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INTRODUCTION

The San Isabel quartz monzonite batholith forms the
center of the southern Wet Mountains of Colorado. The batho-
lith has an outcrop area of approximately 70 square miles in
a roughly elliptical pattern along a Precambrian fault zone
called the Ilse fault. Except to the east, where it has been
covered by sediments or is faulted out (Logan, 1966), the
batholith is surrounded by medium- to high-rank metamorphic
rocks which are classified by Boyer (1962) as biotite schist,
hornblende gneiss, lime-silicate gneiss, granite gneiss, lit-
par-lit gneiss, and migmatite. This study groups the light
colored gneisses together as granite gneiss and the dark
gneisses as biotite gneiss, because more accurate identifi-
cation of a hand specimen in the field was not always possi-
ble. The San Isabel quartz monzonite has the largest areal
extent of the four types of granite in the southern portion
of the Wet Mountains described by Boyer (1962), the minor
granites being those of Cliff Creek, Bear Creek, and Williams
Creek.

The purpose of this study is to present a more detailed
map of the San Isabel batholith than has been previously pub-

lished and to suggest a possible origin for the San Isabel
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batholith based on petrologic and structural studies.

PREVIOUS WORK

Earlier workers, Gilbert (1897) and Hills (1900),
described the general geology and structural history of
the Walsenburg, Colorado, and Pueblo, Colorado quadrangles,
respectively. These quadrangles include part of the Wet
Mountains and a portion of the San Isabel batholith. Bur-
bank et al. (1935) have more recently compiled the general
geology of the Wet Mountains on their geologic map of Colo-
rado. Christman et al. (1959) mapped and studied the dis-
tribution of thorium in an area of the Wet Mountains to the
north of the San Isabel batholith. Logan (1966) has studied
the Precambrian and Laramide age relations of the Rocky
Mountain frontal thrust along the eastern edge of the Wet
Mountains. Singewald (1966) reexamined the Ilse Fault,
which is a major strike slip fault zone transecting thz Wet
Mountains in the area of the San Isabel batholith. Bayley
and Muehlberger (1968) summarized the structure and tectonics
of the Wet Mountains in their basement map of the United
States. Interrelations between small granitic bodies and
metamorphic rocks in the Mount Tyndall quadrangle to the

northwest of the major exposure of the San Isabel batholith
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were mapped by Brock and Singewald (1968). Major previous
studies of the San Isabel batholith itself have been made

by Boyer (1962) and Whitten and Boyer (1964).

REGIONAL STRUCTURE

The Wet Mountains represent the southernmost exposure
in Colorado of the frontal portion of the Rocky Mountain
Laramide upthrust belt. The Spanish Peaks and Raton Basin
Volcanic provinces south of the Wet Mountains were formed in
Tertiary time (Knopf, 1936, Johnson, 1968). The Canon City
structural embayment, to the north, separates the Wet Moun-
tains from the Rampart Range (southern Front Range). To the
west, the Wet Mountain Valley Syncline separates the folded
Precambrian and Phanerozoic Sangre de Cristo Range from the
Wet Mountains. To the south and east, Huerfano Park, the
Tioga Basin, and Raton Basin merge with the Denver Basin
(Great Plains). The San Isabel batholith in the center of
the Wet Mountains forms the core of a large north-south anti-
cline which bifurcates to the south of the batholith. The
major extension of the anticline plunges to the southeast
and becomes the Apishapa Uplift, locally separating the Tioga
Basin from the Denver Basin. The western extension of the

anticline is called the Greenhorn anticline and plunges to
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the south, separating the Tioga Basin from Huerfano Park.
Figure 1, modified from Boyer (1962), summarizes the general
structure around the Wet Mountains.

The San Isabel batholith in the southern portion of the
Wet Mountains forms the core of a Precambrian metamorphic and
plutonic igneous complex, domed and thrust up above the sur-
rounding sediments. The batholith is complicated structurally
by two major fault zones that trend roughly north-northwest.
The better known fault zone is the Laramide frontal thrust,
which separates the Wet Mountains from the Denver Basin (Great
Plains). This thrust has been mapped by Burbank et al. (1935)
and Eardley (1963) as a continuous fault along the eastern
edge of the San Isabel batholith and the Wet Mountains.
Logan (1966) and the present writer find that, on careful
study, the fault is not strictly continuous along the eastern
side of the San Isabel batholith to the north and west of
Beulah. West of Beulah an unfaulted sequence can be observed
from the batholith through metamorphic country rock. North-
west of Beulah (secs. 5 and 8, T. 23S, R. 68W), the Fountain
arkose and Manitou (?) limestone exhibit normal sedimentary
non-conformable contacts with the San Isabel batholith. The
Frontal thrust of the Wet Mountains, where it exists, has
raised the eastern side of the mountains 5800 feet in the

area studied relative to an erosion surface formed during



SOUTH

PARK
L
coLoraD0
SPRINGS
N
CANON CITY

o CANON CITY

&EMBAYM_ENT
GREAT
pvEsLo ¥
PLAINS

NORMAL FAULY

(HACHURES ON
ODOWNTHROWN  SIDE)

~b—

THRUST FAULY
(SAWSTEETH ON
UPPER PLATE)

4

ANTICLINE
(SHOWING PLUNGE
. OF AXIs)

g

SYNCLINE
(SHOWING PLUNGE
OF AXIS}

.
WALSENBURG

BASIN

Figure 1.

