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GEOLOGY AND ORE DEPOSITS OF THE LORDSBURG MINING
DISTRICT, HIDALGO COUNTY, NEW MEXICO

By Samuer G. Lasky

ABSTRACT

The Lordsburg copper-mining district occupies the low pyramidal hills that
form the northern part of the Pyramid Mountains, immediately southwest of
Lordsburg, N. Mex.

From 1904 to 1933 the Lordsburg district produced 1,671,669 tons of ore con-
taining copper, gold, silver, and lead valued at $19,482,671 and was one of the
most productive districts in New Mexico. Mining activity depended almost en-
tirely upon an unusual demand for siliceous fluxing ore like that of the Lords-
burg district, and it ended abruptly with a cessation of this demand in 1931.
Resumption of mining is dependent on increased metal prices or on a renewed
demand for fluxing ore by the copper smelters.

The oldest rocks exposed in the Lordsburg district are basalt flows, of Co-
manche (Lower Cretaceous) age, at least 2,000 feet thick, intruded by plugs of
basalt and rhyolite breccias and by plugs of white rhyolite. Interbedded breccia
and thin flows derived from some of the breccia plugs are present here and
there. An irregular, horseshoe-shaped stock of granodiorite and related dikes of
granodiorite porphyry and aplite intrude the volcanic rocks. The cover has
barely been removed from the northern part of the stock, and the present
topography there gives a general picture of the original surface of the mass.
Roof pendants in the stock and outliers of granodiorite bordering it are com-
mon. The border of the stock shows evidence of assimilation of basalt on a
small scale, and the adjacent basalt is metamorphosed locally to a rock mineral-
ogically like the granodiorite. Plugs and dikes of quartz latite and dikes of
white felsite cut the granodiorite and earlier rocks, and Miocene (?) lavas and
associated breccias and tuffs, later than the quartz latite dikes, are extensively
exposed south of the district, where they are separated from the other rocks by
a major unconformity.

The faults of the district fall roughly into two sets, one trending eastward
and the other northeastward. They seem to be confined largely to zones that
follow the general outline of the stock, which possibly acted as a bulwark
against the stresses, presumably regional, that produced the faults. Nearly
all faults originated prior to the period of ore formation, and they furnished
the channels for the ore-bearing solutions. A few faults, either barren of vein
matter or containing only a small quantity of the latest minerals, offset the
veins slightly. At least seven stages of movement have been recognized.
The direction and amount of movement are generally indeterminable, but it
is known that the net displacement of all recurrent movements along the north-
eastward-trending Emerald fault, one of the most persistent in the district, is
nearly horizontal and hardly exceeds 150 feet. The pattern of the eastward-
trending Anita-Atwood fault zone suggests that the main members of that zone
also may have had essentially horizontal movement.

1



2 LORDSBURG MINING DISTRICT, NEW MEXICO

The vein filling was deposited during the general period of faulting, but-
each reopening of the fissure was accompanied by a change in the character of
the material deposited, and consequently there were six distinct stages of
mineralization. At no stage except possibly, the first were the vein openings
filled completely, and the composite filling is generally a highly vuggy and
drusy mass. .

The deposits belong to the copper-tourmaline type, and the Emerald vein,
which has been mined continuously for a_vertical depth of 1,900 feet and has
yielded about 1,500,000 tons of ore, contained the most productive deposit of
this type in the United States. The average hypogene ore in this deposit con-
tained 2.8 percent of copper and 1.23 ounces of silver and 0.111 ounce of gold
to the ton. A characteristic feature of the deposits is the occurrence of ore
in overlapping segments.

The six stages of activity during mineralization were as follows:

1. Formation of sericite, chlorite, and calcite in the wall rocks, local im-
pregnation of the wall rocks by tourmaline and specularite, and deposition of
tourmaline and specularite in the vein openings.

2. Reopening of the veins with some sheeting and brecciation, followed by
deposition of quartz and a little pyrite, which were accompanied at first by a
trace of chlorite, then by considerable coarse-grained chalcopyrite and a little
manganosiderite, and still later by sphalerite and minor amounts of galena and
barite. Wall-rock alteration consisted chiefly of sericitization and silicification,
which partly destroyed the earlier tourmaline and specularite, but the specu-
larite seems to have been comparatively stable in the presence of the sulphide-
depositing solutions. The exploitable ore deposits were formed during this
stage; minor amounts of valuable metals were added during other stages, but
dilution by valueless gangue more than offset this gain.

3. Reopening and further brecciation, starting possibly near the galena-
barite phase of deposition and providing access for the third-stage solutions.
These solutions at first dissolved the sericite, chlorite, and calcite from residual
wall rock iu the veins, leaving behind honeycombed masses of first- and second-
stage minerals. Subsequent third-stage deposition consisted of abundant fine-
grained drusy quartz, a very little chalcopyrite and pyrite, and a trace of
chlorite.

4. Reopening, followed by partial cementation by pink manganiferous calcite,
which is most abundant as “dogtooth spar” lining large cavities that resuited
from leaching or flushing out of fault gouge and breccia. Locally the calcite
is accompanied by minor chalcopyrite and galena.

5. Reopening, followed by deposition of caleite only.

6. Deposition of minor amounts of quartz, calcite, and fluorite, and altera-
tion of the quartz latite dikes, which were injected between this and the
preceding stage,

Supergene alteration of the oves is irregular. High-grade supergene ores
of gold and copper have been mined, but enrichment at one place by either of
these metals was balanced largely by leaching at another. The average silver
content, on the contrary, was almost trebled by supergene enrichment.

