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PREFACE.
By F. L. RaNsoME.

The study of the geology of Luna County, which includes the area
known as the Deming quadrangle, was not deliberately planned but
had its inception in a brief visit by Mr. Darton in 1903, when he was
in charge of the western section of the division of hydrology of this
Survey. His main purpose was to gain only such information on the
general geologic structure as would enable him to ascertain whether
or not artesian conditions exist in the wide desert plains of the re-
gion. During later years he made additional observations with a
view to determining how to obtain and utilize for irrigation the water
from comparatively shallow depths. Incidentally, he made exami-
nations of the geology of the several isolated buttes and mountain
ranges and finally mapped these in detail. The result is the present
report and also the Deming folio, now in course of publication. Much
attention was given to underground water problems, for there is
great demand from settlers for information as to the area in which
water is obtainable, the depth to water, and the quantity available.
To meet this demand a brief preliminary report on the underground
waters was published in 1914.* »

The work embodied in the present report and in the Deming folio
supplements other investigations already completed in' New Mexico.
The area here described lies about 40 miles west of the El Paso quad-
rangle and adjoins at its northwest corner the Silver City quadrangle,
both of which have been geologically studied.

The belt of mountainous but generally low country, by which the
Colorado Plateau province is bordered on its southwest side, not only
contains some of the largest copper deposits in Arizona and New
Mexico, including the Chino, Clifton-Morenci, Globe-Miami, Ray, .
and Jerome ore bodies, but is also of much geologic interest, particu-
larly in its stratigraphic and structural problems. Along this belt
eight quadrangles, five on the scale of 1:125,000 and three on the
scale of 1:62,500, have been geologically surveyed for folio publica-

1Darton, N. H., U. 8. Geol, Survey Water-Supply Paper -345, pp. 25-40 (Water-Supply
Paper 345-C).
9



10 ' LUNA COUNTY, NEW MEXICO.

tion. These quadrangles, named in order from southeast to north-
west, are the Van Horn, Tex. (Folio 194, by G. B. Richardson) ; El
Paso, Tex. (Folio 166, by G. B. Richardson); Deming, N. Mex.
(folio by N." H. Darton in preparation); Silver City, N. Mex.
(Folio 199, by Sidney Paige) ;.Clifton, Ariz. (Folio 129, by Wal-
demar Lindgren); Bisbee, Ariz. (Folio 112, by F. L. Ransome);
Globe, Ariz. (Folio 111, by F. L. Ransome) ; and Bradshaw Moun-
tains, Ariz. (Folio 126, by T. A. Jaggar and Charles Palache). As
these quadrangles are distributed along a distance of about 500
miles, much work remains to be done before the differerices in stratig-
raphy and structure between the several areas can be fully explained
and the significance of these differences in relation to the general
geologic history of the region be clearly understood. Outside of
its local resources in underground water and some fluorite deposits
of considerable productiveness, Luna County is not known to possess
great mineral wealth. Consequently the present report and the Dem-
ing folio are likely to prove of most value as contributions to accurate
knowledge of a region whose broader geologic problems possess
exceptional interest. '

i ——



GEOLOGY AND UNDERGROUND WATERS OF LUNA
COUNTY, NEW MEXICO.

. By N. H. DARTON.

INTRODUCTION,

This report presents the results of an examination of the greater
part of Luna County, in southwestern New Mexico (see fig. 1),
made in the autumn of 1910 and some supplemental observations in

11911, 1912, and 1913. The purpose of the work was to determine the

geologic _structure of the region and to procure all data bearing on
prospects for ‘obtaining underground water for domestic use and
irrigation. During the last few years many settlers have come into
the county and taken homesteads in the broad desert valleys, or
bolsons, with the expectation of using underground water for irriga-
tion. They have been encouraged by the excellent results obtained
by several of the earlier settlers, and many of them have sunk wells
and established pumping plants with satisfactory prospects for suc-
cessful irrigation. The main source of supply is the widespread
underflow fed by the scanty rainfall and also by Mimbres River, a
mountain stream which normally passes underground near the north-
west corner of the county. This water has been accumulating for a
long time and now saturates the gravel and sand deposits under-
lying most parts of the bolsons. Unfortunately the entire area is
not underlain by these water-bearing deposits, and in places the
water is too deep or too scanty in amount to be utilized. Therefore
one of the principal purposes of the investigation was to determine
the extent of the area underlain by water-bearing deposits, the depth
to these deposits, and the amount of water available.

The mountains rising out of the bolsons of Luna County exhibit a
great variety of sedimentary and igneous rocks, in places contammg
mineral deposits. that have been worked to some extent. Except in

' some notable bonanza “finds,” however, these deposits have not

proved very profitable.
11



12 LUNA COUNTY, NEW MEXICO,
TOPOGRAPHY.
MOUNTAINS AND RIDGES.

A large part of Luna County consists of a desert plain, or bolson,
mostly from 4,000 to 5,000 feet above sea level and having a general
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Ficurn 1.—Map of southwestern New Mexico and adjoining regiom, showing location of
Luna County. )

up grade to the west. Rising from the bolsons at intervals are nar-
row rocky ridges ranging in length from 2 to 20 miles and in height



U. 8. GEOLOGICAL SURVEY BULLETIN 618 PLATE Il

A. VIEW LOOKING SOUTHWEST THROUGH THE PASS ACROSS COOKS RANGE ON OLD BUTTER-
FIELD ROAD.

The knobs are igneous masses in the agglomerate. The man stands on the grave of party of immigrants massacred
by Apaches.

B. COOKS PEAK FROM THE WEST.

Paleozoic limestones in foreground. The peak is porphyry.



U. S. GEOLOGICAL SURVEY BULLETIN 618 PLATE Ill

A. NORTH END OF FLORIDA MOUNTAINS, 12 MILES SOUTHEAST OF DEMING, N. MEX.

View looking southeast. Most of the rocks are agglomerates and flows. At extreme right edge Paleozoic
limestone (L) rests on granite (G).

B. CAPITOL DOME NEAR NORTH END OF FLORIDA MOUNTAINS.

View from the west. The dome consists of agglomerate and igneous flows; below Paleozoic limestones and
sandstone lie on granite, which rises in knob at left of view.



U. S8. GEOLOGICAL SURVEY BULLETIN 618 PLATE IV

A. SOUTH END OF FLORIDA MOUNTAINS.

Shows the wide bolson out of which the mountains rise. This bolson is underlain by water which in places
comes nearly to the surface.

B. TRES HERMANAS MOUNTAINS.

Peaks of porphyry 25 miles south of Deming, N. Mex. View looking northwest.



U. 8. GEOLOGICAL SURVEY BULLETIN 618 PLATE V

A. THE GREAT SPRING AT OLD FORT CUMMINGS, NORTH OF DEMING, N. MEX.

A natural rock dam across the valley has formed the spring, which is under building near center of view.
Remains of fort in distance at the right.

B. GOODSIGHT PEAK, 8 MILES EAST OF FLORIDA STATION, N. MEX.

View looking northeast. Ridge of massive bedded agglomerate on left, overlying sandstone and tuffs. Three
sheets of basalt occur in high ridge in distance.



TOPOGRAPHY. 13

from a few hundred feet to nearly 2,500 feet. The largest of these
is Cooks Range (Pl II) and its outlying ridges, culminating in the
conspicuous high summit known as Cooks Peak, which has an alti-
tude of 8,408} feet. The Florida Mountains (Pls. III, IV, 4) form
a short but very prominent and rugged range a short distance south-
east of Deming, rising to an altitude of 7,400 feet, or 2,500 feet above
the bolson. They lie in line with Cooks Range, and not far south,
on a continuation of the same line, are the Tres Hermanas Mountains
(PL IV, B), which extend nearly to the international boundary.
It is probable that all these ridges are portions of one range and
have an underground connection not far below the surface in the
gaps which separate them. The Cedar Grove Mountains, a long,
narrow ridge of considerable prominence, cross the southwest corner
of the county; the Carrizalillo Hills are a southern continuation of
them and the Klondike Hills an outlying ridge. The Victorio Moun-
tains rise with considerable prominence 3 miles south of Gage, and
the Grandmother Mountains are a group of conical peaks 7 miles

‘north of that place. Still farther north are the scattered rocky

buttes of the Cow Spring Hills with the conspicuous Cow Cone at
their north end. Red Mountain and Black Mountain (Pl VII, B,
p- 15) are two small but high buttes rising on the south and north
sides, respectively, of Mimbres River, southwest and northwest of
Deming. Taylor Mountain and the Fourmile Hills are low dome-
shaped areas of rocky ledges a few miles west of Cooks Range. The
Goodsight Mountains form a high ridge extending through the
northeast corner of the county and culminating in the well-known

~landmark Goodsight Peak (PL. V,B). The Sierra Rica extends from

Mexico into the extreme southwest corner of the county, where it
terminates in a group of high limestone buttes. Among minor hills
and ridges rising above the bolsons are the Burdick Hills, west of
Tola, the Snake Hills, southwest of Deming, some ridges east and
northeast of Arena, and some low buttes of basalt west of Mimbres.

The distribution and configuration of these features are shown on

. the geologic map (PL I, in pocket), and further information regard-

ing elevations along certain level lines is given at the end of this
report. '
BOLSONS. o

The smooth desert plain that occupies a large part of Luna County
is part of a great plain of gravel and sand which extends continu-
ously across southern New Mexico from the Rio Grande to and over
the Continental Divide. Where the Rio Grande has excavated a
wide valley 800 feet deep the altitude of this plain is about 4,000
feet, but at the Continental Divide south of Silver City its altitude
is about 6,000 feet, showing a general up grade of about 20 feet to
the mile. In general in Luna County the plain rises regularly from



14 LUNA COUNTY, NEW MEXICO.

less than 4,000 feet on the southeast to 5,400 feet in the northwest
corner, an up grade of about 22 feet to the mile, but the slope is con-
siderably greater from Deming northwestward.

From most points of view the plain appears to be flat (see PL IV,
4) with low mounds of sand or shallow arroyos here and there. In
places near Deming the Mimbres has cut a trench 15 to 20 feet deep,
and some of the local draws have steep banks. There are three promi-
nent rises in the plain—one constituting a step 200 feet high east of
Arena and extending northward across the southeast corner of the
county; one at the south end of the Tres Hermanas Mountains just
east of Mimbres station, a rise of 333 feet; and the third in the
Burdick Hills. Toward the mountains the gentle slope:of the bol-
son plain gives place to a much steeper grade, due to a long alluvial
fan, a feature which is especially conspicuous around the Florida
Mountains.

’ DRAINAGE.

Mimbres River drains all of Luna County except a small district
south of the Cedar Grove Mountains which slopes into Mexico. The
Mimbres is usually a running stream at the north margin of the
county, but farther south it flows over the surface only when flooded
by exceptional rainfall. Its extreme freshet flow rarely extends be-
yond the central part of T. 25 S. edst of the Florida Mountains, but
nearly every year the water passes Spalding once or twice, and not
infrequently it extends to Deming and beyond. Its flood period is
very short, however, and for the greater part of the year most of its
bed is dry sand. (See Pl VI, 4.) '

An important affluent is the San Vicente Arroyo (Pl VI, B),
which joins the Mimbres a mile south of Spalding and in time of
flow brings a large volume of water from the Silver City district.
Cow Creek, draining an area of moderate size in the Cow Spring
Hills, is a western branch which seldom flows. The drainage of
Cooks Range, the Little Florida Mountains, and the east side and
north slope of the Florida Mountains belongs to the main Mimbres
system, but it is rare that these waters reach the river channel. A
line from Red Mountain to the White Hills and the center of the
west side of the Florida Mountains defines a watershed, south of
which the surface slopes into the valley of Palomas Arroyo. This
arroyo heads in the slopes and ridges in the west-central part of
Luna County and in Grant County, and flows through the gap at the
north end of the Tres Hermanas Mountains, finally emptying into
the Palomas Lakes in Mexico. It occupies a southern continuation
of the Mimbres Valley, in the southern part of the country. It flows
only at times of freshets, and although these are of short duration
sometimes the volume of water is considerable. '



U. 8. GEOLOGICAL SURVEY BULLETIN 618 PLATE VI

4. DRY BED OF MIMBRES RIVER JUST EAST OF SPALDING, N. MEX.

View looking upstream. Cooks Range and Cooks Peak in distance.

B. SAN VICENTE ARROYO NEAR WHITEWATER, N. MEX.

View looking downstream. Shows wide alluvialflat trenched by arroyo working upstream.



U. S. GEOLOGICAL SURVEY BULLETIN 618 PLATE Vil

A. LIMESTONE KNOBS AT NORTH END OF SIERRA RICA IN SOUTHWESTERN CORNER OF LUNA
COUNTY, N. MEX.

View looking northwest, The rocks are of Comanche age.

B. BLACK MOUNTAIN, 8 MILES NORTHWEST OF DEMING, N. MEX.

View from south. Basalt sheet capping Quaternary deposits of gravel, sand, ash, and tuff.
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CLIMATE.

The climate of southwestern New Mexico is in general similar to
that of districts of similar altitude in a wide district extending from
western Texas to the southwestern part of California. The winters
are mild, and although the summers are decidedly hot the air is so
dry that the heat is much more endurable than the sultry summer
weather of the Eastern and Central States. As the altitude of -the
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FIGURE 2.—Diagram showing precipitatipn at Gage, Deming, and Cambray, N. Mex.

greater part of the bolson area ranges from 4,000 to. 5,000 feet, the
heat is much less than in the lower lands of the Southwest. The
principal rainy season is in July, August, and September. The rain-
fall is moderate, averaging slightly less than 10 inches a year in the
lowlands. On the higher ridges the amount is much greater, for
many rains and snows fall on the high areas when there is no precipi-
tation in the adjoining desert valleys. The region lies outside of the
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normal storm track extending across the central United States, and
in consequence the weather is much more uniform than in regions
farther north and east. On nearly 300 days in a year there is sun-
shine for the greater part of the day, and storms of long duration are
rare.

The following tables give the monthly and annual precipitation at
Gage, Deming, Cambray, and Columbus, and figure 2 shows the
annual and average monthly precipitation at the first three points.
The data are taken from the reports of the United States Weather
Bureau. : :

Precipitation, in inches, at Deming, N. Mex., 1882-1911.