5 10 Miles

Generalized tectonic map of the area around the

Wet Mountains, modificd from Boyer (1962).



~5~
Laramide time. The amount of uplift of the Wet Mountains
increases to the south. The other major fault zone, the
Ilse fault zone, has raised the western side of the Wet
Mountains an additional 1200 feet in Oligocene time (Taylor,
personal communication, 1970).

Singewald (1966) has discussed a major strike slip
fault, known as the Ilse fault zone, in the northern portion
of the Wet Mountains. He demonstrated Precambrian motion in
the Parkdale and Mount Tyndall area of the Wet Mountains and
proposed extension of the Ilse fault farther southward into
the Hardscrabble quadrangle. Some topographic evidence
suggests right lateral motion on the fault. On the basis of
topographic evidence, the present writer proposes continua-
tion of the Ilse fault into the San Isabel batholith from the
Hardscrabble quadrangle but finds evidence of right lateral
motion of only about 100 yards in the batholith. Singewald
(1966) also discussed evidence for several ages of movement
on the fault. The Ilse fault zone loses continuity in the
south-central part of the batholith but becomes topograph-
ically prominent again in the southeastern corner of the

batholith, where it merges with the Frontal thrust.
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PETROGRAPHY OF MAPPED ROCK UNITS

Experimental Technique

Quartz, potassium feldspar, plagioclase, and total
mafic and accessory mineral content was determined for
samples of each rock unit critical to this study. One
thousand points or more were counted on a slab of each
sample stained with sodium cobaltinitrite (Chayes, 1952)
under a grid with randomly spaced lines at right angles to
1 mm spaced lines. Individual mafic and accessory mineral
content of samples was then determined by counting at least
1000 points on a thin section of each sample with a Swift
automatic point counter which advanced 0.6 mm after each
count. Statistical accuracy for the percentages thus ob-

tained can be found in Van der Plas and Tobi (1965).

San Isabel Rock Units

In the southern portion of the Wet Mountains Boyer
(1962) recognized two individual facies of the San Isabel
quartz monzonite, these being a coarse-grained facies and
a medium-grained facies. Logan (1966), while mapping the
Frontal thrust on the eastern margin of the Wet Mountains,

recognized the same two facies of the San Isabel quartz
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monzonite. The present study of the main body of the San
Isabel batholith and closely allied bodies (see map, Plate 1)
maps both facies as suggested by Boyer (1962) but also de-~
fines two additional facies, a quartz medium~grained facies
and a porphyritic medium-~grained facies.

The four facies of the San Isabel quartz monzonite can
be easily distinguished megascopically. The characteristic
properties of these facies are: 1) the coarse-grained facies -
a dark speckled rock with coarse microcline phenocrysts in
an inequigranular groundmass; 2) medium-grained facies - a
dark speckled equigranular rock; 3) porphyritic medium-
grained facies - a dark equigranular rock with coarse
microcline phenocrysts; and 4) quartz medium~grained facies -
a pinkish equigranular rock in which quartz appears to be a
major component of the rock. Fine grained granite is found
in restricted parts of the batholith but is believed to be
indirectly related to the San Isabel guartz monzonite.

Although megascopically the four facies are easily
distinguishable by texture, mineralogically they have approxi-
mately the same range of composition. The only facies min-
eralogically separable is the quartz medium~grained facies,
which is quartz-rich and mafic-poor. The ranges and average
composition for each facies are shown in Table 1. The aver-

age composition of all samples is 31.3% potassium feldspar
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(microcline), 28.5% andesine (An30), 23.1% quartz and 17.1%
mafic and accessory minerals. Mafic and accessory minerals
include green or green-brown biotite, epidote, sphene,
apatite, magnetite (ilmenite content not determined), hema-
tite, blue-green hornblende, zircon, rare muscovite, and
rare allanite. Alteration products include chlorite (pennine
or prochlorite), hematite, sericite and rare calcite. One
occurrence each of fluorite and pyrite was noted. The name
quartz monzonite is suggested here as being more accurate
than the previously used "granite" for the San Isabel batho-
lith rocks.

The Cliff Creek granite (Boyer, 1962) occurs in the
area surrounding the town of San Isabel. This granite is
mapped with the medium-grained facies of the San Isabel
quartz monzonite in this report. Mineral proportions are
similar to those in the medium-grained facies, and tex-
turally both facies are similar. As Boyer (1962) observes,
the contact between the Cliff Creek granite and the medium~
grained facies is commonly gradational. Minor variation of
texture can be seen in many parts of the batholith, a phe-
nomenon not unique to the San Isabel batholith (Balk, 1937).
Such variations in the San Isabel batholith are not demon-
strably different from the surrounding major facies. The

Bear Creek granite and Williams Creek granite do not contact
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the San Isabel batholith and were not studied. Boyer (1962)
suggests that they are not related to the San Isabel batho-
lith.