INTRODUCTION
SCOPE OF THE REPORT

The Lordsburg copper-mining district, in Hidalgo County, south-
western New Mexico, was selected in 1930 for study by the United
States Geological Survey in cooperation with the New Mexico Bureau
of Mines and Mineral Resources. At that time the district was the
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" third most productive district in New Mexico, as the result of min-
ing-on a large scale at the Eighty-five mine to supply the company’s
smelter in Arizona with siliceous fluxing ore. Other smelters han-
dling ores from New Mexico were also in need of such ore, and in
view of this demand it was believed that a detailed geologic survey
would be of current benefit to the general mining industry of the
State as well as to the district itself. A special topographic base
map was prepared by the United States Geological Survey in 1931,
but before the geologic study could be started it became known that
the Eighty-five was to be closed by the end of the year and that
the smaller mines also would probably be closed because of the de-
pressed condition of the copper industry. The writer visited the
district as soon as possible thereafter and mapped the geology of
the mines in detail while the workings were still accessible. He
was engaged in other work after this visit, and before he could
resume work in the Lordsburg district it began to appear that the
depressed condition of the industry was likely to be of long dura-
tion and that therefore a study of the district was no longer of
current importance. Much information had been obtained in the
course of underground mapping, however, and it was decided to
complete the survey, though in less detail than originally planned,
so that this information could be appraised and made available.

Surface mapping in the district was carried on in November and
December 1983. The main part of the district, embracing about 12
square miles, was mapped on a scale of 1:24,000. In addition, about
40 square miles of the surrounding area was mapped on a scale of
1:48,000 in order to correlate the geology in the vicinity of the mines
with that of the adjacent country, particularly with the geology of
the old silver camp at Leitendorf (Pyramid), to the south. (See
pl. 1.)

The cooperative agreement between the Federal Survey and the
New Mexico Bureau of Mines and Mineral Resources was extended
in 1934 to permit a geologic survey of the whole of Hidalgo County,
and 1t was hoped that this regional study would lead to a solution
of several important problems, including the depth at which the ores
‘were formed and the origin of the ore-bearing fissures, for which the
evidence within the Lordsburg district alone is insufficient.
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GEOGRAPHY
LOCATION OF THE DISTRICT

The Lordsburg mining district is in the northern part of Hidalgo
County, N. Mex., and lies southwest of the town of Lordsburg, about
17 miles east of the Arizona line. (See fig. 1.) Lordsburg, which
had a population of 2,026 in 1930, is a division point on the main line
of the Southern Pacific Railroad and is on United States Trans-
continental Highway 80. A branch line of the railroad connects
Lordsburg with the town of Valedon, 8 miles southwest, in the heart
of the Lordsburg district, where the offices and shops of the Eighty-
five mine were located.

The district is in the extreme northern part of the Pyramid
Mountains, which extend from a line 1145 miles north of Valedon
southward for about 21 miles. It includes two contiguous subdis-
tricts—the Virginia district, occupying that part of the range north
of the Lordsburg-Animas road and covering about 20 square miles,
and the Pyramid (Leitendorf) district, occupying the area of 2 or 8
square miles south of the road and north of the Leitendorf Hills
and the foot of North Pyramid Peak.
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CLIMATE AND VEGETATION

The climate and vegetation of the Lordsburg district are typical
of the arid regions of the southwestern United States. Mesquite,
several varieties of cactus, and the hardy creosote bush are the com-
mon plants. Grama grass, of several species, is sparsely distributed
and barely suffices to support the few herds of goats that are pas-
tured in the area. The average annual temperature at Lordsburg
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Figure 1.—Map of New Mexico and eastern Arizona, showing location of the Lordsburg
mining district.

ranges from 60° to 62°.! Temperatures above 100° are common in
June, July, and August, but the nights are usually comfortable, the
minimum temperature during those months averaging about 50°.
During the winter the average temperature is 44° to 46°, the ther-
mometer falling to 0° or slightly below for short intervals of time.
The average annual precipitation over a period of 46 years was 9.14
inches. The heaviest rains usually fall in July and August in

1Linney, C. E. Garcia, Fabian, and Hollinger, E. C., Climate as it affects crops and
ranges in New Mexico: New Mexico Coll, Agr. and Mech. Arts, Agr. Exper. Sta., Bull.
182, pp. 31-32, 1930. Also records of the U. S. Weather Bureau.

3.
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thunderstorms of short duration, the precipitation during those
months averaging nearly 40 percent of the yearly total. A minor
wet season occurs during the cold months. Snowfalls are rare and
ephemeral.

TOPOGRAPHY

The Pyramid Mountains form one of the isolated ranges typical
of the high desert plateau that constitutes this part of the United
States and that is characterized by sharply marked, narrow mountain
ranges separated by wide valleys, or basins, filled by wash from the
mountains. In this part of New Mexico the mountain ranges trend
northward and cover about a third of the area. The Pyramid
Range lies within the closed Animas drainage basinj it is limited
on the west by the Animas Valley and on the east by the Lords-
burg Valley, which drains around the north end of the range and
into the alkali flat or “dry lake” of lower Animas Valley.

The Pyramid Mountains were so named by Antisell 2 because of
the pyramidal appearance of the principal peaks and hills. The
highest points are North (Big) Pyramid Peak, 6,002 feet above sex
level, in the north-central part of the range, and South (Little)
Pyramid Peak, 5,910 feet above sea level, in the southern part. The
average altitude of the adjacent Lordsburg and Animas Valleys is
about 4,200 feet.