Year. Jan. | Feb. | Mar. | Apr. | May. [ June.| July. | Aug. | Sept.] Oct. | Nov. | Dec. |Annual.
1.00 | 0.50 | 0.00 | 0.00 | 0.43 [ 1.22 | 2.55| 0.52] 0.00 | 1.54 | 0.20 8.71
.00 177] .00 . .10 2,951 1,41 .53 1.32| .30| .88 9.36
.70{ .20 .20| .00 .00| .52 |1.04f .80 | 1.53] .54|1.35 7.68
75| .52 .00 .77 ]11.33|1.38] .81 .09] .281 .50 | .01 7.34
.50 .00} .00( .00 .00(1.13|4.194.36) .50| .00 | .00 11.36
.20 .00 00 00 .00(2.02]3.46(3.39{2.13}{ .31 | .05 11.56
1L.77] .24 50 701 .50|1.08} .60 .00]1.601.45]| .27 8.97
L0 L1211 .05 .00 90| 1.09{ .64]3.55| .84 . .00 9.18
.00 .00 .13 00| .16|4.092.2012.26| .47 .42|1.25 11.51
531 .64 .00 481 .14 | .18 |1.20( .80 00| .00 ( .18 4.55
.8 1.341 .10 .90 .2 .3 .08]1.21)1.8 ] .60 7.93
.59 ) .42 ..00)1.45) .01 12.82]4,38/2.64 .06 10 12.66
.66 | .45 .00 .65 .95 Tr. 45| .00 36 3.57
15( .00 Tr. | .58 .25|3.76| .35| .00 .15| .90 [ .15 6.79
Tr. .00 20| .00 .15]|4.30]1.95(2.00{3.25] .25 00 12,70
20| .42 0| .00 .50 2.8 ) 1.41(1.87( 157 .00| Tr 10.41
Tr. } 1.42 30 .00 | Tr. |1.66 ) 1.73| .21 .00 .10 6,77
Tr. .00 00| .00| Tr. |3.92| .78 .54 | Tr. .45 | Tr. 5.74
46 74 00 10| Tr. | 2.10| .08 | 3.10 20] .04 03 7.41
1.87 11 | Tr. Tr. Tr .98 .90 05 75 31| Tr 5.37
T Tr. 00 20 91 ] 1.61 36 01 27 | .30 4, gg
9.

00 . . . . . .80 .00 . . 3
140 .67 | .38 .00 .96} 7.13| .30 | 1.77}1.30{ .00| .42 15.10
.53 .49 .18 .18 .59 (2071 8 |1.43| .69| .52| .63 9.70

1908, first killing frost Oct. 19; last, Mar. 19; 23 rainy days; 231 clear; 91 part cloudy; 44 cloudy; 1 foot

Snow.
. 1!])109, first killing frost Oct. 19; last, Apr. 23; 23 rainy days; 230 clear; 107 part cloudy; 28 cloudy; 10%
inches snow.
1910, first killing frost Oct. 20; last, Mar. 30; 14 rainy days; 136 clear; 136 part cloudy; 96 cloudy; no snow.
1911, first killing frost Oct. 22; last, Mar. 13; 40rainy days; 167 clear; 162 part cloudy; 96 cloudy; 5inches
SnOW.

Precipitation, in inches, at Gage, N. Mex., 1899-1911.

Year, Jan. | Feb. | Mar, | Apr. | May. | June.| July.| Aug. | Sept.| Oct. | Nov. | Dec. |Annual.
0.20]0.16 | 0.12} Tr. [ 0.00 | 3,40} 1.00{ 0.15] 0.10 | 0.10 | O 11 5,70
35 15 2711.65) .75(3.13 28 63| .00 8.20
99 11 00| .00} .45(3.05]2.08] .30|1.45|1.00{ .00 9.71
.30| .00| .00! .00} .24 11.45[3.02{110| .10| .52(1.30 8.03
20 90 00 25]1.20| .51] .72 2.84 0] .00]| Tr 6. 89
00 00 00| Tr. 6211.16(1.35( .65]2.00{ .55(1.50 7.83
3.00 (295|178 .06| .62|1.17]2.25|2.04] .44]2.80| .75 19.46
.................................... .41 .84 471240 ........
11 15 13 62 98 ]1.672.05]1.31|1.18]1.10 00 10.71
22 17 74 12 001921215 .31 10 70 6.99

15 | 1.40 00 00232 .00]1.97| .45 00 00 45 7.68
00 20 04 14 50| .68[1.00} .05 00| Tr 00 2.84
1.00 50 20 00]1.30 | 4.50 | .3012.20|1.00 00 72 13.38
. 8.52
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Preci‘pitation, in inches, at Cambray, N. Mex., 1899-1911.

Year. Jan. | Feb. | Mar. | Apr. | May.|June.|July. | Aug. | Sept.| Oct. | Nov. | Dec. |Annual.
0.00| 0,54 | 0.18 4,97
100 .45 .10 6. 94
2.95 .70 7.71
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80| 187 | .55] 33| .00 |125 (380 | .40|1.31| .31| Tr. | le6| 1128
36| .61 .40| .26 11| .59 |1.46(1.3¢|1.37| 61| .56 .80 | 819

Precipitation, in inches, at Columbus, N. Mewx., 1910-11.

Year. Jan. | Feb. | Mar. | Apr. | May. | June.| July. [ Aug. | Sept.| Oct. | Nov. [ Dec. ‘}“égf

..]0.14 [ 0.03 1 1.13 [ 0.09 | 0.01 | 2.34 | 0.54 | 1.17  0.35 | 0.03 | 0.19 | Tr. 6. 61
. .65({103| .05| .23| .00( .81|5.19| .09 (L8| .50 .21 .97 11.54

1910, first killing frost Oct. 21; last, Mar. 30; rainy days, 29; clear days 227; partly cloudy, 42; cloudy, 96.
1911, first killing frost Oct. 22; rainy days 34; clear days 203; partly cloudy, 70; cloudy, 92.

The mean monthly and annual temperatures of Luna County are
much more uniform than the rainfall. The hottest month is June
in some years and July or August in other years. December is
usually the coldest month. The following tables are taken from the
records of the United States Weather Bureau:

Monthly and annual temperatures, in degrees Fahrenheit, at Deming, N. Mez.,

1908-1911.

Year. Jan, | Feb. | Mar. | Apr. [May. |{June. [ July.| Aug. [Sept.| Oct. [ Nov. | Dec. |Annual.
56.4 { 64,4 | 76.6 | 72.2 | 72.6 | 70.3 | 56.2 | 46.7 | 41.9 57.9
58.6164.0178.6|81.2(74.4170.2|625]|52.0]|37.0 59.6
58.9[70.3 | 78.0 { 80.6 | 78.5] 76.2 | 62.3 | 51.7 | 42.8 | - 62.0
57.2 1658 76.1|76.7|78.6|72.7]62.6(452(33.4 59.1

Monthly and annual temperatures, in degrees Fahrenheil, at Gage, N. Mex.,
1908-1911.

Year. Jan. | Feb. | Mar. Apr. [ May. | June.; July. [ Aug. | Sept.| Oct. | Nov. | Dec. |Annual.

40.5 58.5
37.0 61.8
43.4 62. 4
35.0 59.8
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GEOLOGY.

GENERAL RELATIONS.

In southwestern New Mexico there is a thick succession of sedi-
mentary rocks ranging from Cambrian to Recent in age and lying
on pre-Cambrian granite, which appears in some of the hills and
mountains. There are also many kinds of later igneous rocks—
porphyries, latites, andesites, rhyolites, and basalts—some of them
surface flows and others intruded among the sedimentary rocks.
The wide smooth-surfaced valleys known as bolsons are filled with
sand, clay, and gravel, in places overflowed by sheets of relatively
young basaltic lava. The older sedimentary rocks are in wide-
spread sheets, but they are considerably flexed and faulted and
appear in scattered ridges rising out of the bolsons. They comprise
a basal sandstone of Cambrian age, two limestones of the Ordovician,
a thin representative of the Silurian, black shale of the Devonian,
two great limestones representing the Mississippian and Pennsyl-
vanian epochs of the Carboniferous period, a formation of shale and
limestone of unknown equivalence, but tentatively regarded as of
‘possible Triassic age, representatives of the.early and later Creta-
ceous, and thick bodies of sands, clays, and gravels of Quaternary age.
Tertiary time appears to have produced a great succession of igneous
rocks, partly in thick accumulations of agglomerate, tuff, and ash
and thin sheets of various kinds of lavas. Much of this material
underlies the bolsons. Some portions of geologic time are not repre-
sented by known deposits in the region, notably the earlier Cambrian,
Jurassic, and possibly the Triassic, also portions of the Ordovician,
Silurian, Devonian, Carboniferous, and Cretaceous. The Mississip-
pian and Devonian, which are prominent in the northern part of
Luna County and adjoining regions, are absent to the south, but this
is the only important notable local variation in the succession. The
general distribution of the formations is shown on Plate I (in
pocket), and their names, general character, thickness, and classifica-
tion are given in the following table:
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Sedimentary formations in Luna County, N. Mez.

) Thick-
System. Series. Formation. ness Character.
(feet).
Quaternary. Bolson deposits. 1,665+ | Sand, clay, and gravel.
‘Unconformity- c
Fr_agme?talt vollc%nic dmateéials
. in part water-laid, and sand an,
Tortiary. Agglomerate. 2,000+ gravel. Igneous’sheots at in-
tervals.
-Unconformity
Gray shale with impure thin
Upper Cretaceous. [ Colorado shale. 3004 limestone and sandstgno layers.
‘Unconformity .
Massive gray sandstone, in part
Cretaceous. Sarten sandstone. 300 quartzitic. !
Comanche (Lower
Cretaceous). Limestone of Coman- 0-400 Gray limestones, mostly slabby,
che age. and sandy shale.
................ ‘Unconformity-

s Reddish shale, impure limestone
Triassic (?). Lobo formation. 95-500 and conglonierate. 4
................ Unconformity

. Gray limestones, some dark, in
. Gym limestone. 30-1,000 part brecciated; dark shale
Pennsylvanian. member.
-Unconformity
Carboniferous. Magdalena formation. | 0-40 | Shale and slabby limestone.
‘Unconformity
+ ot : Light-gray limestone with shale
Mississippian. Lake Valley limestone.| 0-700 menmbers; chert at top.
Devonian. Upper Devonian. | Percha shale. 175 Black shale.
Silurian. Fusselman limestone. | 100-300 | Massive gray limestone.
Gray limestones with thick chert
Upper Ordovician. | Montoya limestone. 300 gmembers; dark limestone at
. 2se.
Ordovician, Unconformity
Lower Ordovician. | Tl Paso limestone. | 500-800 | Light-gray limestonos, -mostly
Unconformity (?):
Cambrian. Upper Cambrian. | Bliss sandstone. 30-200 S%%%g?ém and sandy shale; gleu. -
Unconformity-
Pre-Cambrian. Granite.
THE ROCKS.

PRE-CAMBRIAN ROCKS.
GENERAL CHARACTER.

The general basement of Luna County consists of pre-Cambrian
crystalline rocks, which appear at the surface in several areas of
small extent. They are overlain unconformably by the sedimentary
rocks, the contact showing an irregularly eroded surface of granite,
which is the prevailing rock in the outcrop areas. Its age is not
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known, except that it is pre-Cambrian. Some portions of the granite

are gneissic, and in places it includes syenitic and porphyrltlc masses

and hornblende dikes of unknown age.
DISTRIBUTION.

The most extensive exposures of granite are in the Florida Moun-
tains, which consist largely of that rock. It appears also in the north
end of Cooks Range, in small areas on the slopes south and north of
Fluorite Ridge, and as a very small outcrop in the midst of the Klon-
dike Hills. The area in the Florida Mountains is nearly 30 square
" miles in extent, and here the rock constitutes peaks and ridges reach-
ing an altitude of 7,000 feet, or 2,500 feet above the adjoining bolson.
This large granite area is terminated on the north by a fault, but
the rock reappears just west of Capitol Dome and extends north-
ward along the foot of the range for a mile to another fault which
carries it far below the surface.

RELATIONS AND AGE.

The granite is Algonklan or Archean in age, but as its relations
to the older rocks are not exposed there are no means of determining
in which system it belongs. It is all of igneous origin and part of
one great mass except, possibly, a small amount of rock of gneissic
and dioritic character which may be projections or inclusions of an
older complex. It is overlain unconformably by the Bliss sandstone,
of Upper Cambrian age, and the contact shows the usual features
of shore deposition without sign of metamorphism in the sandstone
or change of texture in the granite. At several places the granite
adjoins higher sedimentary rocks, but these contacts are faults. On
the slope 2 miles south of Gym Peak the granite is so intricately
. faulted that it appears to include and to penetrate the upper beds
of the Gym limestone, but the limestone is not metamorphosed and
the granite retains its coarse grain up to the contact and shows evi-
dence of crushing; the relations indicate a complex overthrust. In
the Pony Hills the granite is brought into contact with the Sarten
sandstone, probably by faulting, but possibly by overlap.

A dike of amphibolite outcrops in the slopes a short distance south
of Capitol Dome and diorite appears at several places along the west
slope of the Florida Mountains. Both of these rocks appear to be of
pre-Cambrian age. Some small masses of rock of porphyritic char-
acter in the granite areas may be younger intrusives. In the eastern
part of the pre-Cambrian area west of Fluorite Camp there is a mass
of diorite which is penetrated by light-colored granite and finally
gives place to that rock in the slopes farther west. Well-developed
gneiss -occurs in large angular fragments in a coarse breccia which

U,
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lies in the south slopes of this same ridge half a mile northwest of
Fluorite Camp. This breccia lies on the limestones and porphyry
and appears to have been brought up by a local explosion or by the
porphyry intrusion. The principal rock in the small outcrop in the
Klondike Hills is typical gneiss, and part of the rock in the basin
north of Fluorite Ridge is distinctly banded.

PETROGRAPHY.

By Jonn L. RicH.

Most of the granite is a massive, coarse-grained, pale reddish to
light greenish-gray rock weathering into rugged forms of brownish
aspect. Local variations in color and texture are subordinate fea-
tures. It has a uniform mineral constitution, consisting essen-
tially of feldspar, quartz, chlorite, and iron oxides, but in general
the granite of the Florida Mountains contains a larger proportion
of soda feldspars than that farther north. The predominating granite
in the Florida Mountains near Capitol Dome (PL III, B, p. 13) and
to the south is light pink and of medium to coarse tezture It con-
sists almost entirely of microperthite and quartz, the former slightly
in excess. The quartz crystals show strain and are somewhat shat-
tered. The original existence of a small amount of mica is indicated
by characteristic outlines now filled with iron-stained chloritic aggre-
gates. Accessory minerals are magnetite, apatite, and zircon.