Figure 2 shows where the 196 samples of this study were
¢ollected. Table 2 lists the detailed mineralogy of all
samples collected except the dike rocks. The four facies
of the San Isabel batholith are distinguished on the basis
of the following features:

Coarse-grained facies

Phenocrysts of deep pink microcline, commonly more than
four times the dimensions of the larger groundmass grains,
are the dominant feature of the coarse-grained facies. An
average phenocryst size of 2-3 cm is normal, although rare
phenocrysts up to 30 cm are observed. Most microcline grains
exhibit string, vein, or minor poorly developed braid per-
thite, but are otherwise free of inclusions. Rapakivi feld-
spars are rare. Subhedral to euhedral plagioclase grains
commonly have dimensions up to % of those of the microcline
phenocrysts. The plagioclase is white where unaltered, but
in most samples sericite or other alteration products give a
pale pink to creamy hue. Albitic rims on plagioclase are
common adjacent to microcline and myrmekite is common in
both the albitic rims and within some of the regular plagio-

clase. Antiperthite is rare. The anorthite content of the



Figure 2.

Location of samples
in and near the San
Isabel batholith. Num-

bers refer to sample
numbers. The outline is of the San Isabel

batholith; lines in the batholith mark
facies boundaries.
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8I-329
SI-330
SI-332
8I-335
8I-336
8I-338
8I-341
8I-343
81-344
81I~346

2.2 3.7 5.6

9.5

27.5

FGR
SIM

SIM

0.2 0.5
0.1 0.9 2.5

1.3
6.2 1.8 1.6

7.1
19.8

24.0 30.1

38.8

99.9
100.0

32.8 23.0

26.8 30.0

24.3

0.5 0.1
0.1 0.9 0.1 2.0 0.1

0.2 0.1

0.2 0.7

20.5

22.7

2.2 1.5 1.9 2.2

1.6 2.3

SIC
SIC
SIc

100.0

3.1

14.8 4.5

25.1 19.0
27.3 20.4

26.4 19.3

41.1

100.0

0.4 0.2
1.1
0.6

0.2 2.6 2.6
0.5 3.1 2.7
0.4 3.5 3.1

7.1
9.2
8.6

11.9

13.4

38.9

100.0

17.7

36.6

Sm™
sSmM
SIM

SIC

100.0
100.1

0.8
0.4

0.1 0.4

17.0

28.2 20.5

34.3

1.9 2.9 0.9
1.9 2.5 2.4
0.1 0.4 0.3

18.8

29.7 18.1
33.0 17.0

19.6 36.1

33.5

99.9
100.0

10.4

19.9

30.0

§o

0.3
0.3 0.3 0.3 1.2 0.7

4.6
10.4

6.3
21.4

38.0
32.6
27.9

SIM
SIM
SIM
SIM

SIM
FG

100.0

0.2

2.1 3.1 2.7
4.4 5.7 3.2

30.1 15.9

99.9
100.0

3.5

0.9

0.2 0.5

10.1

27.8

~t

0.1 2.8 5.0 0.5
1.9 2.8 3.0

7.2
10

16.3

[y}

34.6

100.0

0.2 0.1
0.1

1.7

0.3 1.3

.1

19.8

28.1 20.9

2

31.2

99.9
99.9

0.1

1.4 2.1 2.0

8.2
1.5

15.3
1.6

8
8

21.
47.

8
0

8
8

34.0
32.5
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Table 2,

Z Whole FPacies

Type

Chl Hbl Hem Allan Calcite Rock

Biot Ep Mag Sph Musc 3Zir Ap

Z Mafics

Sample K spar Plag Qtz

SF3281m
SIM
sIM
sIQ
sIQ

100.0

0.6

6.1 2.0 2.0

6.0
11.4

11.2

28.3 20.8
29.0 11.1

21.8 22,2

39.7
40.1

SI-348
SI-353
SI-358
SI-364
SI-368
SI-374
SI-379
SI-382
SI-385
SI-387
SI-394
SI-396

100.0

<
~

1.2 2.2 3.3
1.6 1.2 0.6
2.8 3.2 0.3

19.8

99.9

<
(=}

1.2

11.2

.7
38.5

99.9
100.0

“.1 0.1

0.7
1.0
0.3 2.7 16.4

0.7
6.8

12,7

29.5 19.2
25.3 15.2

39.5

0.7
0.3

0.8 0.8 2.1 0.2
6.5 2.6 5.1

2.5 0.1 O.s

12.3

47.2

SIM

SIQ

100.0

33.8

26.7

100.1

0.1 3.2
0.4
0.6

0.1 1,1 0.6

6.7
6.7
11.5

25.1 26.0

29.5 23.1

42.3
40.6

SIMM
SIPM

SIPM

99.9
100.1
100.0

0.1
0.1 0.1

0.1 1.0 0.1 0.4

0.8 2.2 1.2

4.6

0.4

6.2
4.9
8.1
5.3

35.8 21.6
22.8 28.4

31.2

0.1
1.2

3.0 1.3 2.0 0.1
2.3 3.3 0.6 0.6

1.9 1.5 2.2

13.2

35.6

SIMM
SIMM

Andesite?