Topographically the range is sharply divided into two parts—the
low hills north of Leitendorf camp and the jumble of naked peaks
and ridges to the south that make up the larger part of the range.
The area of low hills constitutes the Lordsburg mining district.
The hills are made up of comparatively soft rocks, and the highest
points among them are the twin “pyramids” of Eighty-five and
Lookout Hills, 5,105 feet and 4,975 feet respectively above sea level;
Lee Peak, 5,022 feet; and Aberdeen Peak and the three adjoining
hills to the southwest, the altitudes of which range from about 5,000
to 5,064 feet. In general, the hills have the appearance of a group
of squat pyramids of different sizes, as shown in plate 2. The in-
tervening gullies tend to follow contacts between different forma-
tions, and because many of the formations are intrusive, the drain-
age pattern is very irregular. At the edge of the hills erosion has
become almost independent of the character of the rocks and has
produced a late-stage desert topography in which irregular low
spurs are separated by gravel-filled branching arroyos that extend
well into the hills from all sides. (See pl. 1.) Some of the spurs
have been cut oft by the valley fill and now appear as detached hills
bordering the main body. The spurs are largely graded rock sur-

2 Antisell, Thomas, Geological report: U. 8. Pacific R. R. Expl., vol. 7, p. 152, 1856.
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faces that are part of a dissected pediment ® exposed for more than
2 miles from the foot of the hills.

Bold, wall-like ledges, locally called “quartz dikes”, constitute a
plomlnent feature of the topography. Lee Peak is formed by the
intersection of several of these ledges. (See pls. 2 and 7.)

SURFACE AND UNDERGROUND WATERS

The Lordsburg district contains no streams nor springs. The
arroyos become raging torrents immediately after summer cloudbursts,
but they dry up within a few hours. The average water level in the
hilly parts of the district normally ranges from 50 to about 550 feet
below the surface, lying roughly at an altitude of about 4,400 feet. In
the adjacent valleys the altitude of the water table decreases to about
4,130 feet, the depth below the surface ranging from 70 to 90 feet in
Lordsburg Draw to less than 15 feet in Animas Valley.

The quantity of water that may be encountered in mining is not
enough to handicap operations seriously. Pumping plants should be
large enough, however, to take care of a flow much greater than the
average, because large underﬂx ound reservoirs may be tapped that for
short periods may yield a flow of water several times as great as the
normal flow. On April 4, 1929, when the Eighty-five mine was pump-
ing about 350 gallons a minute, the south drift on the 1,650-foot level
tapped a reservoir that at first yielded 800 gallons a minute. The
flow lessened a little after 15 hours, but the pumps were drowned and
the water rose above the 1,350-foot level before new pumps could be
installed. The flow from this underground pocket was measured at
103 gallons a minute after the 1,650-foot level was again unwatered.
The following table gives an idea of the pumping capacity that must
be provided in mining operations in the Lordsburg district.

Water pumped from mines in the Lordsburg mining district

Miles of
B ‘Water
workings
Mine Deepest |, 7K TS | pumped
level level (ap- (gallons a
proximate) | minute)
1, 650 9 1 350
1,650 9 21,150
1, 650 9 3 450
1,950 10.5 450
800 15 50-75
750 .4 4275
620 1 115

1 Before tapping the underground reservoir on the 1,650-foot level.

2 Immediately after tapping the underground reservoir on the 1,650-foot level.

3 After the early rush of water from the 1,650-foot level had s]ackened

4 The water pumped from the Elghty-ﬁve mine, after being discharged on the surface, passed across the
course of the Atwood vein, and part of it may have seeped into the Atwood workings.

3 Bryan, Kirk, Erosion and sedimentation in the Papago country, Arizona: U. S. Geol.
Survey Bull. 730, pp. 52-65, 1923.
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Pumping at the Eighty-five mine, the workings of which extend
2,000 feet below the surface, seems to have artificially lowered the
water table in the adjacent area to a considerable degree. Ior ex-
ample, the water level at the Bonney mine, 114 miles away on the
same vein zone, was lowered from a depth of 190 feet in 1906 to 320
feet in 1927 and to 560 feet late in 1931, shortly before pumping at
the Eighty-five mine was stopped. By the spring of 1933 the water
level at the Bonney mine had dropped to 630 feet as the result of
continued drainage into the dewatered area. This further lowering
of the water table near the fringe of the dewatered area for at
least a year and a half after pumping was stopped implies a very
slow migration of ground water, and it may be a matter of years
before the normal water table in that vicinity is fully restored.* The
general period was one of subnormal precipitation, but this could
have accounted for only a small fraction of the lowering of the water
level.

All water for domestic use is brought from wells at Lordsburg,
as the mine waters are highly mineralized. The mine waters were
used in steam boilers at the FEighty-five mine, but they had to be
treated first. Future operations in the district may be confronted
with similar problems, and analyses of some of the mine waters are
therefore included here. The accompanying table shows the analyses
of samples collected from the 650- and 750-foot levels of the Eighty-
five mine when those were the lower levels of the mine. Samples
from the 1,650- and 1,950-foot levels contained hydrogen sulphide
and a little more than twice as much bicarbonate and calcium as
the samples represented in the table.

Analyses of mine waters from the Eighty-five mine, Lordsburg mining district

[Parts per million]

1 2
Tr0n (F@) - oo oo e e 1.5 0.1
Calcium (Ca)....... 110 123
Magnesium (Mg) 76 33
Sodium and potassium (Na+X) (calculated) ... .. 110 210
Bicarbonate (HCO3) 173 150
Sulphate (SO4)._.... - 617 695
Chloride (Cly-o- o ... 27 35

1. From 650-foot level (4,050 feet above sea level). Analysis furnished by Calumet & Arizona Mining Co.
Sample taken November 1919, Analyst, The Permutit Co., New York. i

2. From 750-foot level (3,950 feet above sea level). Analysis furnished by Calumet & Arizona Mining Co.
Sample taken January 1921. .

