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Mica Deposits of the Petaca District

Rio Arriba County, New Mexico

WITH BRIEF DESCRIPTIONS OF THE 0JO CALIENTE
DISTRICT, RIO ARRIBA COUNTY, AND THE ELK
MOUNTAIN DISTRICT, SAN MIGUEL COUNTY

By
RICHARD H. JAHNS

INTRODUCTION

GENERAL STATEMENT

Wartime increases in demand for mica of strategic quality,
beryllium, tantalum, columbium, tin, lithium, and uranium have
focused attention on pegmatite deposits more sharply during
recent years than ever before. Not only have numerous techni-
cal developments of the past few decades involved new uses for
these commodities, but during the recent period of emergency
these and other uses were greatly expanded. The attendant rapid
increases in demand and a heavy dependence on foreign sources
of supply soon confirmed the need for a careful appraisal of
domestic resources of the minor pegmatite minerals. This need
had been foreseen prior to 1939, when the Federal Geological
Survey began a program of pegmatite investigations that at-
tained nation-wide scope by the spring of 1942.

Pegmatite deposits in the Petaca district of northern New
Mexico have been sources of commercial mica since the seven-
teenth century, and some of the mines may well represent the
oldest systematic operations for sheet mica in this country.
Although an irregular but appreciable production of sheet,
punch, and scrap mica has been maintained to the present time,
little has been recorded concerning the geology of these deposits,
the distribution and richness of mica concentrations within them,
or their potentialities for future production of mica and other
pegmatite minerals. A helpful background of general geology
has been provided for the district by Just,! and several of the
mines were briefly examined and described by Holmes? in 1899,

! Just, Evan, Geology and economic features of the pegmatites of Tao: d Ri i
counties, New Mexico: N. Mex. School of Mines, State Bur. Mines and Min. SR:: Bulll(.J I%rrg;:
9-14,2 4%[2—510, 1933'7.A M d b ’

olmes, J. A., Mica deposits in the United States: U. S. Geol. Surve , 20th Ann. R
pD. T06-707, 1899. 7 no. Hept,

11
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FIELD WORK 13

by Sterrett?® in 1923, and by Just* in 1937. At no time, however,
have all the more promising deposits been examined, and no
geologic map of any mine in the district has been available
heretofore.

The attention of the Geological Survey was turned toward
the Petaca district in the fall of 1943, when a comprehensive pro-
gram of pegmatite mapping and examination was begun. De-
tailed mapping, structural correlation, and mineralogic study
demonstrate that the occurrence of mica and other minor con-
stituents in the pegmatites follows certain rules and that a work-
ing knowledge of these rules can be applied to prospecting,
evaluating, developing, and mining the deposits.

The Petaca pegmatites are remarkably consistent in their
physical and mineralogical features, and appear to have a com-
mon origin. This is in accord with recent findings elsewhere in
this country and in South America by members of the Geological
Survey and others; their work has shown that most pegmatites,
though erratic and unpredictable in detail, obey certain rules and
within a given district or area can be analyzed and classified in
much the same manner as many other mineral deposits. Al-
though such classifications are basically empirical, they appear
to be sound from both theoretical and practical standpoints, and
tend to confirm the objections of some geologists to strong empha-
sis on the irregularity of pegmatite deposits with little or no
recognition of broad consistencies that might be present.

FIELD WORK AND ACKNOWLEDGMENTS

The study of the Petaca and Elk Mountain districts was
made intermittently during the period August 1943 to June 1944,
and supplementary investigations were made in the Petaca and
Ojo Caliente districts during the period September-November
1944. One hundred and seven deposits were studied in detail,
of which 43 were mapped. Mapping generally was done on
scales of 20 feet and 50 feet to the inch, but a few deposits were
mapped on scales of 40 feet and 100 feet to the inch. Surface
control was established with plane table and telescopic alidade.
Underground control in large mines was established with sight
alidade, tape, and hand level; in small mines with compass and
tape. A transit was used in a few places where superior accuracy
was needed.

Throughout the studies emphasis was placed upon subdivi-
sion of the pegmatites into mappable units of differing texture
and mineralogy, and upon the recognition and interpretation of
structural features, both in the pegmatites and in adjacent coun-

3 Sterrett, D. B., Mica deposits of the United States: U. S. Geol. S Bull.
158160 1958, €0) urvey Bull. 740, pp.
4 Just, Evan, op. cit., pp. 63-69, 1937.
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try rock. In general, each pegmatite or pegmatite group and
the immediately adjacent area were mapped, and detailed maps
of several larger areas were prepared to show the structure of
the country rock and the relations of other pegmatites and quartz
veins to deposits of commercial interest. TField studies were sup-
plemented by analyses of production records and mining costs
for the few deposits where such data were available. Labora-
tory studies of feldspars and accessory minerals were made in
offices at Petaca, New Mexico, and Asheville, North Carolina.
Four hundred sixty-five crushed samples of material and 11 thin
sections were examined.