100.0

0.4 3.5
0.1 0.8 0.3 1.7 0.1

20.1

29.3 20.9
31.5 19.1

29.7
35.3

99.9

14.0

SI-397D
SI-400
SI-405
SI-407

SIMM
“Llanite®

99.9

0.4

0.3 1.0

1.5 2.6 1.5

12.6 5.3

25.3 22.5

39.5

M
IM

S
S

o o
[~ ~]
[= W< =]
[l N

0.1
1.0

0.3 1.1

1.0

8.7 0.3 1.6 3.1 0.1
2.8 0.4 2.8

16.0

30.1 117.8
32.2 31.1

24.2 27.0

36.1
27.9

0.8

8.8
4.7
21.0

SI-414

SIQ

(=}

100.0

0.1 0.1

4.4
7.7

.1
30.4

SI1-417
S1-422
SI-426
SI-429
SI-430
SI-434

SIM™M

SIC

3.0

0.2 0.7 0.4
0.1 0.1 4.0

3.5 4.0 1.4
0.7 0.9 1.5
3.7 1.8 1.2

30.2 18.4
23.9 18.3
27.1 19.4

28.4 22.3

100.0

0.1

0.5 1.7 0.5 0.2

0.1 0.4

1.1
10.0

8.5
20.7

49.3

SIM
SIM
SIC
SIic

99.9
100.0
100.0

1.2

32.7

2.6 0.1

1.9 2.2 2.1
0.1 0.6 2.5

lo.0

19.4

29.9

0.3

0.4 0.1

0.1 1.9 0.2 0.9

13.6 9.4

25.0 24.0

24.5 24.5

37.4

100.0
100.0

0.9 3.3 3.4

8.1
6.8
4.3

18.9

32.1

SI-436
SI-439

SI-444

SIM

2.8 0.3
0.6 0.6
0.3

1.1
2.6

0.1 1.6

0.3 1.6 2.1 0.1

15.1

27.2 25.7

30.8 16.0

32.0
29.1

6.6 2.3 3.4 3.7

5.7 4.4 3.8 0.1

24.0

4.4

20.9

31.9 23.8

23.3
36.5

SI-447
SI-449
SI-451
SI-454
SI-457
SI-462
SI-467

S5I-471

10

0.3 0.8

0.9 1.6 2.2 0.8

1.2 6.2 7.7
4.8 1.9 2.7

7.0
7.9
5.2
9.0

13.7

31.8 18.0

SIc

99.9

0.1 1.7 0.1 5.8

30.6

32.9 17.3

19.1

sIc
SIC

99.9
100.0

0.3 2.2 0.3 0.3

17.8

34.8 16.1

31.2

0.5 0.5 2.1

5.9 6.4 5.9

30.4

33.3 19.3

17.0

SIQ
SIcC

100.0
99.9
100.0

1.5 1.5 3.5
0.1 1.3 1.8 1.9 0.1

om
m o
o~

3

S
[l Ye]
(3]

1

SIC

1.8 2.5 2.2

10.0

21.7

30.3 25.3

22.7



SIPM
SIPM
SIM
SIM
s
SIM
SIM
WDM
WDM

Type
sic
sIic
FGR
sIc
sIC
sIc
SIPM
SIMM
SIM
SIQ
SIM
SIM
SIM
SIM
SIM
SIQ
SIQ
SIPM
SIPM
SIPM
SIM
SIC

SIC

Rock
99.9
99.
99,

100.0

100.1
99.9
99.9

100.0
100.0
99.9
100.0
99.8
100.0
100.0
100.0
100.0
99.9
100.0
100.1
99.9
100.0
100.0
100.0
100.0
100.0
100.1
99.9

Z whole Facies
100.0

ric.
0.3
0.1

Se

0.2 0.6
0.1
0.9
1.3

0.3

1.0
2.5 0.4

3.3
0.3
6.8

2.0
0.8 1.1 2.4

0.4
0.2 1.5

Chl Hbl Hem Allan Calcite

1.6 0.5 0.4

1.6

0.1

0.5 0.8
0.3 0.8 1.5
0.1 0.6 0.2

0.1

1.1 1.8 0.9 1.1
2.1

0.2 0.7 2.7 0.2
0.6

0.5

0.6

0.8
0.1 2.3

0.2 0.9
0.1 0.4

0.1 1.2

Ap
0.2 1.8 1.8 1.1 0.6

0.2 0.4 0.6 4.9
0.3 0.2

c.1

5.5
0.7

2.2 0.1 0.3

0.5 0.05 0.05 0.05 0.05
7.0 2.3 3.6 0.1
4.5 2.5 1.9
2.7 4.8 3.7

1.1 0.2

6.2 7.0 4.3
1.8 0.4 0.7

2.2 2.2 2.5 0.7

5.1 2.3 3.0 0.5
3.8 1.8 2.1
2.9 3.4

0.8 2.2 1.8

0.4 0.8 1.0 1.2
4.3 4.0 1.5

0.3 1.1

1.8 3.1 0.4 3.7

1.5 10.5

2.9
0.2 2.3 1.7 1.8

0.2 0.8
3.6 1.0 1.7 1i.0

4.3 1.4 2.2 0.1
3.2 2.8 1.4
2.7 6.5 6.2
0.9 0.5 1.5 0.2
0.3 1.0 0.3 2.2
0.5 4.4 2.5