.The granite of the Florida Mountains presents, in areas of small
extent, some local variations from the type described above. South
of Capitol Dome, for instance, a gray, rather fine grained, slightly
porphyritic granite differs from the type principally in having a
markedly finer texture and apparently a greater proportion of
quartz. A p1n1\1sh granite occurring south of The Park differs from
the type only in having a higher proportion of quartz. The red color
of this rock, as well as of most of the granite of the Florida Moun-
tains, is due in part to staining by hematite, which, as a product of
the decomposition of the femic minerals, has spread into the cleavage
cracks of the feldspar and into the fracture planes of the quartz .
crystals.

In external appearance the granite from the north end of Cooks
Range closely resembles the massive pinkish rock just described as
typical of the Florida Mountain localities. It differs, however, in
having the albite in the form of separate crystals rather than as
microperthite. It has an even granular texture of medium coarse-
ness with crystals averaging 2 to 5 millimeters in diameter. It is
composed essentially of quartz, microcline; a subordinate amount of
albite, scattered crystals of andesine, and a greenish-brown biotite.
The quartz in some crystals shows incipient granulation. In the
granite of Fluorite Ridge the albite and orthoclase are in separate
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crystals, but otherwise the rock is closely similar to that of the
Florida Mountains. The granite of the Pony Hills, north and north-
west of Fluorite Ridge, is mostly light pinkish to gray and has a
moderately coarse texture.

The granite of the Klondike Hills differs slightly from the others.
Two varieties, both having well-developed gneissic banding, are dis-
tinguished. The first is a biotite granite of strong red color and
coarse texture; the second is distinctly porphyritic, having white
phenocrysts of albite oligoclase lying in a dark medium-grained
matrix of quartz, albite, and green biotite. It contains considerable
epidote. »

Portions of the granite on the slope south of Capitol Dome are
gneissic. At one place a fine-grained light-gray granitic or aplitic
gneiss, composed almost entirely of quartz and feldspar (orthoclase
and albite), with very subordinate ferromagnesian minerals, has
distinct gneissic banding revealed by the stringing out of the few
dark constituents. A typically granitic rock with pronounced
gneissic banding is found in large fragments in the breccia on the
limestone and porphyry on the south slope of Fluorite Ridge. Its
color is gray with a pink to purplish tinge; its texture medium, with
feldspars reaching a maximum length of 3 millimeters. A somewhat
similar gneissic granite of dull-gray color and slightly finer grain
occurs in places in the Pony Hills, north of Fluorite Ridge. A
third notable variety crops out on the lower slopes of the ridge half
a mile southwest of Fluorite Camp, about 500 yards south of the
breccia just mentioned. It is bright red and of medium, even
granular texture, with banding only slightly developed, though the
microscope reveals strong granulation of the quartz. As noted on
a precedmg page, part of the granite of the Klondike Hills is
gneissic.

Although the gneissic granites just described differ somewhat in
color, texture, and the extent of banding and granulation, they are
closely similar in composition and doubtless of the same age.

Part of the grahite at the foot of Fluorite Ridge, southwest of
Fluor mine, has a marked green color and is notably porphyritic.
Phenocrysts of pink orthoclase as much as 2 centimeters in length
by 1 centimeter in width are embedded in a granular matrix of
albite, biotite, and quartz. Granulation of the quartz and a string-
ing out of the mica flakes indicate that the rock has been subjected
to slight dynamic disturbance.

The granitic mass of the Florida Mountains include some light-
gray rocks differing considerably from the normal pink granite.
These outcrop in the slopes west of Arco del Diablo and also in the
pass east of The Park, in the central portion of the Florida Moun-
tains. They are either local developments, intrusions into the ordi-
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nary pinkish granite, or, possibly, irregular dikes of post-Cambrian
age. They are moderately coarse grained, the crystals averaging
about 1 centimeter in diameter. Iresh specimens have a slaty blue to
drab color and weather yellowish brown. They are composed almost
entirely of feldspar and quartz, the quartz always in small amounts
but varying considerably in specimens from different localities. The
feldspars are sodic, anorthoclase and albite predominating. At the
Window Mountain mine, southwest of Arco del Diablo, is a finer-
grained phase which has a higher quartz content and a considerable
proportion of potash feldspar. A closely similar rock is associated
with the gneissic granite just south of Capitol Dome.

The more siliceous types of the rocks cutting or included in the
granite of the Florida Mountains approach sodic granite porphyries
in character, while some of the more basic rocks are related closely
to the typical quartz monzonite porphyries. All are moderately
dark, with a greenish-gray cast. White phenocrysts of feldspar as
much as 15 millimeters in length, mostly albite, lie embedded in a
darker fine-grained groundmass of orthoclase, albite, and oligoclase
in varying, amounts, green hornblende, in part at least derived from
augite, and biotite. In addition to the usual accessory minerals
there is a little pyrite.

Dark, heavy rocks of two or three kinds are found in the granite
at several places in the Florida Mountains and about Fluorite Ridge.
The most numerous are dikes of amphibolite which traverse the
granite south and west of Capitol Dome. These rocks are moder-
ately fine grained and are composed essentially of green hornblende,
together with a small amount of albite and a little quartz.

On the lower slopes half a mile southwest of Fluorite Camp a rock
of similar character is associated with the granite and probably
cut by it. The rock is almost black, with lighter bands of feldspar.
The texture varies in different bands, the crystals of some reach-
ing a diameter of 1 centimeter. Green hornblende predominates,
and the feldspar ranges from oligoclase to andesine. More or less
gneissic banding is developed in most of these rocks.

In the granite at Capitol Dome is a dike or included mass of
porphyritic diorite with phenocrysts of white labradorite as much as
8 millimeters in diameter set in a dense dark-green to black fine-
textured groundmass of diabasic character.

CAMBRIAN SYSTEM.
BLISS SANDSTONE.
DISTRIBUTION AND RELATIONS.
At the base of the Paleozoic succession in Luna County there is%

sandstone that stratigraphically and lithologically so closely re-
sembles the Upper Cambrian Bliss sandstone, of the El Paso region,
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that the name Bliss is here applied to it. Its thickness ranges from
150 to 200 feet in most of the area, but in places it is considerably
less. In the Florida Mountains the formation crops in the lower
slopes west of Capitol Dome, in the cliffs east of The Park, and in the
long slope just north of Gym Peak. In the slope west of Capitol
Dome the sandstone is exposed for a mile, lying on granite. It dis-
appears under the bolson at the south and is cut off by a fault to
the north. The exposures east of The Park are less than a mile in-
length, and their continuity is interrupted by faulting and talus.
In some of the outerops northwest of Gym Peak the sandstone ap-
pears to be absent locally, but possibly in places this apparent absence
is due to faulting. In the long outcrop down to the slope and spurs
north of Gym Peak the sandstone is well exposed, extending north-
ward to the draw, where it is finally cut out by a fault: In Fluorite
Ridge the nearly vertical beds of sandstone lie against the granite
but apparently are separated by a fault of small throw a short dis-
tance west of Fluorite Camp. In the north end of Cooks Range the
Bliss sandstone rises gradually out of the bolson on the west side,
caps the ridge for a short distance, and is cut off by the fault on the
east side. In the Klondike Hills there is a small exposure of the
sandstone separating granite from the El Paso limestone, but ap-
parently it is cut off by a slight fault on the west side of the granite
area. It is thin at this locality and may possibly thin out at one or
two places. ,

The Bliss sandstone consists mainly of gray to brown sandstone,
in part quartzitic, in members 30 to 40 feet thick separated by sandy
shale. In Cooks Range and Fluorite Ridge and near Capitol Dome
the upper beds are slabby sandstone and sandy shale with inter-
calated thin limy beds. Some of the sandy shale contains a large
amount of green glauconite in disseminated grains, a feature char-
acteristic of some of the Cambrian rocks in other regions. The
basal contact is well exposed in the area west of Capitol Dome,
in the Florida Mountains, where coarse sandstone lies on the slightly
uneven eroded surface of the coarse-grained pinkish granite. The
basal beds are arkosic and pebbly, and their material is evidently
derived from the granite. Similar conditions are exposed east of
The Park and north of Gym Peak. At its top the sandstone gives
place abruptly to the El Paso limestone without discernible evidence
of erosional unconformity to represent the time interval which is
believed to exist between the two formations.

AGE AND CORRELATION.

* No fossils were found in the formation in Luna County, but the
Bliss sandstone, which has the same character and the same relative
position in the type locality in Franklin Mountains, near El Paso,
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Tex., contains a few Upper Cambrian fossils. Its character and
relations also indicate that it is the same as the “ Shandon” sand-
stone of central New Mexico and the basal sandstone of the Silver
City region.
ORDOVICIAN SYSTEM.
CLASSIFICATION,

In Luna County the Ordovician system: comprises an extensive
succession of limestones ranging in age from Beekmantown (early
Ordovician) to Richmond. Portions of Ordovician time, however,
apparently are not represented by deposits, so that there are uncon-
formities between the formations. On the basis of lithology, fossils,
and stratigraphic position the lowest limestone series has been cor-
related with the El Paso limestone of the El Paso quadrangle and the
upper series has been correlated with the Montoya limestone of that
quadrangle. In Fluorite Ridge and the Florida Mountains it is
difficult to separate the upper beds of the Montoya from the Fussel-
man limestone, which is of Silurian age. Therefore these two lime-
stones are mapped together on Plate I.

EL PASO LIMESTONE.

' DISTRIBUTION AND CHARACTER.

The El Paso limestone appears at the surface at several widely
separated localities in Luna County. It is conspicuous in the north-
ern part of Cooks Range, in several areas in the Florida Mountains,
in the east end of Fluorite Ridge, in the Snake Hills, and in the
Klondike Hills.

It consists mainly of gray, slabby limestone and dolomitic lime-
stone from 500 to 800 feet thick. This limestone begins at the top
~of the Bliss sandstone and terminates abruptly at the base of the

Montoya limestone without notable discordance of dip. Portions
of the El Paso limestone are slightly cherty, and some beds contain
considerable sand or clay, but these are minor features. Pale-

reddish elongated blotches on the bedding planes are characteristic
of most beds, and the slabby bedding and light tint are also dis-
tinctive of the formation. Several of the exposures in the Florida
Mountains exhibit all the beds of the formation, but in Fluorite
Ridge some portions appear to be crushed out or faulted down.
Small outcrops of the upper part of the formation appear at the
“west end of the two ridges west of The Park. The section west of
Capitol Dome is complete with the Bliss sandstone below and the
Montoya limestone above the El Paso, the formation having a thick-
ness of about 800 feet and cropping out along the slope for about a
mile. This area is terminated at the north by a cross fault that
brings down agglomerate and at the south by a fault that brings up
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the granite. The rocks are mostly the typical light-gray, slabby
limestone in beds 2 to 6 inches thick, in part dolomitic and containing
a small amount of chert, but the basal beds for about 140 feet are
more massive and darker than at other places. The exposures east of
The Park on the summit and western slope of the Florida Moun-
tains show about 700 feet of beds lying on the Bliss sandstone and
capped by the Montoya limestone or Gym limestone. To the south
these beds are cut off by granite brought up by the great cross fault,
and other smaller faults break the continuity of the exposures. The
rocks here are similar to those at Capitol Dome, but the dark basal
bed is absent. The formation is exposed extensively in the northern
slope of Gym Peak ridge and in the outlying ridges on the north,
underlying the Montoya limestone and cut off by several faults. Here
its thickness appears to be fully 800 feet, and possibly more, notably
in one long section of nearly vertical beds on the north side of the
draw, slightly more than a mile northwest of the peak. A small mass
is faulted against the granite just north of the road half a mile east
of Byer Spring. In the slopes a mile southeast of that spring the
formation includes a thick mass of chalcedony, apparently due to
local replacement of some of the limestone, and other similar masses
crop out along a fissure in the slopes east of The Park.

The El Paso limestone constitutes the central and eastern por-
tions of the ridge of rounded knobs known as the Snake Hills, south-
west of Deming. (See fig. 11, p. 88.) The strata here dip at low
angles, and the total thickness of beds exhibited is not more than
700 feet. The lowest beds exposed at the east end of the ridge are
made up of typical slabby light-gray limestone. These are overlain
abruptly by the dark-colored massive limestone at the base of the
Montoya. .

The El Paso limestone crops out for nearly a mile in the high
knob just west of Fluorite Camp, but the beds here are nearly ver-
tical and the outcrop zone is very narrow. The Bliss sandstone is
in contact with the limestone on the south and the Montoya limestone
on the north, and the intervening ledges of El Paso limestone meas-
ure only 400 feet in thickness at the east end of the ridge and some-
what less at the west end. This small thickness is probably due to
faulting and crushing along a plane or planes parallel to the obvious
fault between the Bliss sandstone and the pre-Cambrian granite.

The outcrop of the El Paso limestone near the north end of Cooks
Range is on the summit and the western slopes, where the beds
appear in regular order between the Bliss sandstone and Montoya
limestone in a succession, dipping gently to the south-southeast. The
thickness is about 600 feet, and the rocks have the characteristics
which they present in other localities.
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The El Paso.limestone constitutes a large part of the Klondike
Hills, where it lies on the Bliss sandstone and is overlain by sand-
stone at the base of the Montoya limestone. Its thickness here is
about 650 feet, and the beds present the characteristic light-gray
color, slabby beddmg, and pale-reddish markings on many of the
bedding planes.

FOSSILS AND CORRELATION.

Fossils are scarce in the El1 Paso limestone, but those collected just
west of Capitol Dome, in Fluorite Ridge, near Gym Peak, in the
ridges east and west of The Park, in the Snake Hills, and in the
Klondike Hills suffice to indicate its approximate age. These fossils
were examined by E. O. Ulrich and Edwin Kirk, who found that most
of them are a species of Ophllet‘b, of Beekmfmntown or early Ordo-
vician age.

. Fossils found in the upper beds in the center of the Snake Hills
were identified by Mr. Kirk as Dalmanella cf. D. pogonipensis
H. and W. and Hormotoma sp. On the west slope of the Gym
Peak were found, also in the upper beds, Strophomena near &.
nemea H. and W., Hormotoma sp., and Trochonema sp. The
brachiopods are close to forms described from the upper part of
the Pogonip limestone of the Eureka and White Pine districts in
Nevada and indicate late Beekmantown or possibly early Chazyan
age. On the evidence of fossils, close similarity in rocks, and strati-
graphic relations there is no difficulty in correlating the formation
with the El Paso limestone of the type locality in the Franklin
Mountains near El Paso, Tex. It also represents the greater part
of what Gordon has called the Mimbres limestone of the region
north of Luna County, but Gordon’s Mimbres includes also the
Fusselman and Montoya limestones.