GEOLOGY
GENERAL SEQUENCE AND AGE OF THE ROCKS

The exposed rocks of the Pyramid Mountains consist chiefly of
volcanic necks, flows, and associated fragmental material belonging

40n Sept. 23, 1935, water at the Eighty-five mine stood at an altitude of 4,100 feet, -
still about 300 feet below the normal water table.
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to two groups of different age and character. An irregular stock of
porphyritic granodiorite intrudes the rocks of the earlier group
within the Lordsburg district, and both the stock and the-earlier rocks
are cut by several varieties of dikes that are separated from the later
volcanic rocks by a major unconformity. Magdalena (Pennsylva-
nian) limestone crops out at several places in the deeply eroded parts
of the range south of the district. _

The volcanic rocks of the younger group are part of the Tertiary
(Miocene?) lava field of the Mexican Highland and of the southern
volcanic lobe of the Colorado Plateau, but those of the older group
are believed to be of Lower Cretaceous age. Several thousand feet of
volcanic rocks of Lower Cretaceous age similar to those of the
older group of the Pyramid Mountains and having similar age
relations to intrusive bodies and’to Tertiary volcanic rocks are
present in the northern part of the Little Hatchet Mountains, the
next range south.> These Cretaceous volcanic rocks have been traced
northward as far as the low hills southwest of Brockman, and it is
almost certain that they and the earlier volcanic rocks of the Pyramid
Mountains are parts of the same formation. The granodiorite stock
of the Lordsburg district and the associated dikes, which are between
the two lava groups in age, are therefore, presumably, late Cretaceous
or early Tertiary. This is the age of many similar intrusive masses
in the southwestern United States. The following table shows the
sequence of the rocks and their chronologic relation to mineralization :

Formations in the Lordsburg mining district and in adjacent parts of thc
Pyramid Mountains ' .
Pleistocene :
Stream gravel and valley fill.
Unconformity.
Miocene (?): )
Flows, volcanic necks, and associated dikes, forming the main part of the
Pyramid Mountains. Chiefly quartz latite.
Breccia and tuff,
Unconformity.
Late Cretaceous or early Tertiary :
Faint mineralization in the quartz latite dikes and in some veins.
Quartz latite dikes and plugs and felsite dikes.
Veins of commercial importance.
Aplite and granodiorite porphyry dikes.
Granodiorite stock.
Lower Cretaceous:
Intrusive white rhyolite, forming volcanic necks.
Intrusive rhyolite breccia, filling volcanic vents, chiefly those occupied by
the earlier basalt breccia. The extrusive equivalent of this rock is
presént locally.

5Lasky, S. G:, Geology and orve deposits of the Little Hatchet Mountains, N. Mex.:
U. 8. Geol. Survey Bull. — (in preparation).
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BARLIER (LOWER CRETACEOUS) VOLCANIC ROCKS . 11

Lower Cretaceous—Continued.

Unconformity.

Upper basalt flows.

Basaltic tuff and breeccia, containing thin layers of rhyolite here and there.
May be the extruswe equivalent of the intrusive basalt breccia. Included
with the upper%salt flows on the geologic map.

Intrusive basalt breccia, filling voleanic vents.

Unconformity.

Lower basalt flows,

Unconformity.
Pennsylvanian :

Magdalena limestone. Crops out at a few places outside the area covered

by this report. '

EARLIER (LOWER CRETACEOUS) VOLCANIC ROCKS

BASALT

Augite basalt constitutes most of the rock exposed in the Lordsburg
district and extends southward under the Tertiary: lavas and asso-
ciated fragmental rocks. It has been separated into two map units
within the limits of the district, and these are designated on'the
geologic map (pl. 3) the lower and upper basalts.

The base of the lower basalt is not exposed, though the workings
of the Eighty-five mine penetrate this rock about 2,050 feet vertically.
The rock seems remarkably homogeneous throughout this thickness.
Nowhere was, any sign of flowage seen, nor does there seem to be
any general division into individual flows, though a little breccia is
included in the basalt near the Bonney and Misers Chest mines. The
rock is soft and easily eroded and is so extensively jointed that it breaks
into small angular pieces. It tends to be greenish on surface exposures
but is dark gray to black underground. It is characteristically
aphanitic, only a few minute laths of feldspar being megascopically
visible here and there, and contains a few phenocrysts of colorless
augite, generally less than 1 millimeter long, in a groundmass con-
sisting of a felt of labradorite laths (about Ang) among which are
scattered minute grains of augite and subordinate magnetite. The
average composition is estimated to be about 50 percent of feldspar,
35 percent of augite, and nearly equal amounts of glass and magnetite.
At some places the rock contains many quartz phenocrysts, presum-
ably foreign inclusions, each of which is surrounded by a ‘“fence”
of closely packed grains of augite. The topmost part of the forma-
tion in the northern part of the district, and much of it south of
Leitendorf, is finely porphyritic and purplish and contains several
percent of brown hornblende. The augite in this rock is quite fresh,
but each hornblende crystal has an alteratwn border of magnetite,
some hornblende being completely altered.
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The upper basalt occupies a band along the north side of the dis-
trict, and thin remnants of it cap a few of the hills in the vicinity of
Aberdeen Peak. To judge from its attitude and distribution, the
upper basalt once covered the whole district and has barely been
removed from the higher hills. The maximum thickness still. re-
maining is about 300 feet. The formation rests unconformably on
the lower basalt, its base being marked generally by a layer of
bedded tuff and fine breccia containing a few thin flows of rhyolite.
This layer is absent from some of the high points of the irregular
surface upon which it lies but reaches an observable thickness of
about 15 feet elsewhere. The bedding planes in it vary widely in
strike and dip and presumably reflect the topography of the under-
lying erosion surface, the relief of which seems to have been similat
to the present relief. A flow of tough shiny black basalt, about 30
feet thick and easily recognized by the rounded boulders into which
it weathers and by a skin of soft rust on the weathered surface,
generally overlies the breccia-tuff layer, forming part of the low
spurs east of Shakespeare Arroyo. This rock contains a few spo-
radic phenocrysts of olivine in a groundmass that consists of sub-

ordinate magnetite and nearly equal amounts of sodic labradorite -

and minute prisms of fresh augite in a residuum of glass. The
olivine phenocrysts range from 1 to 2 millimeters in length and are
variably altered to bowlingite (?) and magnetite. A hard slabby
flow-jointed rock overlies the olivine basalt and makes up the rest
of the formation. It is brownish gray and fresh-looking and con-
tains a few scattered grains of green augite, as much as 2 millimeters
in length, in an aphanitic, trachytic groundmass of glass, tiny grains
of magnetite, and sodic labradorite (Ans,).