Biot Ep Mag Sph Musc Zir
3.5
10.0
0.1
5.3
9.5
10.0
10.2
9.2
13.3
5.0
15.9
11.3
7.7
13.0
6.7
11.4
13.8
8.9
10.0
0.9
15.9
9.1
1.0
10.6
12.8
3.5
4.9

Z Mafics
17.6
23.0

0.9
19.7
19.3
23.8
31.6
25.8
23.1

9.0
26.0
23.3
11.5
26.3
14.4
21.7
31.0

20.9
17.7
4.0
40.2
20.3
5.4
16.9
21.2
7.4
6.8
9.4

4.6

35.7 18.5
33.7 21.7
22.4 19.2
33.4 15.9
35.8 18.2
l6.3 27.1
30.8 22.7
28.0 16.1
23.7 17.6

6.1 34.1
23.5 25.5
34.0 27.7
24.8 32.5

21.0 19.3

24.9
26.3 21.6

22.7 26.7
22.2 20.4

31.4 17.2
24.7 28.8

35.7 17.6
39.1 17.3
16.0 41.3
31.4 15.6
31.4 16.7
19.1 20.2
30.4 20.0
24.7 22.7
25.8 19.1

inued.,

Conti
Sample K spar Plag Qtz

29.0
20.5
41.7
26.1
25.3
34.7
21.3
24.8
22.9
47.6
20.4
28.6
49.0
29.6

.3
38.0
39.5
28.6
34.4
46.7
17.1
31.1
41.1
35.7
33.9
52.4
28.8
32.5

SI-594 44.3

SI-476
S1-479
SI-484
SI-490
SI-493
SI-496
SI-497
S1i-518
SI-520
SI-~525
SI~532
SI-536
S1-542
SI-546
WD-549
WD-550
SI-552
SI-555
SI1-569
SI-576
SI-584
S1-587
SI-589
SI--591
SI~-592
SI1-593
SI-602
SI-605
SI-606

Table 2.

- O
(e N =}
(=N
~ -

100.0
100.0
100.1

0.1

0.1
0.1

0.4
0.1 0.8 0.4

0.5 0.5
0.1

1
10. 1
21.9 27.2 10.9 5.4 0.1 3.8
20.1 31.6
27.7 22.3

33.0 14.9
40.6 19.0

39.0

SIC-SIM
sIc

100.0

0.2

2.6
0.2 1.6 1.0 6.1

0.7
0.2 1.2 0.8 2.4 0.3

1.4 1.4 0.3
5.3 5.3 1.0
1.5 3.1 2.3
1.9 4.0 3.9

3.1
11.5
11.4

9.1

7.7
25.6
27.5
23.8

40.6
24.4
24.7
16.6

SI-617
SI-619
SI-621
S1-622
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Table 2.