MONTOYA LIMESTONE.

OCCURRENCE.

The Montoya limestone crops in the northern part of Cooks Range,
in the northern and central parts of the Florida Mountains, in the
Victorio Mountains, in the Klondike Hills, and in the Snake Hills.
In all these areas the rocks are light-gray slabby limestone with
highly fossiliferous layers, a large amount of chert, and at the
bottom a dark-colored massive limestone or sandstone. The chert
is a characteristic feature and gives considerable prominence to'the
outcrops. It occurs mostly in thin beds alternating with layers of
limestone, and the greater part of it is in two thick members, with
purer limestones above and below. The thickness of the formation
varies somewhat, but the average amount is near 300 feet. As the
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upper limit of the formation is not distinct in part of the area and
the outcrop zones are narrow, the Montoya and Fusselman lime-
stones are not separated on the geologic map (PL I, in pocket).

The largest area in the Florida Mountains are the three masses
extending nearly across the range at The Park and Gym Peak,
where the outcrop zone is repeatedly brought up by the faults. There
the Montoya limestone lies on the El Paso limestone, but some of the
faults bring it into contact with granite and other formations, and at
several places the Gym limestone lies directly on its eroded surface.
Elsewhere it is overlain by the Fusselman limestone, but the plane
between the two formations is difficult to discern. On the west side
. of the summit the Montoya limestone crops out in irregular cliffs
facing west, and a long exposure crosses the ridge just north of
Gym Peak. Other outcrops appear in ridges west of The Park,
and there is an outlier along the fault a mile southeast of Byer
Spring. In this region, as elsewhere, cherty ledges are conspicuous
features at two horizons, and the massive dark limestone occurs at the
base.

The small mass of Montoya limestone in the slope west of Capitol
Dome is overlapped unconformably by the Lobo formation to the
east, north, and south. Here 145 feet of the formation was meas-
ured, comprising a 40-foot cherty member at the top, 30 feet of dark
sandy limestone and 25 feet of cherty limestone in the middle, and
50 feet of dark massive limestone at the base..

The Montoya limestone constitutes part of the limestone ridge
" extending north from Cooks Peak. It rigses from beneath the bolson
at a point about a mile north of the main road forks, west of the
mountain, and reaches the summit some distance farther north, where
it is cut off by the great fault. The thickness of the beds at this
place is about 250 feet, and the limits of the formation are well
defined, as the overlying Fusselman limestone is distinctive in ap-
pearance. The top member consists of 60 feet of light-colored slabby
limestones with 6 feet of very fossiliferous beds at the base. This is
underlain by 150 feet of limestones with numerous thick and thin
cherty layers, followed by a basal member 40 feet thick of dark-gray
massive limy sandstone lying on El Paso beds.

The formation is extensively exposed in the high knob and ridge
of the western half of the Snake Hills, beginning a short distance
west of the main road. At the base is the usual dark-colored mas-
sive limestone. This is overlain by very cherty limestone with al-
ternating layers of purer limestone. Next comes 80 feet of massive
dark-gray sandy limestone giving rise to low cliffs and grading up
into a purer, partly massive limestone which weathers to a dirty
olive tint; then a 60-foot member of alternating layers of chert and
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limestone, with fossils; and at the top, capping the highest butte on
the ridge, a thick mass of very cherty rock. The thickness of beds
classed as Montoya is 300 feet, and they extend to the bolson on either
side and to the west without 1ndlcat10n of the Fusselman limestone.

The formation is prominent in the hill west of Fluorite Camp on
account of its conspicuous thick cherty layers. The beds dip steeply
to the north, and are cut off by a fault to the east. (See fig. 10, p. 86.)
At the base is a dark-colored massive limestone, as at other places.
This is followed by cherty limestone, with the chert mostly in thin
‘layers. Next above are finer slabby gray limestones with many fos- .
sils, and still higher is a thick body of highly cherty limestone. At
the top is 50 feet of massive limestone of unknown age, possibly Fus-
selman, extending to or from a small fault which cuts the section in
this vicinity and drops the Percha shale and associated beds for
some distance. A short distance to the southeast there are several
small but prominent ridges consisting of thick bodies of massive
chert 1pparently replacing a limestone, presumably the Montoya,
but as it is nearly surrounded by porphyry and dlsplaced by faults
its relations could not be ascertained.

The high buttes and east end of the Klondike Hills consist of the
Montoya limestone. (See fig. 14, p. 92.) The beds dip east at a low
angle and the outcrops are repeated by one or more cross faults.
The basal member is dark-gray sandstone 6 to 8 feet thick lying on
a slightly irregular surface of the El Paso limestone. It is followed
by 30 to 40 feet of dark massive sandy limestone, as in other areas,
and this gives place abruptly to the typical cherty beds of the Mon-
toya limestone. There are two or possibly three cherty members,
mostly alternations of thin beds of chert and pure olive-gray lime-
stones with intervening layers of slabby gray limestone containing
abundant fossils. . )

In the Victorio Mountains the Montoya limestone constitutes the
north, east, and west slopes of Mine Hill, and the outcrop extends
northwestward along the lower southern slopes of the range, as
shown in figure 9 (p. 84). The strata in Mine Hill dip to the south at
low angles, and about 300 feet of beds are exposed, but in the slopes
on the west they dip to the north and are overlapped by or faulted
against the Gym limestone. The basal beds are covered by bolson
deposits in the gap north of Mine Hill, and the beds exposed in this
hill are mostly dark-gray limestone with thick chert layers and in-
tercalated light-colored beds containing many fossils of the Rich-
mond fauna.

It is difficult to separate the Montoya from the overlying Fussel-
man on Mine Hill, and apparently the Fusselman is absent in the
ridges to the west.
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FOSSILS AND CORRELATION.

The Montoya limestone contains numerous fossils in considerable
variety and in excellent state of preservation. The following species
have been identified by E. O. Ulrich in material collected northwest
of Cooks Peak, near Gym Peak, in Fluorite Ridge, in the Klondike
Hills, and in slopes a mile northwest of the Victorio mining camp:
Eurydictya cf. E. montifera; Dinorthis subquadrata, Plectorthis
whitfieldi, Hebertella occidentalis, Dalmanella cf. D. meeki, Dal-
manella near D. jugosa, Platystrophia acutilirate var., Strophomena
cf. 8. subtenta, Rafinesquina loworhytis W. and S., Leptena unicos-

tata, Plectambonites sawea, Rhynchonella anticostiensis (argen-

turbica White), Rhynchotrema capax, Zygospira recurvirostris, Cyr-
todonta sp., Vanuxemia sp., and Bumastus sp.

In beds between the two cherty members on the limestone knob
west of Fluorite Camp were obtained Strophomena cf. 8. subtenta
Conrad, Platystrophia cf. P. acutilira Conrad var., Rhynchotrema
perlamellosa Whitfield, and Streptelasma rusticium Billings. These

fossils: are characteristic of the Richmond fauna, which occurs in’

various portions of the Rocky Mountain region. No fossils were
collected from the basal dark massive bed.

The paleontologic and lithologic evidence is ample for correlating
the beds in Luna County, here designated Montoya limestone, with
the Montoyo limestone in the type locality in the Franklin Mountain
reglon south of El Paso, Tex.

SILURIAN SYSTEM.

FUSSELMAN LIMESTONE.

DISTRIBUTION AND CHARACTER.

The Fusselman limestone crops out at several localities in Luna
County. One of the most notable exposures, on account of its
fossils, is on the south slope of Mine Hill, at Victorio mining camp,
and the formation is a conspicuous feature in the series of limestones
in the ridge at the north end of Cooks Range. It overlies the Mon-
toya limestone in most of the Gym Peak area and in the ridge north-
west of Fluorite Camp, but it is much less characteristic at these
places. In Cooks Range the typical rock is massive limestone of

gray color and exceptionally hard, compact texture, about 200 feet
thick, and it is the source of most of the lead, silver, and zinc ores. .

There it is overlain by the Percha shale. The thickness at Victorio
and other places is difficult to determine because of lack of dis-
tinctive features defining the limits of the formation. It constitutes
the south slope of Mine Hill. Near Gym Peak and The Park the
dark slabby limestone above the Montoya yielded a few fragments of
corals believed to be of Silurian age, but the rocks do not closely

t—
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resemble the Fusselman limestone of other areas. Moreover, the
Percha shale is absent, so there is great difficulty in separating the
Fusselman from the Gym limestone, which lies unconformably on
the older limestones in this area. The conditions are somewhat
similar west of Fluorite Camp, for although the Percha shale is
.present the succession is cut by a fault of undetermined amount
which lifts the supposed Fusselman into contact with the Lake

Valley limestone.
FOSSILS AND CORRELATION.

In the Cooks Peak district and near Silver City the Fusselman
limestone contains large numbers of a distinctive Pentamerus, and
in the south side of Mine Hill, in the Victorio Mountains, it carries
corals as follows: Heliolites megastoma, Heliolites? sp. (very small
corallites like Lyella puella Davis), Favosites cf. F. venustus, Favo-
sites sp. (closely septate, cells larger than in F. wenustus), Cyatho-
phyllum cf. C. radicula, Heliophyllum sp., Halysites catenulatus
(large and small varieties), and Syringopora sp. This is also an
orthoid suggesting Rhipidomella hybrida. These were determined
by E. O. Ulrich, who states that they represent a Silurian zone
hitherto practically unrecognized in the Southwest. It probably cor-
responds to the late Niagaran of the Mississippi Valley and is
slightly younger than the dolomitic Silurian containing Pentamerus
in Cooks Range. Mr. Ulrich says: “ The only other occurrence of a
similar coral fauna in the far West known to me is that described
by Dr. Kindle, who found it in southeastern Utah.” On the basis of
lithology, stratigraphic position, and fossils, these rocks in Luna
County are correlated with the Fusselman limestone of the type
locality in the Franklin Mountains, near El Paso, Tex.

DEVONIAN SYSTEM.

PERCHA SHALE,

A mass of black fissile shale lying between the Fusselman limestone
and the Lake Valley limestone in Cooks Range lithologically re-
sembles and is believed to represent the Percha shale, of which the
type locality is in the Lake Valley mining district, not far north.
No fossils were found, but the character of the material and its
stratigraphic relations make the correlation reasonable. A small
mass of similar shale a short distance north of Fluorite Camp is
also believed to be the Percha shale. In Cooks Range the thickness
is about 175 feet and the rock is a uniform black shale of moderate
hardness separating into thin, brittle layers. It crops out extensively
along the limestone slopes on both sides of the range northwest of
Cooks post office, and there are two smaller exposures 2 miles east
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and 3 miles southeast of Cooks Peak. The southern of these ex-
- posures lies between porphyry and the overlying Lake Valley lime-
stone. The shale is conspicuous along the road up the mountain at
Cooks post office, where it overlies the ore-bearing Fusselman lime-
stone. Its outcrop extends through the gap over which this road
passes and far down the hollow on the west slope of the range. It
appears again between the Fusselman and Lake Valley limestones
north of the road on the west side of the ridge, and its outcrop ex-
tends up the slope to the northeast and, passing over the summit, is
finally cut off by the great fault on the east slope. (See fig. 3, p. 70.)

In Fluorite Ridge there are two small exposures a short distance
northeast of Fluorite Camp, but they extend only a short distance
and are terminated by faults and porphyry. Here the shale lies in
. regular order under the Lake Valley limestone, but is separated from
the Fusselman and Montoya limestones by faults. The Percha shale
appears to be absent in the Florida and Victorio mountains.” Some
black shale cropping out a mile south of Gym Peak closely resembles
it in appearance, but seems to be included in a regular succession of
beds of the Gym limestone; possibly, however, it is cut off by over-
lap or faulting. Some dark shale overlies the Lake Valley limestone
11 miles southwest of Cooks post office, but it contains numerous
Pennsylvanian fossils. -

- CARBONIFEROUS SYSTEM.
' CLASSIFICATION. .

_ In Luna County the Carboniferous system is represented by por-

- tions of the Pennsylvanian and Mississippian series, apparently
separated by a hiatus of considerable amount, and it is probable that
in each series there is not a complete sequence of the sediments which
appear in other regions. There is also an overlap of the higher lime-
stone toward the south, for in the Florida and Victorio mountains
the later Carboniferous rocks lie directly on the Ordovician lime-
stones, and the Mississippian and the earlier Pennsylvanian, or
Magdalena, appear to be absent. The later Pennsylvanian or Man-
zano group is represented by a thick limestone formation, and a still
younger formation, here separated as the Lobo and tentatively as-
signed to the Triassic (?), may possibly represent the upper part
of the Manzano.

LAKE VALLEY LIMESTONE,
DISTRIBUTION AND CHARACTER.,

The Lake Valley limestone consists of rocks that are mostly of
light-gray color and have massive to slabby bedding. Some limy
shales are included between the more massive bodies of limestone,
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and at two localities dark shale members reach a thickness of nearly
100 feet. The thickness in the Cooks Range is between 600 and 700
feet, but the formation thins to the south and is absent in the Florida
and Victorio mountains. '

The most extensive exposures of the Lake Valley limestone in Luna
County are in Cooks Range, where they constitute high ridges with
prominent cliffs, nearly encircling the Cooks Peak igneous masses.
Here the formation consists largely of gray limestone of light color
and slabby bedding, lying on the Percha shale, except locally, where
there has been intrusion of porphyry.

Most exposures in this region show a succession of massive cliffs
of limestone 80 to 100 feet high separated by slopes of softer limy
shale. The basal member consists of 150 feet of bluish-gray lime-
stone with some chert in its lower portion. Next above is 50 feet
of shale with layers of limestone, mostly very fossiliferous. The
limestone constitutes the crest of the mountain west of Cooks: post
office and extends for some distance northward. In some places it is
overlain by the Lobo formation, and in others it is cut off by faults
or porphyry intrusions. It is extensively exposed in the deep can-
yons 2 miles south of Cooks Peak, where the Percha shale is overlain
by 450 feet of limestone in three massive cliffs separated by steep
slopes of limy shale. The upper cliff marks the outcrop of a body
of hard limestone about 100 feet thick, which is overlain by the beds
indicated in the following section: :

Section of u};»per members of Lake Valley limestone, Gym limestone, and Lobo
formation in Cooks Range just north of latitude 32° 80’ N.