Locally the basalt adjacent to the granodiorite stock, for a dis-
tance of 15 feet or less, differs considerably from the average rock.
It is slightly more crystalline and in general contains minute idio-
morphic crystals of biotite in a very fine grained mosaic of orthoclase,
oligoclase, and subordinate quartz. The original augite is repre-
sented by fibrous uralite. The rock in this zone contains thin indis-
tinct veinlets and irregular patches of orthoclase, quartz, and biotite;
and clusters of orthoclase and quartz have been seen in the basalt as
much as 90 feet from any visible granodiorite contact. At many
places the weathered rock in this border zone is hardly distinguish-
able from the adjacent granodiorite. These differences in the basalt
seem to be the result of metamorphism by solutions from the stock,
which tended to convert the basalt into a rock like the granodiorite.®

Chlorite is present throughout the basalt but is not prominent.
Epidote also is widespread; large parts of the lower basalt are im-

% Lasky, 8. G., Igneous assimilation and associated contact metamorphism in the
Virginia mining district, N. Mex.: Am. Mineralogist, vol. 20, pp. 552-561, 1935.
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EBARLIER (LOWER CRETACEOUS) VOLCANIC ROCKS 13

pregnated with it, and here and there this rock contains druses of
coarsely crystalline epidote and masses of epidosite. The fragmental
layer between the upper and lower basalts and the adjacent parts of
the lower basalt are more than half converted to epidosite at many
places.
INTRUSIVE VOLCANIC BRECCIAS

Plugs of volcanic breccia intrude the lower basalt at several places
in the district: The largest of them forms Atwood Hill and the
small hill to the southeast, and just across the railroad to the west is
a smaller mass that probably has a subsurface connection with the
plug at Atwood Hill. The total length is over a mile, and the aver-
age width 1s about 1,000 feet. A mile and a half to the southwest, in

590 Y s?o 1 1 2,(200‘ FEET

I1cure 2—Sketch map of the intrusive breccia at Atwood IHill, showing relation between
rhyolite (white) and basalt (black) breccias. «, Rhyolite; b, basalt.

secs. 11 and 14, are several other croppings that may be parts of
another large plug that was disrupted by later intrusions, and
smaller masses crop out at several other places. Dikes of the breccia
penetrate the surrounding basalt, and the Atwood Hill plug contains
included masses of basalt as much as 200 feet in diameter.

The larger plugs are made up of two distinct varieties of brec-
cia—black to green basalt breccia and later white rhyolite breccia.
(See fig. 2.) The smaller plugs generally consist of only one or
the other. The black breccia contains fragments of the lower mem-
ber of the basalt cemented by other basalt, together with frag-
ments of both these rocks, in a matrix that ranges from porphyritic
basalt to fine-grained breccia. The white breccia contains not only
individual fragments of the two rocks of the black breccia and of
the black breccia itself but also fragments of a distorted felsite and
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of a fine-grained breccia that in places forms a massive part of the
intrusives. The fragments of breccia range from minute particles
to pieces 3 inches in diameter, but there seems to be no regularity
* in the distribution of the different sizes.

The intrusive breccias nowhere cut the upper basalt, but bedded
material, identical with parts of the white intrusive breccia and
presumably derived from one of the breccia-filled plugs, caps slabby
upper basalt on Aberdeen Peak. Thin flows of rhyolité are inter-
bedded with the breccia, and identical rocks cap the hill to the
northeast on the Red Copper and Green Copper claims (pl. 4, B);
at that place, however, the upper 'basalt is missing, indicating
earlier erosion of that rock. Perhaps the older black breccia of
the plugs is the parent material from which was derived the frag-
mental layer between the lower and upper basalts; if so, the black
breccia is older than the upper basalt or equivalent to it, whereas
the white breccia is younger.

INTRUSIVE RHYOLITE

The intrusive rhyolite is a white porcelaneous rock, thoroughly
silicified and sericitized, that represents the latest episode of the
earlier volcanic period. Its original composition is unknown. The
largest outcropping mass in the Lordsburg area is in secs. 11 and 14,
south of the Anita mine, where the rock intrudes both basalt and
intrusive breccias. To the northwest, in sec. 10, are other crop-
pings that originally may have been part of this same rhyolite mass.
At the Green King mine, in the southeast corner of the district, lies
a smaller mass that also displaces some of the intrusive breccia.
Flow jointing can be seen here and there in these rhyolite masses,
and the rock is intricately and minutely flow-distorted in the dike-
like parts. All but one of the hills that rise out of the valley fill
near Gary siding and south of the highway consist chiefly of auto-
brecciated rhyolite, and two small bodies of rhyolite crop out in the
basalt hill north of the highway. (See pls. 1 and 4, 4.)

The present outcropping bodies of the rhyolite are believed to be
remnants of volcanic necks, and the general association of the rhyo-
lite with intrusive breccia, as shown on the geologic maps, suggests
that the lava sought an outlet chiefly through the same vents that
were open during the preceding active period.