L whole Pacies

Type

Chl Hbl Hem Allan Calcite Rock

Ap

Zir

Mag Sph Musc

Biot Ep

X Mafics

Sample K spar Plag Qt=z

SIC
SIQ

100.0

0.3 5.0

3.1

1.4 1.4

8.8
4.2
18.1

20.0

31.9 16.0

14.1 41.3

32.1

SI1-623
SI-625

100.0

0.1 0.1

0.1
0.6

0.1 0.9

0.8 0.3 0.4

6.1
1.¢

25.1

38.5

SIM
SIM
SIM
SIM
(53 od
SIC

99.9
100.0

1.9 0.2

3.2

27.3 20.9

22.8 23.4

26.6

SI-628
SI-630
SI-633

1.3 0.9 1.8 1.0
2.5 3.3 2.5 0.6
1.3 3.7 3.9 0.3

0.6 4.1 3.5

9.5
15.9

18.4

35.4

99.9

0.3

0.5 0.8 0.1
0.2 1.5

26.5

22,5 17.5
25.9 22,2
37.7 20.6
35.8 16.2

33.4

99.9
100.0

14.7

25.8

26.0

SI-635
S1I-640
SI-642

0.8 0.3 4.6

24.4 10.4
0.9

17.3
16.5

100.0
100.0

0.4

5.2
19.7

2.1 1.9 2.2

18.8

31.5

FGR
SIM
Sic
SIC

2.5 1.6

0.5
2.6 0.6 0.6

0.8
2.0
5.1
18.6

24.6

34.9 23.4

17.1
42.0

SI-644
SI-646

SI-647

99.9
100.0
100.0
100.0

0.1 0.6

3.1

21.6 33.2

0.1

9.2
32.9

14.0 19.7

57.1

3.9 8.4
0.1 2.0 0.5 3.9 0.1

0.6 1.0 0.2 0.2

32.5 21.8
31.9 19.4
35.9 19.0
34.0 17.5

-8

22.7

SI-651
SI-653

SIM
SIM
SIM
SIM

SIQ

2.8 4.8 4.1 0.1
1.6 2.0 3.4
2.1 3.0 2.8

8.4
6.9
9.8
12.7

26.9

100.1

0.9 1.7 0.6
0.9 0.5 1.6

0.6
0.7

17.1

28.1
25,7

24.1

SI-654
SI-656
SI-657

100.0

0.2

21.0

100.0

0.1

2.8 0.3

2.9 2.9 2.1 0.1
2.7 3.1 2.4 0.9

24.5

35.5 15.9
29.3 24.6
25.8 24.0

28.4 28.2

99.9

0.3

l10.8

20.9
18.2

25.1

SI-658
SI-660
SI-661
SI-662
SI-663

SIM
SIM
SIC
SIQ

99.9

1.3 2.1 0.3

0.4

4.0 1.3 1.2
2.1 1.6 0.3 0.1

6.3 1.8 3.3 0.5

7.9
12.6

31.9

99.9

17.1

26.2

29.2

99.9
100.1
100.0

0.7

0.1
0.1

6.6
1.7

19.3

24.7 26.7

(3]
o

0.1

0.

2.5

33.5 24.8
36.2 25.7
36.0 20.3

39.3

SIM

FGR

3]
(=]

1.7
6.3

2.3
6.3
9.6

26.1

37.4

SI-664
SI-666
SI-667
5I-669
SI-672

100.0
100.0

SIM
sIC
SIC

1.8

0.3
4.2 3.6 3.4
0.6 2.7 1.7
0.6 2.3 2.9

7.2

30.7 24.4
32.5 15.1
26.3 17.4

38.6 25.1

35.3

99.9
100.0
100.1

0.8 2.4 4.7

7.0
11.5

26.2

0.6 2.6 0.3 0.4

0.7

20.5

35.8

SIC

0.3 0.2

0.8 0.1

13.1

20.2

16.2

SI-674
SI1-676
SI1-677

SIQ
SIM
SIC

100.0
100.0
100.0

0.4

20.6€

37.7
27.2

0.2
0.3

3.6 3.5 0.7 0.5 2.3
0.3 2.1 1.7

36.2 27.1 23.0 13.7 3.0
5.3

S5I-679

SIQ

100.0

0.3 1.1

11.1

36.2 23.4

29.3

SI-681
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plagioclase, determined by the Michel-Levy method, ranges
from An,g to Ang, with an average near An30. Rare poikilitic
inclusions of biotite or hornblende in plagioclase can be
observed. Quartz is universally undulant and interstitial
to feldspars. Boundaries between quartz grains vary from
smooth to very ragged depending on the amount of crushing or
shearing. Mortar structure of fine-grained quartz around
feldspar grains is characteristic but not universal, and
some quartz grains are stretched around feldspar pheno-
crysts. Mafic and minor minerals include anhedral biotite,
epidote, pennine or prochlorite (which are never found
together) replacing biotite or as individual grains, euhedral
to anhedral resorbed hornblende in restricted areas, euhedral
sphene, apatite, magnetite, hematite, zircon, and rare mus-
covite. Foliation, which is moderately well developed, is
defined primarily by oriented microcline phenocrysts with
minor alignment of segregation of mafic minerals.

Medium-grained facies
The rocks of the medium-grained facies are roughly
equigranular, with the feldspars having average dimensions
of about 2.0 mm and quartz and other groundmass minerals
averaging about 1.5 mm. The normal color for microcline
is deep pink and of plagioclase is pale creamy yellow.

Microcline and plagioclase grains are euhedral to subhedral
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and are microscopically similar to those of the coarse-~
grained facies. Quartz content is variable, with the more
quartzose rocks grading into the quartz medium-grained facies.
Mortar structure of quartz around feldspar is somewhat less
common than in the coarse-grained facies, and stretched
quartz Iis uncommon. Undulant extinction of quartz is uni-
versal. Mafic minerals are present in the same proportions
as in the coarse-grained facies except that sphene is macro-
scopically less visible because it does not have the yellow
color characteristic of the crushed sphene in the coarse-
grained facies. Foliation is defined by elongation of mafic
segregation and individual grains.

Porphyritic medium-grained facies

The porphyritic medium-grained facies consists of
microcline phenocrysts up to several centimeters across in
a groundmass equivalent to the rocks of the medium-grained
facies. Thus, although it has characteristics of each of the
two most important facies, it is quite distinguishable in
the field. The porphyritic medium~grained facies may re-
present rocks intermediate between those of the coarse-
grained and medium-grained facies.

Quartz medium-grained facies
The quartz medium~grained facies is characterized by a

somewhat higher quartz and microcline content and lower
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mafic mineral and plagioclase content than the other facies
(Table 1). Thus the quartz is more readily visible in the
field, and the facies is mapped on this basis. Textures are
highly variable, with complete gradation from those of the
medium-grained facies to fine-grained rocks. Detailed tex-
tures of the various minerals and varieties of minor min-
erals appear to be the same in the quartz medium-~-grained
facies as in the other facies. Foliation in the quartz
medium~-grained facies is defined by elongation of micro-
cline and quartz grains. Sphene is generally absent.