Lobo formation: Feet.
Conglomerate with limestone matrix 30
Shale, red 50
Conglomerate - - 10

Gym limestone:

Limestone, nodule-bearing_ 5
Limestone, blve . ____________ 20
Conglomerate, some red jasper_______________________ 5
Lake Valley limestone:
Limestone, cherty . _________________ _________ 3
Limestone, gray (Mississippian fossils) _______________ 3
Conglomerate or breccia of white chert________________ 10
White chert with crinoid stems - 20

" The white chert lies on the massive limestone above mentioned
‘and is a conspicuous bed in the ridges about Cooks Peak. The
nodule-bearing limestone, blue limestone, and jasper-bearing con-
glomerate represent the Gym limestone, for the upper beds yield
distinctive Manzano fossils on the west slope of the range. On the
slopes southwest of Cooks Peak the cherty member is overlain by

97890°—Bull. 618—16——3
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black to gray shale with thin impure limestone layers that yielded
Magdalena fossils in considerable abundance, indicating that this
formation locally overlies the Lake Valley limestone.

In the southwest end of Fluorite Ridge, half a mile northeast of
Fluorite Camp, the Percha shale is overlain by a small thickness of
limestone containing Mississippian fossils. Some of the relations
at this place are shown in the section given in figure 10 (p. 86).
The beds are cut off within a short distance by faults and intrusive
porphyry. It has been stated that the limestone at the zinc mine
at the north end of the Tres Hermanas Mountains is of Mississippian
age, but as the fossils noted there are not distinctive of that epoch
of geologic time it is believed more probable that the beds belong
to the Gym limestone.

FOSSILS AND CORRELATION.

The Lake Valley limestone contains large numbers of fossils in
some places, notably in the exposures south, east, and north of
Cooks Peak. A collection made in the cliffs 4 miles northwest of
Fort Cummings was determined by G. H. Girty as follows: Endo-
thyra? sp., Leptena rhomboidalis, Productus semireticulatus, P.
levicosta?, Productus aff. P. burlingtonensis, Schuchertella sp., Para-
parchites sp., and Bairdia sp. From exposures on the northward
slope of Cooks Peak were collected Triplophyllum sp., Fenestella
sp., Schuchertella chemungensis, Productus levicosta, Spirifer sub-
orbicularis?, S. centronatus, Composita hwmilis, Rhombopora sp.,
Cystodictya aff. C. pustulosa, and Cladochonus sp. Some of these
forms were also collected at other points along the Cooks Peak road
and the slopes on the north. These fossils indicate that the lime-
stone belongs to the Mississippian series of ‘the Carboniferous.

Near the top of the mountain 1} miles northwest of Cooks post
-office were obtained Menophyllum sp., Fenestella sp., RAipidomella
pulchella?, Productus aff. P. wortheni, Spirifer centronatus, and
Paraparchites sp., all Mississippian forms. In limestones overlying
the Percha shale, half a mile west by south of Fluorite Camp, were
found Spirifer centronatus, Leptwna rhomboidalis, Pinnatopora sp.,
and several species of Fenestella.

MAGDALENA FORMATION.

CHARACTER AND OCCURRENCE.

High in the slopes on the northwest side of Cooks Peak some dark
shale intervenes between the nodular limestone of the Gym limestone
and the white chert at the top of the Lake Valley limestone. This
shale is not more than 40 feet thick and it appears not to be of great
extent, for erosion has removed most of the sedimentary rocks in the
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vicinity. It is of dark-gray color, but contains layers of limy shale

“and thin limestone, and in this respect differs from the Percha shale
and the shale members in the Lake Valley limestone. Possibly it
occurs in other portions of the area, but in exposures south and west
of the peak chert and fossiliferous beds of the Gym limestone lie
directly on top of the Lake Valley limestone.

FOSSILS AND CORRELATION.

This shale contains abundant fossils, which were determined as
follows by G. H. Girty : Rhombopora sp., Lingulidiscina sp., Derbya
crassa, Chonetes mesolobus,” Productus semireticulatus, Pustula
nebraskensis 2, M arginifera muricats, Pugnax sp., Spirifer cameyatus,
8. rockymontanus, Ambocwlia planiconvexa, Aviculipecten, 2 sp.,
Acanthopecten carboniferus, Lima retifera, Astartella vera, Ed-
mondia subtruncata, Phillipsia aff. P. scitule. This fauna is regarded
by Mr. Girty as early Pennsylvanian and as belonging to the
Magdalena group.

GYM LIMESTONE.

DISTRIBUTION, NAME, AND RELATIONS.

In the central and southeastern portions of the Florida Moun-
tains and the central portion of the Victorio Mountains and extend-
ing part way around the north end of the Tres Hermanas Mountains
there is a thick series of limestones to which it is proposed to apply
the name Gym limestone, from Gym Peak, where the formation is
extensively exhibited. The formation constitutes the summits of the
high ridges at and northwest of Gym Peak and the two ridges west
of The Park, and it extends down and along the east slope of the
mountain east of Gym Peak. In this vicinity the formation is in
several large detached masses capping fault blocks and cut off to the
southeast by the great fault which uplifts the granite in the southern
part of the mountain. -Several small outlying masses are intricately
faulted into the granite in the lower slopes 2 miles south of Gym
Peak. The thickness of the formation is near 1,000 feet. It lies on
~ an unevenly eroded surface of the Montoya limestone and in places
on the top member of the Il Paso limestone. In the Victorio Moun-
tains it lies on or is faulted against the Montoya limestone, and in the
Tres Hermanas Mountains it is uplifted and cut by the granite
porphyry.

Overlying formations are not exposed in the Florida and Tres Her-
manas Mountains but in the Victorio Mountains the Gym limestone
is overlain by supposed agglomerate. The formation appears not
to crop out in Fluorite Ridge, but a thin representative underlies the
Lobo formation in Sarten Ridge and along the flanks of Cooks Range.
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CHARACTER AND LOCAL FEATURES.

The formation consists chiefly of limestone, in greater part mas-
sively bedded, of light-gray color and showing a brecciated structure
in many beds. In Gym Peak and vicinity the lower member is
dark and the one next above it is much lighter in color, with an abrupt
change from one to the other, and the thickness remaining in this
area and west of the peak is at least 700 feet. In the canyon 1 mile
southeast of Gym Peak limestone apparently in the middle of the
formation dips steeply southeastward under 80 feet of dark-gray
fissile shale which is traceable for about half a mile and again ap-
pears along the great fault on the trail a short distance west of Gym
Peake This black shale is overlain on the east by cherty limestone
containing abundant Manzano fossils and this limestone is finally
cut off by the great fault which crosses the mountain. To the east
the Gym limestone of this area passes beneath the bolson deposits.
~ In the outlier 2 miles south of Gym Peak the rock is a light-colored
massive limestone weathering dark gray and containing many fossils.
In the mass lying farther southwest the limestone lies in part on the
coarse granite and in part on gray quartzitic sandstone about 12
feet thick, the sedimentary rocks apparently overthrust onto the gran-
ite. A few rods east and northeast of this outlier are several large
irregular masses of the limestone, upon and into which the granite
has been faulted with relations described on pages 73-75.

At the north end of the great mass of porphyry of the Tres Herma-
nas Mountains there are two extensive outcrops of the Gym lime-
stone, separated by the large draw draining the north slope, and
another area constitutes the westernmost ridge of the range. About
the old zinc mines the limestones constitute a low ridge, in which the
beds dip to the north and northeast at low angles. Along the por-
phyry contact the limestone is metamorphosed to marble and the
more impure portions to hornfels. Two miles farther east the lime-
stone appears again, flanking the porphyry for a mile or more and
constituting a ridge of considerable prominence, which is a spur of
the highest peak of the range. Here the beds dip to the northeast
and north, and the limestone passes under gray quartzite, which is
the highest member exposed. Marble appears at the por phyry con-
tact, and several masses of this altered rock are included in the
porphyry The limestone extends for several miles along the eastern
slope of the high peaks of these mountains, in some places in contact
with porphyry and in others cut by rhyolite and keratophyre. It
dips mostly to the east and southeast at low angles and 500 to 600
feet of beds are exposed, some of them very fossiliferous. Here also
the limestone at the porphyry contact is largely metamorphosed to
coarsely crystalline white marble, and some of it is included in the
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igneous body, notably one very large mass on the east slope of the
southernmost of the three high peaks constituting the high northern
ridge. The limestone in the westernmost ridge of the Tres Hermanas
Mountains, west of the Hancock mine, overlies gray to red quartzite,
- of which 50 to 60 feet is exposed. The strata all dip to the west and
over 400 feet of limestone is visible, some of which yields distinctive
fossils. The quartzite appears to be the same as that overlying the
limestone on the north side of the mountains, 23 miles east of the
zinc mines. Its relations on the east are hidden by igneous rock. .

In the Victorio Mountains the Gym limestone constitutes the higher
parts of the three limestone peaks south of Victorio Peak and ex-
tending for about a mile along a northwesterly course. It appears to
lie on the Montoya limestone, but some IFFusselman limestone may
intervene. The lower beds are dark-gray limestone, partly brecciated,
and the upper beds comprise slabby gray limestones. _

The two small limestone knolls rising out of the bolson halfway
between Tomerlin and the Tres Hermanas Mountains yielded Penn-
sylvanian fossils and are supposed to be Gym limestone continuous
underground with the western ridge of the Tres Hermanas area,
which strikes toward them.

The prominent limestone ridges 10 miles northeast of Arena, in
T.27S., R. 5 W, present a series of beds dipping 15°-20° WSW. and
exposing fully 400 feet of strata. The only fossil obtained here was a
pelecypod resembling Schizodus and probably of Pennsylvanian age.

The Gym limestone in Sarten Ridge and Cooks Range appears as
the beds rise from the great fault 4 miles northwest of Fort Cum-
mings and extends across the range in the high northward-facing
ridge 2 miles south of the peak. It is cut out by porphyry southwest
of the peak, but comes in again northeast of the 55 ranch and is also
exposed under the sandstone knobs te the north and east. It under-
lies a wide area of the cuesta east of Cooks post office and crops out in
the cliffs on the north and northeast sides of this cuesta. In all this
area it lies between the cherty limestone supposed to mark the top of
the Lake Valley limestone and locally the black shale of the Magda-
lena formation and a 10-foot bed of conglomerate underlying red
shale of the Lobo formation. .Its total thickness here is only 25 to 30
feet, comprising 5 feet of nodular limestone at the top, 20 feet of
blue limestone, and a 5-foot bed of conglomerate with some red
jasper, which probably marks the base of the formation. The lime-
stone contains abundant Manzano fossils at various places, notably in
a gulch half a mile northeast of the 55 ranch. Possibly a small
amount of the top of these beds appears in the Goat Ridge uplift
and in the draw just north of the sandstone quarry a mile south of
Fryingpan Spring. A small displaced wedge of the limestone is
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exposed along the fault a few rods northeast of this quarry, lying
on conglomerate a few yards east of the road.

FOSSILS AND CORRELATION.

Fossils were found in various parts of the Gym limestone, and

while most of them are stated by G. H. Girty to be distinctive of the
Manzano group of the Pennsylvanian series they do not afford a suf-
ficiently ‘definite basis for correlation with any formation of that
group in central New Mexico, nor do they indicate how much of the
group is represented. Some of the gastropods strongly suggest the
Hueco fauna. -

In the small mass of limestone faulted into the granite on the south
side of the Florida Mountains, 2 miles south of Gym Peak, were ob-
tained Fusulinella sp., Productus semireticulatus, Pugnax utah, Com-
posita subtilita, Astartella? sp., Bellerophon aff. B. crassus, Pleuro-
tomaria sp., Euvomphalus aff. Z. pernodosus, Meekospira sp., and
Orthonema sp., determined by G, H. Girty. -

Fossils were obtained near the base of the formation west of Gym
Peak, from beds above the black shale member southeast of Gym
Peak, in the Victorio Mountains, from the nodular limestone east of
the 55 -ranch, from the beds east of the middle part of the Tres Her-
manas Mountains, from the limestone ridge on the west side of the
Tres Hermanas Mountains, and from the outliers east of Tomerlin.
The following species from the beds over the black shale southeast
of Gym Peak were determined by G. H. Girty: Chonetes platyno-
tus?, Marginifera splendens?, Echinocrinus ornatus, Bellerophon

crassus, and Phymatifer n. sp. Phymatifer n. sp. was also found in .

the area east of Tomerlin.

From slightly higher beds a short distance farther southeast of
Gym Peak the following were collected : Fusulinella sp., sponge and
sponge spicules, Echinocrinus ornatus, Productus aff. P. semireticu-
latus, Amboceelia? sp., Composita sp., Parallelodon politus?, Astar-
tella sp., Plagioglypta canna?, Bellerophon crassus var. wewokanus?,
Bucanopsis modesta, Pleurotomaria tewana, Pleurotomaria 3 sp.,
Murchisonia 4 sp., Discohelix? n. sp., Zhynchomphalus obtusispira,
Spheerodoma aff. S. Aumilis, Spherodoma aff. S. primigenia, Cyclo-
nema sp., Glyptobasis? sp., Orthonema socorroense?, Orthonema sp.,
Pseudomelania? 4 sp., Zygopleura n. sp., Loxonema? 2 sp., and Buli-
morphae inornata.

Echinocrinus ornatus was also collected from the Gym limestone
near the Mahoney mine.

In a bed near the middle of the Gym limestone half a mile south of
Victorio Peak the following species were obtained: Solenomya? sp.,
Nucula levatiformis, Nucula levatiformis var. obliqua, Manzanella

sy
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elliptica, Edmondia sp., M onopteria marian?, Myalina sp., Schizodus
sp.,. Pleurophorus sp., Astartella n. sp., Plagioglypta canna?, Murchi-
sonia n. sp., Euomphalus? sp., Cyclonema? sp., and Spherodoma?
aff. 8. fusiformis. In a bed somewhat lower in the formation exposed
in the same draw were collected Manzanella elliptica, Astartella n. sp.,
Schizodus sp., Murchisonia n. sp., Naticopsis sp., and a number of
undeterminable pelecypods.

In the extensive series exposed at the foot of the middle peak of the
Tres Hermanas Mountains were collected M eekella mexicana?, Pro-
ductus cora, Composita mexicana?, Pinna peracuta, Bellerophon
majusculus?, and Euomphalus sp. In the beds on the ridge west of
the Hancock mine, on the west side of the Tres Hermanas Mountains,
were obtained Productus occidentalis, Productus sp., and Squamu-
laria perplexa. These were all determined by G. H. Girty, who calls
attention to the fact that the Productus occidentalis is a form char-
acteristic of the limestone capping Sacramento Mountain at Cloud-
croft, a bed which is very high in the Carboniferous.