LATE CRETACEOUS OR EARLY TERTIARY INTRUSIVES

PORPHYRITIC GRANODIORITE

An irregular stock of porphyritic granodiorite intrudes all the
rocks thus far described and is the principal host for the known ore
deposits. The rock is fairly uniform throughout the main part of
the mass but is darker and variably finer-grained in a thin local
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LATE CRETACEOUS OR BARLY TERTIARY INTRUSIVES 15

border zone and in the narrower apophyses. It is decidedly pink
and strongly porphyritic, though in the hand specimen the texture
seems nearly granitoid. The phenocrysts range from 1 to more than
5 millimeters in length and include oligoclase-andesine (Ang,), which
constitutes about 40 percent of the rock, a little quartz and pink
orthoclase, and about 8 percent of green hornblende and brown bio-
tite, bothi generally chloritized, distributed in a granitic intergrowth
composed of pink orthoclase and slightly less quartz. Titanic, apa-
tite, zircon, and magnetite, in part derived from hornblende and
biotite, are the accessory minerals.

The dark fine-grained border zone ranges from a fraction of an
inch to 20 or 25 feet in thickness and has been noted only where the
stock intrudes basalt. The rock in this zone contains much augite
and much more magnetite than is common to the main mass, and the
plagioclase is more calcic than the plagioclase in the rest of the rock.
These difterences have been interpreted as the results of partial
assimilation of the adjacent basalt.”

Small quantities of epidote are scattered throughout the grano-
diorite, but this mineral is much less abundant than in the basalt,
a condition that presumably reflects the relative quantities of iron-
bearing minerals in the two rocks.

GRANODIORITE PORPHYRY AND APLITE DIKES

As shown on the geologic map (pl. 3), the granodiorite stock has
many dikelike apophyses, but in addition to these, granodiorite por-
phyry dikes cut the stock and the surrounding rocks. The porphyry
dikes are mineralogically similar to the granodiorite of the stock,
though they are finer-grained and have a greater range in size be-
tween phenocrysts and groundmass. Some of them have been
mapped, but the time and care necessary to trace them out, par-
ticularly in the granodiorite, where contrast between dike and stock
is not great, made it impracticable to map them all.

Vague aplitic bands and a few distinct aplite dikes are present
here and there, but they are generally small, and none were mapped.
Some have glassy borders.

QUARTZ LATITE DIKES

Quartz latite dikes are prominent in parts of the Lordsburg dis-
trict, and a small plug of this rock crops out near the southeast
border. The dikes are generally long and narrow; one that averages
less than 40 feet in thickness extends without a break for nearly a
mile. Many of them line up to form strings of considerable length,
and 1t is possible that the dikes of a particular string have a subsur-

7 Lasky, S. G., Igneous assimilation and associated contact metamorphism in the
Virginia mining district, N. Mex. : Am. Mineralogist, vol. 20, pp. 552-561, 1935.
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face connection and are segments of an extremely long and thin
master dike. One such string, composed of seven major segments,
extends a distance of 8 miles across the full width of the district.
A few of the dikes are pronged, but generally they are simple tabu-
lar masses that ave strongly sheeted at the borders. Many have
been bleached white by hydrothermal solutions and given a tan color
by later oxidation. Others, less altered, are characteristically light
gray and are spotted with white phenocrysts of orthoclase and sodic
plagioclase, ranging from less than 1 to about 4 millimeters in length,
and minute pseudohexagonal spangles of brownish-green biotite in
a gray microcrystalline groundmass of quartz, orthoclase, and plagio-
clase. Quartz phenocrysts are common in places, and most speci-
mens contain rare phenocrysts of apatite and titanite.

The quartz latite dikes cut indiscriminately through all the rocks
thus far described but are older than the Miocene(?) volcanic rocks,
the basal breccia of which lies upon the eroded outcrop of one of
them. They are younger than the period of ore deposition but
were themselves later mineralized. One of them cuts directly across
the Emerald vein on the Jim Crow clalm and across the next vein
west, both of which contain the vein filling typical of the district.
The dike itself, however, is strongly sericitized and carbonated
throughout its course and is impregnated with pyrite. Farther east
one of the same string of dikes lies along a preexisting vein, but
the dike in turn is cut by veinlets of quartz, calcite, and fluorite
and is strongly sericitized and pyritized.

FELSITE DIKES

The term “felsite” is given to white silicified dikes, generally hav-
ing autobreccia borders, that are identical in appearance with the
rock of the intrusive rhyolite, though not of the same age. Nowhere
do they cut the rhyolite, but they are later than the granodiorite
and therefore must be later than the rhyolite. They are also later
than the veins, but their age relation to the quartz latite dikes and
to the Miocene (?) rocks is not known, though they are believed to
be earlier than the Miocene (?) rocks.

LATER (MIOCENE?) VOLCANIC ROCKS

Miocene(?) lavas and associated breccia and tuff make up the
main part of the Pyramid Mountains and evidently once covered
the entire area, though they have been almost completely eroded
from the Lordsburg district. They include a variety of rocks, but
no attempt was made to study them in detail.

The main mass of Miocene(?) rocks borders the Lordsburg dis-
trict at the south and east edges of Leitendorf camp, where the base
of the formation consists of rhyolitic volcanic breccia resting on an
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eroded surface of the Cretaceous basalt. The Leitendorf Hills, which
rise 500 feet above the adjacent country, are composed almost entirely
of this breccia, and the low hills rising out of the alluvium to the
northeast along the Animas road consist of the same material. (See
pl. 1.) The breccia is generally massive but contains some well-
bedded layers. It is light brown to white, the color depending upon
the proportion of volcanic ash to rock fragments. Locally the basal
part contains fragments of the older rocks and of the veins. The
formation is clearly of subaerial accumulation, and the general
paucity of ash suggests that it came from a nearby source.

The breccia is cut by several dikes, some of which are apophyses of
the volcanic neck that forms North Pyramid Peak, and lava from
that vent caps the small group of hills to the north, resting
unconformably on the breccia. The rock of the neck, dikes, and
flows is light chocolate brown and is erratically speckled with pheno-
crysts of white feldspar (sodic andesine) 3 millimeters or less in
length and slightly smaller spangles of shiny black biotite. The
groundmass 1s aphanitic and consists chiefly of plagioclase microlites
in a micropoikilitic intergrowth with quartz and subordinate ortho-
clase; it contains also a little glass and is sprinkled with considerable
magnetite and hematite dust, to which the color of the rock is due.
Dikes and flows of similar rock lie to the south, beyond the mapped
area.

