P -
Pyroxene - 3.2 19.7 8.3 - - -
Opaque 0.2 P 1.4 - 0.5 0.6 -
Actinolite 11,4 6.4 3.9 0.6 - - -
Epidote P 1.3 - P - 0.8 P
Chlorite 12.9 - 0.5 0.3 -- 0.2 -
Apatite P 0.1 - 0.1 - 0.1 P
Sphene - P 0.3 - P P 0.4
Prehnite - -- - -- - P --
Zircon - - - - P - -

LOCATION AND DESCRIPTION OF SAMPLES

. Amphibolite lens from exposure of layered swirly biotite-quartz-feldspar gneiss containing pegmatite layers from outcrop just
south of U.S. Interstate Highway 80 in Weber Canyon, 780 m S. 87° E. of power plant dam in Weber Canyon, Ogden 7.5-minute
quadrangle. Partly retrogressively metamorphosed amphibolite containing tannish-green hornblende to 2 mm long with ZAC=18°
and partly altered to actinolite, chlorite, epidote, and sphene; and mostly saussuritized plagioclase (An 28) as much as 1.5 mm
in diameter. Dated sample (Hedge and others, 1983).

. Amphibolite from 0.5-m-thick pod cut by pegmatite in biotite-quartz-feldspar gneiss from roadcut on Farmington Canyon road,
180 m S. 58° W. from Halfway Creek crossing, Peterson 7.5-minute quadrangle. Brownish-green, anhedral to subhedral horn-
blende to 3 mm long, locally saussuritized anhedral plagioclase (An 38) to 0.5 mm in diameter, very light tannish green anhedral
to subhedral monoclinic pyroxene to 1 mm in diameter, and accessory opaque mineral and sphene. Some light-green secondary
amphibole after hornblende and pyroxene.

. Metadiabase from discontinuous mafic dike about 10 m thick cut by pegmatite from 7,890 ft (2,405 m) altitude in gully, 1.17
km N. 45° W. from summit of Mount Ogden, Ogden 7.5-minute quadrangle. Subhedral plagioclase (An 45-60) as much as 1.7
mm long; anhedral monoclinic pyroxene, mostly 0.1-0.3 mm in diameter but as large as 1 mm in aggregates and between plagioclase
grains; anhedral to subhedral brown hornblende as much as 0.3 m long in aggregates and at least in part derived from pyroxene;
biotite to 1 mm in diameter; light-green secondary amphibole from hornblende, and opaque mineral. Sericite from plagioclase
and chlorite in lat