The upper nodular limestones of the formation in slopes east of
the 55 ranch southwest of Cooks Peak yielded Productus sp., Com-
posita subtilita, and Euomphalus sp.

TRIASSIC (?) SYSTEM.
'LO0BO FORMATION,
RELATIONS AND NAME.

The shales, conglomerates, and impure limestones, herein designated
the Lobo formation, lie unconformably on the Gym and older lime-
stones and are unconformably overlain by the Sarten sandstone of
the Comanche series in the Cooks Range region and by agglomerate
in the Florida Mountains. They are called the Lobo formation from
Lobo Draw, on the east slope of the Florida Mountains, where the
* rocks are extensively exposed. The thickness of the formation at that
place is about 350 feet.

DISTRIBUTION.

The outcrop of the Lobo formation extends for about 5 miles in
the higher slopes of the northern third of the Florida Mountains,
which it crosses on a general northwesterly course. It lies on the
Montoya and El Paso limestones to the north, but at Capitol Dome
it overlaps granite uplifted by a pre-Lobo fault. From that place
as far as it is exposed to the southeast it lies directly on a planation
surface of granite. It is overlain by the agglomerate throughout
this mountain range, and, while there is an apparent erosional un-
conformity at the contact there is no great discordance in dip.
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Apparently, the same formation appears again in the northeast face
of the high ridge of Sarten sandstone in Cooks Range and in small
outcrops on Goat Ridge and Fluorite Ridge. A small exposure is
revealed in the deep hollow near the south end of Sarten Ridge,
just north of the sandstone quarry. A closely similar formation lies
between the andesite and the Gym limestone on the south side of the
main high ridge of the Victorio Mountains, but as it includes con-
glomerates containing andesites and other eruptive rocks believed to

be younger than Lobo, the deposﬂ; is regarded as part of the great
agglomerate series.

CHARACTER AND THICKNESS.

The Lobo formation consists largely of reddish and gray shale and
gray to pinkish impure limestone, but it includes much conglomerate
at its base. In its overlap on the granite southeast of Capitol Dome
there is some basal arkosic sandstone. A section on the west slope
of Capitol Dome, beginning at the unconformity at the base of the
agglomerate, is as follows:

Section of Lobo formation at Capitol Dome.

Feet.

Sandstone, soft, reddish, with a few thin conglomerate layers
and some limy beds (top) 50
Conglomerate, light colored, with limestone pebbles_.________ 8
Sandstone, pink, soft, with conglomerate streaks_____________ 30

Limestone, slabby, in bodies 3 to 10 feet thick, separated by
buff and reddish shale with thin limestone layers; lime-

" stones weather buff . 180

Shale, dark reddish 20

Limestorie, massive, impure, with scattered pebbly streaks__. 10

Limestone, conglomerate, coarse, with chert and quartzite peb-
bles, red-sand matrix (bottom)___________ - 20

318

The conglomerate lies on an irregularly eroded surface of the Mon-
toya and El Paso limestcones, but the dips of the three formations, as
well as that of the overlying agglomerate, are all to the east at angles

- from 18° to 20°. A few rods southeast of the base of Capitol Dome
the formation extends across the fault shown in figure 6 (p. 77),
which lifts the granite to the level of the top of the El Paso lime-
stone, a displacement of 1,000 feet or more. This feature indicates
that the block, uplifted by this fault, was eroded to a plane before
the deposition of the Lobo beds. Some of the limestone beds in the
Lobo formation closely resemble lithographic stone but are harder
and contain only 27 per cent of calcium carbonate, the remainder
consisting of about 10 per cent of magnesium carbonate and of matter
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insoluble in acid. At the typical locality in Lobo Draw the forma-
tion consists largely of buff and red shale and massive, very fine
~ grained sandstone and limestone.

In the Cooks Range exposures the formation is thinner and pre-
sents certain differences in stratigraphy but no more than might be
expected in a formation of this character. A section measured at the
north end of Sarten Ridge, at a point 4 miles northwest of Fort
Cummings, is as follows, beginning at the first bed below an appar-
ent marked unconformity at the base of the Sarten sandstone:

Section of Lobo formation and underlying strata at north end of Sarten Ridge.

Lobo formation: . Teet.
Sandstone, snuff-colored —— - 20
Conglomerate with limy matrix - — 25
Shale, red e _ 40
Congtomerate 10

Gym limestone:

Limestone, nodular, in red shale_____._________ 5
Limestone, blue ____ e 20
Conglomerate, with some red jasper_____________________ 5

The three beds at the base of this section doubtless represent the
Gym limestone, for the nodular bed contains Manzano fossils on the
west slope of the range.

AGE AND CORRELATION.,

No fossils were found in the Lobo formation, so that its age is not
determined. In the central part of Cooks Range it lies unconform-
ably on the Gym limestone, of late Pennsylvanian age, and is also
separated from the overlying Sarten sandstone (Lower Cretaceous)
by an unconformity; hence its age may be Pennsylvanian, Permian,
Triassic, or even earliest Cretaceous. Because of its unconformable
relations with both the overlying and underlying formations, how-
ever, the Lobo is tentatively classified as Triassic (?).

.

CRETACEOUS SYSTEM.,

CLASSIFICATION,

In Luna County the Cretaceous system is represented by Lower
Cretaceous rocks carrying Washita and Trinity fossils and by the
Colorado shale, of Upper Cretaceous age, the intervening forma-
tions apparently being absent, and higher formations being either
absent or hidden beneath much later deposits. ‘

Rocks of Washita age crop out extensively on the flanks of the
central part of Cooks Range; in Fluorite Ridge, and in Goat Ridge
‘northwest of China Tank. Limestones apparently of somewhat
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lower position in the Comanche series constitute the prominent
buttes at the north end of Sierra Rica, in the southwest corner of
the county (PL VII, 4, p. 15). In the region north of Deming the
rocks are mainly hard massive sandstone, for which the name Sarten
sandstone is proposed.

v

LIMESTONE OF COMANCHE AGE.
CHARACTER AND RELATIONS.

The ridges constituting the northern extension of the Sierra Rica,
in the extreme southwest corner of Luna County, consist of lime-
stones of Comanche (Trinity) age. They are similar to the Mural -
limestone, described by Ransome in the Bisbee folio, but it is thought
undesirable to correlate them at present. - In the lower slopes of these
hills, at the International mine, there are alternating beds of lime-
stone and limy shales, apparently of Washita age, which dip toward
the buttes, but are doubtless sepamted from them by a fault. The
greater part of the area is shown in Plate I (in pocket). The lime-
stone of the buttes is a rock of light blue-gray color, in part massive
and in part thin bedded. About 400 feet of it is exposed, and the
beds dip to the north at a low angle. On the southeast slopes are
limy shales and alternations of shale and limestone containing many
fossils. The ledges of these rocks extend to the International mine,
northeast of which there are ledges of gray quartzite, apparently at a
lower horizon, but possibly separated by a fault.

FOSSILS AND AGE.

Fossils were collected in the limestone along the south slopes of
both of the larger limestone ridges at the north end of Sierra Rica.
They were determined by T. W. Stanton as a small terebratuloid,
apparently closely related to Kingena wacoensis Roemer, which is
common in the Comanche series, and the foraminifer Orbitolina
tewana (Roemer), which is characteristic of the Trinity group of
the Comanche series. The former are very abundant. These fossils
indicate a horizon the same as or near to that of the Mural lime-
stone of the Bisbee quadrangle.

Impure limestone and shaly beds exposed in the flats just south-
east of these ridges, a short distance north of the International mine,
contain Ostrea, Corbula, Anchura, Turritella, and a few other fos-
sils, including a great number of large Exogyras related to £. quit-
manensis (Cragin), which are believed to be of Washita age. This
evidence of fossils indicates that there is a fault between the limestone
ridges yielding Trinity fossils and the flats where the Washita fos-
‘sils were obtained.
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SARTEN SANDSTONE.

OCCURRENCE AND RELATIONS.

The most extensive exposure of the Sarten sandstone is in the
prominent southern extension of Cooks Range, known as Sarten
Ridge, and the name, which is used here for the first time, is taken
from that locality. Fluorite Ridge is also capped by the rock, and -
it is brought to the surface in the dome-shaped uplift of Goat Ridge.
Tt constitutes the high cuesta or sloping plateau north and east of
Cooks post office and appears in several knobs and ridges adjoining:
the porphyry of the Cooks Peak intrusion south of that post office
and east and south of the 55 ranch. Most of these areas are cut
off by faults or igneous rocks, and some of the outcrops slope down
into the agglomerate of the bolson. At the north end of Sarten
Ridge, in the Cooks post office area, in Goat Ridge, and in a canyon
on the southeast side of Sarten Ridge the Sarten sandstone is ex-
posed, lying without notable discordance of dip on the Lobo forma-
tion, which shows but slight evidence of erosion.

In the Pony Hills, north of Fluorite Ridge, the sandstone lies
directly on or against granite, but apparently this relation is due
to faults. In the eastern slope of the Pony Hill area a separating
fault is well exposed. Some of the relations at this place are shown
in figure 11 (p. 88). .

At four localities south, southwest, and east of Cooks Peak and
half a mile south of the 55 ranch the Sarten sandstone is overlain
by Colorado shale without discordance of dip or other evidence of
unconformity to represent the long interval between Washita and
Colorado time.

. CHARACTER AND THICKNESS.

The Sarten sandstone consists almost entirely of light-gray, mas-
sive sandstone, most of it quartzitic or very hard. Some beds are
slabby and a few of them contain a little calcium carbonate. At
the base there is more or less conglomerate, part of it containing
angular and subangular fragments. The thickness of the formation
in Sarten Ridge, Goat Ridge, and the ridges east of Cooks post office
is 300 feet, but in many areas the top has been removed by erosion
or covered by later deposits. Faults and porphyry cut off the lower
beds in various places. <

FOSSILS AND CORRELATION.

Most portions of the Sarten sandstone-are barren of fossils, but
some beds contain them in abundance and in excellent state of preser-
vation. This is notably the case in the east slopes of Sarten Ridge
about a mile north of Fryingpan Spring, where limy beds not far
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below the middle of the formation yielded the following forms:
Cardita belviderensis Cragin, Cardium kansasense Meek, Protocardia
tevana Conrad, P. quadrans Cragin, Tapes belviderensis Cragin?,
Turritella aff. 7. seriatim-granulate Roemer, Ostrea sp., Nucula sp.,
Trigonia sp., Lunatia sp., Cyprimeria sp., and Anchura sp. These
were determined by T. W. Stanton, who states that they represent
the. forms of the Washita group of the Comanche series and show
about the same faunal facies as that found in the marginal deposits
of southern Kansas and near Tucumcari, N. Mex. The following
fossils, obtained in the west end of Fluorite Ridge at apparently
about the same horizon as at the locality northwest of Fryingpan
Spring, were determined by Mr. Stanton: Ostrea sp., Trigonia sp.,
Leptosolen sp., Homomya sp., and Turritella sp.

COLORADO SHALE,

DISTRIBRUTION,

The Colorado shale crops out at three places in Luna County,
two of them in the north edge of the structural and topographic
basin west of Fryingpan Spring and the other in a small syncline
2 miles southwest of Cooks Peak. The outcrops are small, but prob-
ably the shale underlies a large part of the basin north of Goat
Ridge, and there may be much of it under the great bolson deposits
in other parts of the country. The most extensive outcrop is 2%
miles northwest of Fryingpan Spring, where the shale occupies an
area of nearly 1 square mile and the strata dip gently to the south- _
west. To the east are slopes of the Sarten sandstone, and at the
north the shale is cut off by a large mass of porphyry intruded near
its base. To the south and west the shale passes beneath bolson
deposits and agglomerate, but it rises again with steep dip in a
narrow outcrop zone along the foot of the Sarten sandstone ridge
which lies 4 miles south-southwest of Cooks Peak. The exposures
2 miles southwest of Cooks Peak are mainly in a small low mound
along a draw a few rods east of the main north and south road.
Here the beds lie in a local deepening of a syncline of the Sarten
sandstone. A narrow area of Colorado shale extends along the foot
of the mountain east of Cooks Peak from Cooks post office to the
south line of T. 20 S. It lies on the Sarten sandstone in part in a
syncline and cut off on the west by the fault. It is also cup off on the
southeast by a fault separating it from the agglomerate series.

CHARACTER AND RELATIONS.

In the easternmost area above described there are about 200 feet
of beds exposed. They consist mainly of dark .shale with inter-
bedded layers of sandstone and sandy shale and several thin beds
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of dark blue-gray limestone which weathers to a dirty buff color.
The uppermost shale is darker than that below, and a few feet of
slabby * buff sandstone appears ‘at.one point where the formation
passes beneath,the overlapping agglomerate. The shale is separated
from the undérlying Sartén sandstone by abrupt change in char-
acter of materials, but, there is no noticeable discordance of dip,
and coarse fragmental sediments are lacking. There is probably
at this horizon a hiatus representing the Dakota sandstone and
associated beds, covering a con51derab1e portion of early Upper
Cretaceous time. Lo ’
FOSSIIjS AND AGE.

Numerous fossils occur in the Colorado shale at all outcrops.
The following were determined by T. W. Stanton: Gryphwa new-
berryi Stanton, Inoceramus labiatus? Schlotheim, Metoicoceras sp.,
and Prionotropis sp. These forms all belong to the Benton fauna.
The little Gryphaeas weather out in large numbers from some of the
beds and accumulate on the surface. One limestone layer near the
middle of the beds exposed contains many scattered cephalopods,
which are difficult to obtain in good condition. _ '

Fossils are numerous in a sandy layer at the eastern margin of the
outcrop zone 2 miles west-southwest of Wallace’s ranch, each of
Cooks Peak. At this place the following were collected : Ostrea sp.,
Gryphwa? sp., Modiola sp., Astarte sp., Veniella? sp., Anatina? sp.,
Corbula sp., Glauconia coalvillensis (Meek) ?, Volutoderma? sp., and
Fasciolaria? sp. They were determined by T. W. Stanton, who re-
gards them as Upper Cretaceous. They are casts, and several ap-
pear to be undescribed species.

TERTIARY SYSTEM.

AGGLOMERATE AND ASSOCIATED ROCKS.

CHARACTER AND RELATIONS.