« At the northwest end of the Leitendorf Hills the breccia contains

sills and dikes of flow-streaked obsidian, and obsidian float has been
seen elsewhere in the mapped area. South of Rock House Canyon
the breccia, which at that place is very ashy, is overlain by a rough-
surfaced quartz latite porphyry containing 30 to 40 percent of fine-
to medium-grained phenocrysts in a partly spherulitic groundmass
of purplish-brown glass. The phenocrysts consist of white plagio-
clase, glittering sanidine, quartz, thin books and flakes of hiotite, and
grains and clusters of magnetite.

Interlayered flows of andesite and beds of tuff cap one of the hills
north of Pyra siding, west of Lordsburg. The andesite is a spar-
kling gray to light-brown seriated porphyry and contains abundant
small phenocrysts of andesine, augite, and hornblende in a ground-
mass that is predominantly glassy.

STRUCTURE

ATTITUDE OF THE ROCKS

The Cretaceous basalt flows and associated fragmental rocks con-
tain no reliable features that indicate their general attitude. Dips
and strikes can be observed in the breccia-tuff patches and layers, but
they are erratic and seem to reflect only local details of the underlying
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surface. The best information is given by the attitude of the erosicn
surface upon which the formation mapped as upper basalt lies, but
even this information is of debatable value. Where still preserved
in the district, that surface now has 4 general slope to the north and
northeast of 400 to 500 feet to the mile, and the attitude of the over-
lying flows reflects this slope. The flows below the unconformity may
have a similar attitude, because it is unlikely that there was any
marked local deformation of the rocks in the interval between expul-
sion of the lower and upper basalts, but of this there can be no
assurance.

The plugs of intrusive breccias and of intrusive rhyolite fill vol-
canic vents through which at least part of the exposed rocks were
derived. One of these vents forms Atwood Hill and has a cross sec-
tion of about 0.2 square mile. It is several times as long as wide but
is hardly elongate enough to indicate a fissure eruption; rather it
seems to represent three subcircular vents in line and having direct
connections with one another. The workings at the Atwood (Alamo)
mine explore the south edge of this vent to a depth of 750 feet and
show it to dip inward at about 75°. (See pl. 22.) The detached
croppings of white rhyolite and intrusive breccias in secs. 10, 11, and
14 may originally have been parts of a second large vent, which was
torn apart by intrusion of the granodiorite, and if so this vent had a
cross section of nearly a square mile. The bodies of bedded breccia
on Aberdeen Peak and on the hill to the northeast may be parts of a-
cone that once surrounded this vent or cluster of vents. The breccia
dips at an average of about 30°, whereas the surface upon which it
rests dips only 5°, and the projected continuation of the beds up the
dip carries them toward the vent, which is only a mile away.

The granodiorite stock forms a horseshoe-shaped band that borders
the west side of the district, opening eastward. The continuous
exposed length of the band is 614 miles, and the average width is
about 1% miles, giving an exposed area of about 10 square miles.
Outliers, generally close to the main mass, are common and are par-
ticularly abundant on the inner side and ahead of the thin northern
horn of the horseshoe. They doubtless connect with the main mass
below the surface and suggest that the stock may be appreciably
larger at no great depth. The outline of the stock is fairly regular
in the southern part, but roof pendants or inclusions of country rock,
great embayments, and irregular apophyses into the surrounding rock,
encompassing masses of it at places, are common in the northern half.
The inclusions and pendants range from masses or residual roots less
than 50 feet across to blocks that have an average diameter of 1,000
feet or more, and many of the large embayments in the stock may be
the upper parts of masses pendent into it at greater depths. The
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Lee Peak

A. VOLCANIC NECKS EXTENDING ABOVE THE ALLUVIUM SOUTH AND EAST OF GARY
SIDING.

These hills consist chiefly of an auto-breccia of the intrusive rhyolite. Burro Mountains in the
distance. View looking eastward.

B. STEEPLY DIPPING BEDDED RHYOLITE BRECCIA CAPPING HILL NORTHEAST OF
ABERDEEN PEAK.

This rock is the extrusive equivalent of some of the intrusive breccia of Atwood Hill and other vents.
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position of other pendants or inclusions that have been removed by
erosion can be inferred from the presence of typical border-zone
granodiorite within the main part of the stock. The thickness of
this border-zone rock as noted underground and in arroyos cutting
across surface exposures averages less than 20 feet normal to the con-
tact, yet some outcropping areas of this rock cover thousands of
square feet. Nearly all these areas are adjacent to visible contacts.
Presumably they are flat-lying contact zones from which the overlying
basalt has been barely eroded, and the topographic surface at those
places is therefore essentially the original surface of the granodiorite.
These areas are so extensive in the northern part of the granodiorite
area that the present topography there may be taken as giving a gen-
eral picture of the original upper surface of that part of the stock.
Indeed, the whole northern horn of the stock must be near the top-

most part.
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I"1IGURE 3.—Map of the northern horn of the granodiorite stock, showing the probable
outline if only about 20 feet of eroded material were restored. Dotted lines show
present ocutline. Ir, Invaded rocks, .