Fine~-grained granite

A fine-grained granite appears to be related to the
San Isabel quartz monzonite but is not a compositional oxr
textural equivalent. This granite has a low mafic mineral
content and lower quartz content than the quartz medium-
grained facies. Pink microclinre and white to pale pink or
pale yellow plagioclase constitute the majority of the
equigranular rock. There is no foliation developed in the
fine~grained facies. Mafic minerals are evenly distributed
through the rock. The fine-grained granite is generally
found as rims around the margins of large foreign blocks
in the batholith but is also less commonly found as large

independent masses near the batholith margins (for example

sec. 21, T 23S, R 69W).
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Pegmatites
Many very coarse-grained pegmatites occur cutting
across batholith-country rock contacts, extending from
the batholith into the surrounding metamorphic rock, iso-
lated in the country rock away from the batholith, or
entirely within the batholith. Pink microperthitic micro-
cline and clear quartz with minor plagioclase constitute
95 percent of the pegmatite. Grain size as large as 15 cm
are common. Neither complex nor simple zoning has been
observed in the pegmatite. Pegmatite dikes have widths
from a few feet to 50 yards and can be up to one half mile
long. They are generally straight and have abrupt con-
tacts, and feathered contacts are normal. The pegmatites
are generally found within one mile of the contacts be-
tween the batholith and country rock and do not appear to
follow any established fracture pattern. Thus it seems
likely that the pegmatites formed after the emplacement of
the batholith but before the batholith responded to stresses
as a brittle solid. The high proportion of microcline and
the coarse-grained nature of the pegmatites suggests that

the late stages of the batholith were very rich in potassium-

bearing fluids.
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Dikes Genetically Unrelated to the San Isabel Batholith

Bostonite (?) dikes are distributed evenly through the
batholith and metamorphic country rocks. The dikes consist
of highly altered trachytic plagioclase laths and minor
potassium feldspar with interstitial quartz. Aphanitic to
the unaided eye, the dike rock closely resembles shattered
red brick in color and texture. Visible grains of potassium
felddspar are sporadically present. Outcrops of bostonite(?)
are rare as are the mafic dikes described below. Where
bostonite (?) and mafic dikes are traceable, they seem to
follow pre-existing fracture planes and have dimensions
3-10 yards wide and several hundred yards long. All of the
dikes seem to be distributed evenly through the batholith,
and Boyer (1962) reports their occurrence in the surrounding
country rock.

Mafic dikes in the batholith have a wide range of com-
position including andesite, trachyte, and camptonite(?).
All mafic dikes have an aphanitic groundmass with a variable
amount of plagioclase or hornblende phenocrysts. Epidoti-
zation near the mafic dikes is common and, except for a few
local areas near.fault zones, is restricted to association
with the dike margins. Epidote present in the main mass of

the San Isabel quartz monzonite is here distinguished from
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the epidotized layers near shear zones or mafic dikes. The
latter is clearly secondary. Some mafic dikes cut the Ilse

fault, and some dikes appear to be cut by the fault.

OTHER GRANITIC PLUTONS

Wixson Divide Pluton

A small granitic pluton with an area of about four to
five square miles crops out near Wixson Divide, about two
miles north of the San Isabel batholith and just east of
the Ilse fault zone. Reconnaissance sampling indicates
that the texture of the rock is very similar to that of
the "normal" medium-grained facies of the San Isabel quartz
monzonite.

The Wixson Divide pluton, however, appears to contain
more microcline and significantly more muscovite, and less
plagioclase, biotite, and hornblende than the San Isabel
quartz monzonite. Textural similarities suggest that the
Wixson Divide pluton and the San Isabel batholith have had
similar histories, but mineralogical differences show that

they are two bodies, probably not continuous at depth.
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Granites of the Mount Tyndall Quadrangle

In the Mount Tyndall quadrangle, about 20 miles north-
west of the San Isabel batholith, the "r" and "d" granites
of Brock and Singewald (1968) form a series of dikes and
sills of various dimensions on the west side of the Ilse
fault and are more or less perpendicular to the fault. Folia-
tion, generally parallel to walls, is developed in the medi-
um- to fine-grained granite by an elongation of white plagio-
clase and deep pink to pale red microcline. Mafic minerals
are less abundant than in the San Isabeél rocks. On the basis
of rapid reconnaissance, the overall mineralogy, textural

characteristics, and structural relations indicate no

correlation between the San Isabel batholith and the "r'

and "d" granites.

AGE ReELATIONSHIPS

Cross-cutting relationships, as demonstrated in sec. 19,
T 23S, R 68W on the geologic map (Plate 1), suggest that the
medium-grained facies of the San Isabel batholith is the
oldest unit. The medium-grained facies either is intruded
by other facies or, as in sec. 19, T 23S, R 69W, occurs as
remnant blocks in other facies. The quartz medium-grained

facies is apparently younger than the medium-grained facies
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but older than the coarse-grained facies, which intrudes
it (sec. 25, T 22S, R 69W). Except for one remnant block
surrounded by coarse-grained facies and granite gneiss, no
isolated masses of quartz medium-grained facies are found
outside of its principal outcrop area, which makes relative
age determination difficult. The porphyritic medium-
grained facies intrudes no other facies hut has gradational
borders with the coarse-grained facies (sec. 11, T 23S,
R 69W) and medium-grained facies; on the basis of finer
grain size, the porphyritic medium-grained facies may be
older than the coarse-grained facies. The coarse-grained
facies intrudes all other facies without being intruded
and thus is believed to be the youngest facies. Composi-
tion, texture, and relation to foreign blocks indicate that
the fine-grained granite was formed by reaction with foreign
rocks when the San Isabel quartz monzonite was emplaced
around them. Cross-autting relationships indicated that
the pegmatite dikes are the youngest bodies related to the
San Isabel batholith.