In Luna County the Textlary system is represented mainly by a
great thickness of irregularly stratified, nonfossiliferous deposits,
chiefly of volcanic origin and pyroclastic character, interbedded with
intrusive sheets and volcanic flows. The material consists of ag-
glomerate, tuff, volcanic ash, flows of volcanic mud, and some flow
‘breccias. The greater part of the finer material was wind borne,
but portions have been deposited or rearranged by water. Some
beds of sand, sandstone, gravel, and conglomerate of ordinary
detrital origin are also included. The thickness of the deposits is
more than 2,000 feet, and as they are extensively exposed in nearly
all the ridges it is probable that they also underlie a large part of’
the bolson areas. They lie unconformably on various formations up
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to and including the Colorado shale, of middle Upper Cretaceous
age, and are regarded as Tertiary, although the lower part may be
late Cretaceous, and some of the beds at the top may be of Quater-
- nary age. They are overlain unconformably by the Quaternary
bolson deposits. The thick sheets of volcanic flows of various kinds
which are interbedded at intervals in parts of the area were the
products of intermittent volcanic eruptions. The deposits are also
cut by dikes, some of them the feeders of the eruptive flows.

The typical agglomerate, which is the predominating deposit, is a
massive rock, mostly very hard, made up of angular masses of erup-
tive rocks, chiefly dark-gray andesite or purplish latite embedded
in a matrix of tuff or ash. In places the matrix is crystalline and
the rock is probably of a flow breccia. There are also mud flows
and thin sheets of lava, which have flowed over the unconsolidated
deposits and become mixed with a large amount of fragmental
ejected material. Accumulations of tuff and other volcanic materials
deposited in part, at least, by water are of common occurrence, in-
cluding irregular bodies of volcanic ash of considerable thickness and
extent. Some of the water-laid material consists of ordinary sand
and gravel, the detritus of various rocks, sedimentary and volcanic,
now mostly hardened to sandstone or conglomerate, but in some
places difficult to distinguish from the bolson deposits.

DISTRIBUTION.

The most extensive exposures of the pyroclastic rocks are in the
north end of the Florida Mountains, the crest and east side of the
Little Florida Mountains, the east side and south end of Cooks
Range, the wide area northeast of Cooks Range, the Carrizalillo
Hills, the Cedar Grove Mountains, the southeast and northeast slopes
of the Tres Hermanas Mountains, the west slope of the Goodsight
Mountains, the Fourmile Hills and Taylor Mountain area, the valley
of the Mimbres above Taylor Mountain, and under the andesite in
the Victorio Mountains. Smaller exposures occur about Fluorite
Ridge, on Goat Ridge, at the south end of the Burdick Hills, at a
few points about the Cow Spring Hills, and in the southwest corner
of T. 27 S., R. 5 W. There is a very small outcrop on the south side
of Red Mountain. Ash and gravel under the basalt of Black Moun-
tain are classed with this formation, but may be somewhat younger
than the main body of agglomerate in other areas.

LOCAL FEATURES.

The agglomerate forming the rugged peaks and deeply dissected
slopes of the north end of the Florida Mountains exhibits the rela-
tions shown in the sections in figure 3 (p. 70). The thickness ex-
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posed is about 1,600 feet, but as a portion has been removed by
erosion, doubtless there is more of it under the bolson east of the
mountains. It lies unconformably on the Lobo formation, but with-
out notable discordance in the dip, which is at a low angle to-the
east and northeast. Much of the agglomerate in the Florida Moun-
tains is a hard gray rock in massive beds, which are 50 to 80 feet thick
in many places. These beds consist mostly of large angular frag-
ments of andesite and other contemporaneous eruptive rocks in a
matrix of partly crystalline nature. Toward the base at Capitol
Dome there is an alternation of less massive beds, as follows:

Section of pyroclastic rocks at Capitol Dome.
Teet.

Agglomerate, very massive, purplish gray_ . ________ 150

Sandstone, gray to reddish-- ——— - — 4
Conglomerate, coarse, bowlders 1 to 6 inches, mostly volcanic

~ rock, but some blue limestone and coarse reddish granite__ 30
Sandstone slabby, light dirty green, made up mostly of com-

minuted volcanic rocks 12
Conglomerate, coarse, bowlders, lar, "ely volcamc rocks, some

blue limestone and coarse red granite 10
Agglomerate, massive, fine grained, and tuff full of small

angular fragments of eruptive rocks (andesite, etc.) - 50

Keratophyre flows, slabby to massive, gray, fine grained,
with beds of andesite tuff in layers of varying thickness,

some showing mud cracks _ _ 40
Agglomerate, with rounded to subangular masses of andesite,

bedded 25
Keratophyre flow, gray, slabby, fine grained ________________ 3
Conglomerate, coarse, with rounded bowlders of ande51te,

limestone, granite, etc— - —— 20

The basal bed lies unconformably on 50 feet of soft reddish sand-
stone of the Lobo formation, and, although there is some evidence
of erosion at the contact, there is no noticeable difference in direction
or rate of dip. In places the middle and upper members of the
series contain finer-grained beds, such as the body of fine-grained
light-colored tuff that has been quarried for building stone on the
- east end of a spur 2 miles northeast of Arco del Diablo. The ag-
glomerate in the faulted block 1} miles southeast of Arco del Diablo
is capped by a thin sheet of hornblende-augite andesite considerably
leached and carrying masses of epidote. '

The agg glomerate in the Little Florida Mountains has the relations
shown in figure 7 (p. 78). Part of it underlies the great sheet of
felsitic rhyolite, but the greater part lies above that sheet and dips
gently eastward down the east slope of the range. Presumably this
body is at a higher horizon than the agglomerate in the Florida
Mountains, but nothing could be ascertained as to the relations
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owing to the covering of bolson deposits in the intervening gap.
The agglomerate above the rhyolite is a massive deposit of dark-
reddish coarse angular to subangular fragments, some of them 4
feet in diameter. This rock gives rugged topography to the top and
west slope of the mountains, notably in the deep canyon just north
of Black Rock. The coarse deposit thins greatly at the low pass
across the range toward its north end. Possibly it gives place
to finer sediments, for volcanic tuff and ash are exposed in slopes
just east of the northern ridge of the mountains. The deposits ex-
posed underlying the main igneous flow are mostly tuff and volcanic
ash, in places considerably silicified.

A thick succession of agglomerates, tuffs, ash beds, and eruptive
sheets is exposed in the various ridges constituting the south end of
Cooks Range. It is cut off on the west by the great fault and on
the east it passes beneath the bolson deposits. Besides the igneous
materials the series includes sandstone and sand, ‘and some of the
fragmental material of igneous origin or nature has been deposited
by water. Some brecciated mud flows are included, probably the
edges of the larger eruptive sheets or small separate extrusions.
The beds are all uplifted to moderately high angles, so that the
general order of succession is exhibited from southwest to northeast.
It begins with a thick series of agglomerates and ash including some
sandstone that is prominent in two high buttes 3 miles northwest of
Mirage Siding, where the rock is a red quartzite. In the next series
of ridges to the north there is tuff overlain by several sheets of
andesite and latite; then follow quartz basalt and hornblende-mica
rhyolite interbedded in gray agglomerate and beds of volcanic ash.
The succession is irregular, but some of the beds of fragmental rocks
and igneous sheets crop out continuously for 5 to 6 miles along the
strike. The thicknesses vary greatly, however, especially that of the
bodies of volcanic ash, which thicken and thin within short distances.

Extensive exposures of fragmental volcanic rocks of various kinds
appear about the foot of Fluorite Ridge, Goat Ridge, and the south
slope of Cooks Range west of Sarten Ridge. They include some
agglomerate and many beds of ash and tuff, and also of sandstone -
composed mostly of grains of volcanic rocks.

The material under the basalt cap of Black Mountain is largely
waterlaid, but it consists mainly of rocks of volcanic origin, beds of
ash, and more or less tuff. In all, about 400 feet of these materials:
lie above the level of the bolson at the south end of the mountain.
The eastward dip of their own bedding and also of the basalt cap
carries them beneath the surface to the east.

The agglomerate series in the Victorio Mountains lies on the
Gym limestone and is overlain by andesite. The dips are somewhat
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west of north at angles close to 20° throughout, and the thickness of
the deposit is about 700 feet. There is no great difference in attitude
between the agglomerate and the limestone. The younger forma-
tion begins with red sandstone and reddish to purplish-brown shale,
with included conglomerate deposits. Some of the conglomerate is
very coarse and contains pebbles and bowlders of andesites and
other. volcanic rocks, and it is because of this evidence that the
formation is not correlated with the Lobo formation, which it closely
resembles in all other respects. Near the top are green sandstones
and coarse conglomerates with limestone pebbles, some containing
Carboniferous fossils. Dark purplish-brown fine-grained massive
shale or sandstone is the predominating rock in the formation in
this region. Some of the dark beds contain considerable calcium
carbonate. .

The tuff at the Mimbres Dam site is a white massive rock near
rhyolite in composition, in which the groundmass is probably albite.

A tuffaceous agglomerate of rhyolitic composition constitutes part
of Taylor Mountain. It is a light-pink rock of medium density con-
taining fragments of pumice and small, apparently waterworn peb-
bles, showing the fragmental character of the rock. The microscope
reveals fragments of quartz and cloudy microcline, or microcline and
quartz, as well as of various kinds of aphanitic rocks, embedded in
a matrix consisting of angular pumice and a formless mass of nearly
isotropic character, doubtless fine ash. The fragments of quartz and
microcline, particularly the latter, are most certainly derived from
a granite. The whole agglomerate is probably a reworked tuff in
which granitic sand became incorporated,

A rock of almost exactly similar character is found 3 miles north-
east of Taylor Mountain, along the side of Mimbres Valley. A
short distance farther east, near the Grant-Luna county line, there
is a white rhyolitic tuff showing distinct stratification. It is over-
lain by a sheet of pink rhyolite bearing numerous fragments of
pumice, and this in turn is overlain by andesite.

The exposure of agglomerate at the foot of the south slope of
Red Mountain extends only a few rods and is but a few yards in
width. The material is a typical agglomerate with angular frag-
ments, largely of dark purplish-gray rock, apparently hornblende- -
augite latite, in a matrix of finer material of the same general char-
acter. A low mound of bluish-gray agglomerate rises above the
bolson on the south point of the Burdick Hills, 5 miles southwest of
Tola. It is cut by dikes of various kinds, one of latite and another of
quartz porphyry 10 feet wide.

97890°—Bull. 618—16——4
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AGE.

The agglomerates and associated rocks have yielded no fossils. To
judge by their relations here and in adjoining areas they were accu-
mulated during Tertiary time and probably in the later part of that
period. Possibly the agglomerate is later than the porphyry intru-
sions, but no fragments of the porphyry have been observed in the
agglomerate, and at one or two points in Cooks Range some features
suggest that the agglomerate is cut by porphyry dikes. The time
of deposition of the upper members of the agglomerate series may
have continued into the Quaternary, for the relatively young basalts
lie on volcanic ash and tuff deposits, and the earliest of the agglom-
erates may be as old as late Cretaceous. '

QUATERNARY SYSTEM.
BOLSON DEPOSITS.

Luna County contains many thick deposits of sand, gravel, and
clay of Quaternary age. In greater part they underlie the wide
bolsons, and their smooth top surfaces are not incised very deeply
by the present streams. Along the lower flats are accumulations of
recent alluvium, but these can not be separated from the older de-
posits. Some portions of the alluvium consist of loose sand which
blows from place to place, giving rise to local sand dunes, a feature
mainly confined to the country along Mimbres River near Deming
and the sandy slopes northeast of Arena. More or less of the talus
accumulating on the slopes of hills and mountains is of Quaternary
age, but its limits are too indefinite for representation on the geo-
logic map.

The thickness and character of the deposits in the great bolsons
between the mountains is known at certain localities from well bor-
ings, a few of which have reached the “bedrock.” A deep hole bored
in Deming in 1887 entered rock at 963 to 980 feet, having passed
through a succession of clay, sand, “ cement,” and gravel in alter-
nating deposits 5 to 18 feet thick. The detailed record of a 950-foot
boring at Lenark, a station on the Southern Pacific Railroad 60 miles
east of Deming, shows a succession which is probably characteristic,
although possibly some of the materials reported as sand and clay
may be soft sandstone and shale of Cretaceous or Tertiary age. The
following is the record as given by the driller, H. F. Gansirer:
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Record of deep boring ot Lenark, N. Mex.

~ Thick- | Depth Thick- | Depth
ness. to base. ness. | to base.
Feet. Feet. : Feet. Feet.
Redsoil......coeveannnnnnn.. 13 BSand............ooooiilL 106 562
Chalky clay. .. 2 15| Redelay..cooeeninnnnnnan... . 28] . 590
Sandrock, hatd.......... 63 78 || Yellowelay.................. 50 640
Comonted stones. ....... .. 47 125 || Sandstone, soft............... 26 666
Redelay.....ccoeeeenn.. .. 61 186 || Sandstone, hard ......... 2 668
White sand.............. - 18 204 32 700
Sandy clay... .. 10 214 10 710
Sand.. / 12 226 20 730
Red cla 26 252 20 750
Sand.....ccoceeannn. 38 290 25 775
Cemented sand, hard 4 294 6 781
Red clay, hard...... 42 336 19
Yellowclay..... .| 46 382 10 810
............ R 14 396 30 840
Red clay, hard.. 32 428 30 870
uicksand....... 18 446 22 892
emented sand.. .. 6 452 8 900
Cluy....... eeeeeeeereroaenans 4 456 50 950

The following is a representative well record of the region north-
east of Deming: !

Record of well in the SW. } sec. 30, T. 23 8., R. 7T W.

Thick- Depth Thick- | Depth

ness. to base. ness. | to base.

Feet. Feet. Feet. Feet.
Loam and clay .- 22 22 || Sandrock.. .. 2 65
Gravel....... .. 23 243 Qulcksand 1 66
Clay........ .. 43 29 || Gravel and sand, water bear-
Gravel with much water...... 53 343 . 6 72
Sand, tightly packed......... 5% 40 3 75
Clay. ... ..ol 10 50 1 76
Sand tightly packed......... 5 55 Gravel water bearing........ 3 79
(03 ) 8 63 Sa.ndrock soft......o...il 32 111

In the Columbus region several borings penetrated basalt, evi-
" dently in thin sheets, included between sands and clays of the bolson
deposits. Some features of the.materials constituting the higher
plain at the south end of the Tres Hermanas Mountains are exposed
in deep railroad cuts east of Mimbres. The rise of the railroad grade
here is 333 feet, but the only good exposures are in cuts through the
upper deposits. These consist of soft pebbly sandstones and con-
glomerates in thick beds dipping 30° ENE. In the 200-foot rise at
the western edge of the higher plain or plateau east of Arena the
materials are more sandy, and in places there are soft sandstones,
which are probably of Quaternary age but may be Tertiary.