Figure 3, which should be compared with the geologic map (pl. 3),
shows what the shape of the outcrop of the northern horn would be
like if only about 20 feet of eroded material were restored—that is,
just enough to cover the border-zone rock with basalt. Eighty-five
Hill is geologically, as well as topographically, the highest part of
the horn, and a consideration of the known contacts, as shown in
plate 13, suggests that not much more than 500 feet has been eroded
from that part, though dikes and chimneys doubtless extended much
higher. The central and southern parts of the stock have been eroded
to a much deeper core; the number of outliers gradually lessens south-
ward, and the number of pendants or inclusions, observable or
inferred, also lessens until they are apparently absent in the southern
part, and the contacts in that part are much more regular.
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Plate 5 shows the possible general shape and size of the stock in
depth, as inferred from the distribution of outliers and from an
apparent spatial relation of faults to the observed outline. The
main group of faults follows the northern horn of the stock, another
group follows a set of outliers distributed south and ahead of this horn,
and a third, minor group lies along the outer edge of the southern
horn. The outliers followed by the second group presumably join
the main mass below the surface and may well be the upper points
of an intrusive ridge that forms the inner edge of the northern horn,
as shown in plate 5. A fourth group of faults lies parallel to
the inner side of the southern horn, though some distance away, and
if the other three groups are definitely oriented along the borders

. of the stock, as suggested, then this fourth group may be inferred
to mark the position in depth of the inner side of this horn. The
final picture that one obtains of the stock is therefore a mass, roughly
square and about 4 miles on a side, having a deep embayment on
the east and surmounted by a ridge that follows the other three
sides and gradually rises to the south. The shape is that which

would be obtained if one were to clasp the right fist with the left '

hand, keeping the left forefinger and thumb above the level of the
fist.
FAULTS

The faults of the Lordsburg district are largely confined to three
zones, the strongest of which extends eastward through the Anita,
Henry Clay, and Atwood mines. (See pl. 3.) A second zone, in
which lie the Eighty-five, Bonney, and Misers Chest mines, extends
southwestward from the east end of the first zone, and a third, more
diffuse zone, containing only a few nonpersistent members, lies south
of Aberdeen Peak. These faults fall roughly into two sets, one trend-
ing eastward and the other northeastward, although, as shown by
figure 4, there is no real break between the two sets. Members of
each set join members of the other and change in strike along their
course from one set to another, and members of each set have short
spurs of the other extending from them. A few faults trend north-
ward. These include late faults that slightly offset some of the main
ones and also the short breaks that link together the eastward-
trending faults of the Anita-Atwood zone. The two main sets have
dips on both sides of the strike at angles between 45° and 90°, though
they are predominantly steep. The strike and dip of many of the
faults vary within wide limits, and moderate changes of strike and
dip are common. These changes bear no apparent relation to fault
junctions nor to changes in rock formations.

Nearly all faults originated prior to the period of ore formation,
and they furnished the channels for the ore-bearing solutions. Many
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of them have bold, wall-like siliceous outcrops, but many others, hav-
ing less quartz or less strongly silicified walls, could be traced only
with difficulty were it not for the many prospect pits along them.
Most of those having prominent outcrops belong to the eastward-
trending Anita-Atwood set, and this led to the local belief that the
eastward- and northeastward-trending faults are of different ages.
The fault pattern indicates, however, that these sets originated at the
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Ficure 4.—Direction and amount of dip of the faults of the Lordsburg mining district.
Lines extending through the circle indicate vertical dips. The chart shows directly
the amount and direction of dip and therefore indirectly the relation between dip and
strike.

same time, and consequently the general prominence of the outcrops of
one set implies nothing more than that the faults of that set were
more permeable at a time when the mineralizing solutions were highly
siliceous. (See pp. 30-41.) A few faults, however, originated later
than the others, for they distinctly break veins that contain most of
the mineral suite, whereas they themselves are either barren or carry
only minor amounts of the latest minerals. Here and there one of
them offsets a prominent vein outcrop a few feet or marks it with
slickensides, but generally they have no surface expression.
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Movement along the faults recurred spasmodically several times
while the vein filling was being deposited, four episodes being shown
by the brecciated and recemented minerals. Post-ore movement oc-
. curred along all faults, and the quartz latite and felsite dikes indi-
cate an additional episode of fracturing subsequent to the ore-form-

ing period, giving at least six stages of reopening. As described

in the section on ore deposits, the mineral deposition that accom-
panied each reopening of the veins was different from that of each
preceding stage; consequently the position of the openings formed
during each stage of movement can be inferred from the distribu-
tion of the different varieties of vein matter, because the vein filling
indicates the openings that existed at the time of deposition. Plate
13 shows this distribution in as much detail as possible for the
Emerald vein. The general impression is that the openings pro-
duced during one stage of faulting were in large part independent
of those produced during any preceding stage, although at places
there is a rough conformity. Most outstanding is the nearly iden-
tical position of the trunk openings of each stage, as shown by the
coincidence of the roots of the mineralization shoots of the different
stages. The two deeply penetrating prongs of supergene alteration,
which presumably lie along channelways of very easy circulation
opened by post-ore movement, coincide closely with the position of
earlier openings, and on the lower levels of the mine the planes of
the post-ore faults seem to coincide almost exactly with those of the
two preceding stages of movement.

Movement occurred along all fissures, as proved by the presence
of gouge and breccia and of fault striae, but only at the Eighty-five
mine has it been possible to determine the direction and amount of
movement with any degree of satisfaction. At that mine the net
cumulative displacement of all recurrent movements along the Em-
erald fault hardly exceeds 150 feet and is nearly horizontal, the hang-
ing wall having moved southwestward, as indicated by the position of
the granodiorite and basalt contacts in the two walls of the fault.
(See pl. 13.) The walls are marked by nearly horizontal grooves
as much as 114 feet deep and 4 feet across. The flat-lying boundaries
of the mineralized shoots along this fault, as shown in plate 13
(oversheet), imply that the most permeable channelways along it
were flat to a considerable degree, and this attitude may be a re-
flection of the horizontal movements. Deep, nearly horizontal
grooves also mark the walls of the Bonney vein, in the same vein
zone, but nothing there indicates the amount of displacement.

The general pattern of the eastward-trending Anita-Atwood fault
zone suggests that the main members of that zone also may have<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>