Boyer (1962) listed Stern's (1960) lead-alpha age for
the San Isabel quartz monzonite based on zircons as 1430+
200 my. Hansen and Peterman (1968) and Aldrich et al. (1958)
list somewhat younger K-Ar and Rb-Sr ages for the Pikes

Peak, Silver Plume and Sherman granites to the north along
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the Rampart Range (Front Range). On the basis of rapid
reconnaissance, study of single samples of granite from
other plutons, and on the basis of age differences, no
correlation can be made between the San Isabel batholith and
other granites of the frontal portion of the Rocky Mountains.
The Vernal Mesa quartz monzonite of the Black Canyon of the
Gunnison to the west has a composition similar to the San
Isabel batholith but has a somewhat greater age (Hansen and
Peterman, 1968).

Recent work by Taylor (personal communication, 1970)
and by Brock and Singewald (1968) has indicated an Early
Cambrian age for the bostonite(?) dikes in the area of the
San Isabel batholith. Neither the mafic dikes nor the bos-
tonite(?) dikes are deformed by later tectonic or thermal
metamorphism except those near the Ilse fault. A Tertiary
age for some of the mafic dikes is possible, as suggested by
Boyer (1962), for basic igneous activity during the Tertiary
is known in the Wet Mountains (Brock and Singewald, 1968)
and to the south in the Spanish Peaks area (Knopf, 1936;
Johnson, 1968). Early or pre-Oligocene basic igneous activ-

ity can be inferred from the offset mafic dikes along the

Ilse fault.
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SPATIAL RELATIONS

Contacts

The margins of the San Isabel batholith show different
types of contact relationships at different places. Along
the northwestern, western, and southwestern margins, the
batholith is clearly intrusive into surrounding metamorphic
rocks. The limit of southeastern exposure of the batholith
is the Laramide frontal thrust, which brings the San Isabel
quartz monzonite into fault contact with younger sediments.
The northeastern edge of the batholith is marked by over-
lapped Paleozoic sediments. Along the eastern edge, near
Beulah, contacts between batholith and metamorphic country
rock are more gradational than those on the western side.

It is estimated that as much as 15 square miles may be hidden
by sedimentary cover or faulted out along parts of the east-
ern margin of the San Isabel batholith.

The contact between the batholith and metamorphic
country rock on the northwest is sharp, straight, and well
defined. There is no evidence for a chill zone or reaction
boundary with the metamorphic rocks. The coarse-grained
facies, which is dominant west of the Ilse fault, maintains
a normal character up to the contact with no apparent change

in texture or composition. Foliation within the San Isabel
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batholith is not well defined but has a vague general north-
east strike and does not seem to change in strike near the
contact with country rocks. Lineation in the San Isabel
batholith, weakly defined by poor alignment of microcline
phenocrysts, trends approximately northwest (e.g. see the
geologic map in Boyer, 1962). In the surrounding metamorphic
rocks, foliation tends to strike parallel to and dip away
from the batholith contacts. Thus only in the northwest,
and to a small extent in the southeast, is the foliation of
the San Isabel quartz monzonite parallel to the country
rocks. 1In other areas, foliation and lineation may be
sharply divergent between the batholith and country rocks.

Along the west-central edge of the batholith, the

development of a zone of medium-grained San Isabel quartz
monzonite between the main body of coarse-grained quartz
monzonite and metamorphic country rock appears just to the
south of a fine-grained tongue west of St. Charles peak
(sec. 21, T 238, R 69%W). The contact between the coarse-
grained facies and the medium-grained facies is gradational,
but the contact between the medium-grained facies and the
country rock is sharp. The medium-grained facies may re-
present an original chill zone protected from invasion by

later magma by the presence of the tongue of fine-grained

granite.
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The contact between the batholith and granite gneiss
country rock is gradational along a distance of two miles
west of Beulah. The medium-~grained facies, which is domi-
nant on the eastern side of the Ilse fault, grades smoothly
into well-foliated granite gneiss over a width up to 500
yards. Good outcrops are rare along this transitional
contact, but the change in rock type appears as a decrease
in grain size and decrease in mafic mineral content away
from the batholith; foliation in the transition zone is
less pronounced than in both the batholith and country rock.
There is a scarcity of large (1 cm or more) microcline
phenocrysts near the gradational contact. The gradational
character of the contact is more pronounced where the coun-
try rock is granitic gneiss.

Sharp contacts can be observed to the north and south
of the gradational contact. To the south of the gradation,
road cuts of the contact zone show small-scale, abrupt,
irregular, intrusive contacts without evidence of stoping:
Numerous apophyses of the weakly foliated San Isabel quartz
monzonite cut across the foliation or parallel the foliation
of the metamorphic country rock.

The prophyritic medium-grained facies is found mainly
in the northeastern portion of the batholith. One short

area of contact between the porphyritic medium-grained facies