CENOZOIC IGNEOUS ROCKS.!

CHARACTER AND AGE,

A great vai‘iety of younger igneous rocks are exposed in Luna
County, comprising mainly porphyry of several varieties, an ex-

1The petrographic descriptions under this heading have been supplied by John L, Rich,
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tensive series of latites, andesites, rhyolites and felsitic rhyolites, and
basalt. The porphyry is in laccoliths and sills cutting strata as young
as late Cretaceous and is believed to be of early Tertiary age. The
latites, andesites, and rhyolites are mainly flows included in a great
deposit of volcanic agglomerate and other fragmental material, re-
garded as of later Tertiary age, which underlies a large part of the
region and rises in great prominence in the north end of the Florida
Mountains and the ridges farther north. The order of succession of
igneous flows in the agglomerate series is andesite, quartz latite,
olivine-bearing andesite or quartz basalt, rhyolite and felsitic rhyolite.
Keratophyre and quartz keratophyre occur in dikes and thin sheets,
but their stratigraphic position is not clear, and there is also some
doubt as to the relative position of the felsitic rhyolites. The basalt
occurs as lava flows on Quaternary sediments and in dikes.

~

EARLY TERTIARY IGNEOUS ROCKS.

QUARTZ MONZONITE PORPHYRY AND SODIC GRANITE PORPHYRY.

Distribution—Large masses of intrusive porphyry occur in Cooks

Range west of the great fault, and Cooks Peak consists of that rock.
A large irregular laccolith about 3 miles long constitutes the greater
part of Fluorite Ridge. There are several dikes and sills offshooting
from the larger masses, notably on the west slope of Cooks Range at
Cooks post office and in Sarten Ridge. A small sill of similar rock is
intruded in limestone south of Victorio Peak. Another small mass
appears in a butte 3 miles east of Arena, and dikes of similar rock
cut granite south of Capitol Dome. The porphyry cuts strata from
Cambrian to later Cretaceous in age and probably also cuts the ag-
glomerate or a part of it. It appears, however, to be older than any
of the great flows in the agglomerate series. Therefore it is believed
to be of early Tertiary age. "
- Character—There is considerable variation in the character of
the rock which. ranges, with all gradations, from sodic granite por-
phyry to quartz monzonite porphyry and even to granodiorite por-
phyry. The porphyry in Fluorite Ridge and along the south side of
the Cooks Peak mass has a dark-gray groundmass with white feld-
spar phenocrysts and abundant small hornblendes, while about Cooks
Peak the groundmass is much lighter in color, the feldspar pheno-
crysts are larger, and the hornblende is much less abundant. .

Petrography—The sodic granite porphyry from Fluorite Ridge,
which may be regarded as typical for the northern part of the area,
is a porphyritic gray rock with phenocrysts of feldspar (mainly
albite), hornblende, biotite, and quartz in a dark-gray felsitic
groundmass. Hornblende and biotite in about equal proportions,
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generally more or less altered to chlorite, occur in subordinate

amounts. Quartz phenocrysts, many of them resorbed, are moder-

- ately abundant. The groundmass is essentially orthoclase and quartz
with a little albite and augite.

 The dikes and sills extending out from the larger masses present
some variations from these features, either in a diminished amount of
quartz, with increase in the proportion of hornblende, which occurs
characteristically as long crystals, in places crossed or even as rosettes,
or in a change to the more calcic feldspars—oligoclase and andes-
ine—which mark the transition to typical quartz monzonite por-
phyry. The rock from the south slope of Fluorite Ridge is repre-
sentative of these quartz monzonite porphyries. The phenocrysts
are mainly andesine grading to albite in the outer zones, biotite,
and quartz. The groundmass is a mosaic of quartz and orthoclase.
The porphyry 11 miles south of Cooks Peak contains more horn-
blende, a little more calcic feldspar, and less quartz in the ground-
mass than the rock just described and is typical quartz monzonite
porphyry, as is also the rock near the fault 2 miles southeast .of the
peak.

The porphyry in the mass east of Arena is similar to the rock of

‘Cooks Range but has larger phenocrysts of andesine. ‘

~ Lindgren?® has described the rock of Cooks Peak as a massive
porphyry of gray color with prominent phenocrysts of andesine
feldspar, many of which exhibit marked zonal structure. There are
also a few crystals of hornblende and biotite ; magnetite is relatively
abundant, the groundmass is microcrystalline granular and consists
essentially of the same minerals, together with quartz and orthoclase.-
The ferromagnesian minerals are partly altered to chlorite. Lind-
gren gives the following chemical analysis and norm:

~ Analysis of porphyry at Cooks Peak.
A [By George Steiger.]

ST 62.95 | Na:O _—_—______ 4.05 [BaO oo 0.03
AbOs o __ 15.91 | KoO oo 2.95 | SI0_ccocooo_ -03
1 N 830 | HoO oo 1.19
FeO o 1.87 | TiOsomcemee 67 100. 07
MgO— - 2.18 | PaOs oo 18
(oYo M 4.46 | MnO____________ 08

Norm 6f porphyry of Cooks Pealk.

[Calculated by B. S, Butler.]

Quartz . __ 16. 62 | Diopside. o —____ 3.89 | lmenite_________ 1.37
Orthoclase________ 17.79 | Enstatite - ______ 3.60 | Apatite___________ .34
Albite . __________ '34.06 | Magnetite ________ 2.55 03, 22

Anorthite_____ __- 16.40 | Hematite_________ 1. 60

1 U, 8. Geol, Survey Prof. Paper 68, p. 37, 1910.
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In the quantitative system the rock is a dacose. By the ordinary classifi-
cation it is best designated as a granodiorite porphyry, as it contains too much
plagioclase to be termed a quartz monzonite.

GRANITE PORPHYRY.

Occurrence—The peaks and higher portions of the Tres Hermanas
Mountains consist of a porphyritic granite or granite porphyry
which is intruded into limestones of later Carboniferous age. The
mass is a large one, for the igneous rock exposed is 800 feet or more
thick and occupies an elliptical area 5 miles long by 24 miles wide.
The rock cuts across and penetrates the limestone and includes huge
masses of it. The sedimentary rock is metamorphosed into marble
near the contacts, and various minerals are developed along them.
The porphyry is a coarse-grained rock of massive structure and
relatively uniform character throughout, except that the grain is
slightly finer near the contacts with limestone. “The rock is of light-
gray color, but it weathers to a light-brownish tint, and the porphy-
ritic character is brought out by weathering. A small mass of some-
what similar rock crops out in a butte 10 miles northeast of Arena,
lying on agglomerate.

Petrography.—The rock of the Tres Hermanas Mountains has the
composition of granite but differs considerably in aspect and compo-
sition from the pre-Cambrian granites of the Florida Mountains and
the area to the north. Lindgren?* calls it a coarse granite porphyry
and gives the following description of a sample collected near the
zinc mine: .

The rock is brownish gray and contains phenocrysts of orthoclase up to 15
millimeters in length, also small foils of biotite and small crystals of dark-

green hornblende. Some oligoclase is associated with the orthoclase; the
groundmass is micropegmatitic, consisting of quartz and orthoclase.

Of samples collected on the northern slopes of the mountains two
were found to contain quartz in normal amount for a granite,
orthoclase, the most abundant feldspar, with small amounts of oligo-
clase and albite, considerable biotite, and some hornblende. An-
other sample from the northeast corner of the Tres Hermanas area
had abundant quartz and albite, considerable orthoclase and horn-
blende, and a small amount of biotite.

The rock in the butte northeast of the Birchfield ranch, in the
southeastern corner of the county, contains abundant quartz and
albite as the principal feldspar. Ferromagnesian (mafic) minerals
are scarce. :

1Qp. cit., p. 38.
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LATER TERTIARY IGNEOUS ROCKS.

GENERAL RELATIONS.

The series of eruptive sheets interbedded at several horizons in the
great succession of agglomerates and other fragmental rocks under-
lying much of Luna County comprises rocks of various kinds, mostly
in widespread flows. These rocks crop out most extensively in the
ridges extending along the east side of Cooks Range and constituting
the southern extension of that range. The Little Florida Mountains
contain a thick eruptive sheet; the Cedar Grove Mountains, Carriza-
lillo Hills, Fourmile Hills, and Taylor Mountain consist of a succes-
sion of flows and tuffs, and there are extensive flows in the Cow
Spring Hills and on the flanks of the Tres Hermanas Mountains.
Grandmother and Red Mountains and the high northern ridge of the
Victorio Mountains consist of igneous rocks. Smaller areas appear
in the Midway and Burdick hills, the hills north and east of
Arena, and a number of low mounds rising out of the bolson. There
are also many dikes and a few stocks, and doubtless extensive areas
are hidden beneath the bolson deposits. In the great succession of
flows and agglomerates, tuffs, and ash on the east side and south end
of Cooks Range there is a wide area in which the sheets dip 5° to
40° NE., indicating a thickness of more than 2,000 feet, allowance
being made for some duplication of outcrops by faulting. From two
to six thick sheets of eruptive rocks are interbedded in the succession.
Some of them are of great extent but others are small, so far as can
be judged from outcrops. The largest flows in this area, which are
near the middle of the series, consist of latite. The flows below the
latite are andesite and those above are andesite, quartz basalt, and
rhyolite. In the Little Florida Mountains the agglomerate includes
a thick sheet of felsitic or vitreous rhyolite with local intrusions of
keratophyre. The thick mass of agglomerate at the north end of the
Florida Mountains consists largely of fragmental material with thin
local sheets of keratophyre. The total thickness of the succession in
the mountains appears to be between 1,700 and 1,800 feet in the great
eastward-dipping mass which rises out of the bolson. The relations
of these three large series of volcanic rocks to one another is not
known, but the mass in the Little Florida Mountains appears to be
stratigraphically higher than the mass in the Florida Mountains and
probably represents at least a portion of the series appearing in Cooks
Range. The agglomerates are described on pages 45-50. The wide
area of agglomerate northeast of Cooks Range was not examined in
detail and it contains several sheets of eruptive rock which are not
shown on the map (Pl I).
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QUARTZ LATITE.

Relations and character—The latite occurs mainly as flows, most
of them thick and of great extent, interbedded at several horizons
among the agglomerate and other pyroclastic deposits. Some of the
masses are dikes in the agglomerate, doubtless feeders of surface
flows. The largest outcrops are in the south end of Cooks Range
and in the Cedar Grove Mountains. The rocks are compact but
mostly coarse grained, of purplish-gray color, and of more or less
porphyritic character, showing light-colored feldspar, dark horn-
blende, and.in most specimens biotite. Some are dark gray and
vesicular, others are of lighter color and include considerable tuff,
and many of them are more or less deeply weathered. The rocks vary
somewhat in mineral constitution, mainly in the amount of augite,
which is lacking in some of the masses, and in quartz, which as a rule
occurs in greater or less amount in the groundmass. Some of the
latite resembles the andesites, but differs in containing a larger
amount of potash feldspar, a distinction discernible only under the
microscope; generally, however, the latites are much coarser grained
and of lighter color. Varieties of the latite are difficult to separate
in the field, and apparently they occur not only in separate flows but
in different portions of the same mass. ,

Distribution.—The largest bodies of latite constitute the crest and
part of the slopes of the Cedar Grove Mountains and of the south
end of Cooks Range 5 miles west and southwest of Florida station.
At the latter place there are two principal sheets separated by a
varying thickness of agglomerate, ash, and other fragmental de-
posits, all dipping 10°-15° NE. Each of these sheets is probably
made up of a succession of outflows. Another thick mass is inter-
bedded in the agglomerate 4 miles northwest of Fort Cummings,
probably at the same horizon as the others, and there is an extensive
sheet in the Fourmile Hills and the slopes to the north. Smaller
detached outcrops of latite appear in the Burdick Hills, in the slopes
3 miles southeast of Waterloo, and in a low knoll 2 miles east of the
76 ranch. Some of these may represent flows of considerable size,
. and possibly some may be dikes, but their structural relations are not
- exposed. In the outcrop 2 miles north of Mirage a dike of latite
cuts the agglomerate.

In the ridges south of Fort Cummings and in a small outcrop west
of Florida station the rhyolite is overlain by a thin sheet of brown
latite containing augite, the highest horizon at which latite has
been observed in this region. Augite-bearing latite predominates in
the Cooks Range area, and latite with little or no augite constitutes
the mass 8 miles northwest of Fort Cummings, a small intermediate
flow 1 mile northeast of the Wilson ranch, a small mass 1} miles



CENO0ZOIC IGNEOUS ROCKS, 57

southwest of Fort Cummings, and some masses in the Burdick Hills
and Cedar Grove Mountains and possibly in other places.

Petrography.—Most of the latite is pink to purplish in color, mod-
erately compact, and porphyritic. Phenocrysts constitute about one-
third of the rock. In order of abundance they are andesine-labra-
dorite, brown hornblende, augite, and biotite in scattered large crys-
tals. They lie in a felsitic groundmass, consisting mainly of minute
laths of feldspar, much of which is orthoclase, and in many of the
rocks there is also considerable quartz in the groundmass. The feld-
spar phenocrysts are commonly zonal and bordered by a rim of
minute inclusions. In most exposures the ferric minerals, particu-
larly hornblende and biotite, are considerably altered. In many of
the masses augite is lacking, but in others it occurs in considerable
amount. Pleochroic apatite is a characteristic accessory mineral.
The quartz in the groundmass is as a rule difficult to distinguish.
Determinations of silica in three specimens by Chase Palmer in the
laboratory of the United States Geological Survey gave 64.75, 60.94,
and 58.93 per cent, which indicate the presence of free silica. The
first of' these specimens was taken from the upper part of the large
flow north of the Wilson ranch, the second from a thin flow 23 miles
southwest of Florida station, and the third from a fragment in
agglomerate in the Goodsight Mountains.

One of the dikes cutting the agglomerate 2 miles northeast of
Mirage siding contains augite. The extensive sheet on the northern
slope of the Fourmile Hills is identical with some of the latite west
of Florida station. It consists of phenocrysts of andesine-labra-
- dorite, brown hornblende, augite, and brown mica in a dense felsitic
groundmass. The latite on the summit of the Cedar Grove Moun-
tains at the Smith ranch and a sample from the west end of the range
consist of phenocrysts of andesine and brown hornblende in a semi-
vitreous purplish-brown quartz-bearing groundmass. The rock ex-
posed 3 miles southwest<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>