The writer was assisted by E. Wm. Heinrich during the
period August-December 1943, by L. A. Wright from October
1943 to June 1944, and by W. P. Irwin during the periods
August-December 1943 and June-July and September-November
1944. These men participated in the instrument work, mapping,
and examination of deposits. Immediate responsibility for the
representation of geology and topography is indicated on each
map published in this report, although final responsibility for
all maps must be assumed by the writer. Irwin collaborated in
the preparation of most of the illustrations, and Heinrich drafted
the map and section of the Alma deposit and much of the three-
dimensional diagram of the Lonesome deposit. Those descrip-
tions of deposits to which Heinrich, Wright, or Irwin were pri-
mary contributors are appropriately designated in the text.

The recent studies of domestic mica deposits have been con-
ducted in close cobperation with the Colonial Mica Corporation,
agents for the Metals Reserve Company. E. J. Wemlinger, dis-
trict manager assigned to the Santa Fe office, furnished much
important information concerning production, quality, and
- processing of New Mexico mica, and his many personal kind-
nesses are gratefully acknowledged. H. M. Bannerman, W. T.
Schaller, and James Gilluly of the Geological Survey, who visited
the area during the fall of 1943, discussed many of the problems
and contributed helpful ideas and suggestions. C. H. Johnson
and R. J. Holmquist of the Federal Bureau of Mines were most
generous with information they had obtained during their pre-
vious studies in the district, and their friendly codperation
during the course of Bureau of Mines exploration at the Apache
and Elk Mountain deposits is greatly appreciated. Professor Ian
Campbell of the California Institute of Technology made avail-
able the laboratory equipment that was used in the Petaca office.

The mine owners and operators in the district have provided
production data and have facilitated the investigations in many
other ways. The writer is especially grateful to Gabino Alire
and Joseph Veseley of Petaca; Charles Besre of Tesuque; Frank
Gallegos, Manuel Griego, Juan Trujillo, and Alberto Trujillo of
La Madera; Elwood Romney and R. L. Schneider of Santa Fe;
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Philip S. Hoyt of Van Horn, Texas; Joseph M. Maestas of Valle-
citos; U. Leon Guy and Jay Stearn of Las Vegas; and Joseph A.
Stanko and Joe Thompson of Los Angeles, California. It is also
a pleasure to acknowledge the many personal kindnesses of
Messrs. Romney and Schneider.

The active codperation of John M. Kelly, formerly Director
of the State Bureau of Mines and Mineral Resources, and A. D.
Hahn and E. C. Anderson, his successors, aided considerably in
the preparation of the report and expedited its publication. The
manuscript was examined and criticized by E. N. Cameron, A. H.
MecNair, and J. B. Mertie, Jr., of the Geological Survey, and the
general discussion of mica was critically reviewed by Bradley
Johnson and W. J. Alexander of the Colonial Mica Corporation,
Asheville, North Carolina. The writer is further indebted to
Ida M. Morgan and Frances H. Jahns for able assistance in the
preparation of the manuscript. '

BIBLIOGRAPHY

The reports and papers listed below are those that contain
specific mention of the Petaca district or some mine or deposit
within it. Publications less directly concerned with the district
are recognized in footnote form within the text.

1899. HorMES, J. A., Mica deposits in the United States: U. S. Geol. Sur-
vey, 20th Ann. Rept., pp. 691-707. Discusses geology of mica de-
posits and properties of mica, and briefly describes the Cribben
(0ld Cribbenville) mine and others in the Cribbenville district.

1904. Jonms, F. A., New Mexico mines and minerals (World’s Fair Edi-
tion) : Santa Fe, New Mexico, 349 pp. Includes a brief summary
account of geology and ore deposits of New Mexico, a list of New
Mexico minerals, and a historical account of mica occurrences and
Sggdz%clt)ion in Mora, Rio Arriba, and Santa Fe counties (pp.

1910. LINDGREN, WALDEMAR, The hot springs at Ojo Caliente and their de-
posits: Econ. Geol., vol. 5, pp. 22-27. Describes hot-spring deposits
in the Ojo Caliente-La Madera area.

1913. STERRETT, D. B., Mica in Rio Arriba County, New Mexico: U. S. Geol.
Survey Bull. 530, pp. 383-388. Describes several mica deposits in
the Petaca and Ojo Caliente districts.

1923. STERRETT, D. B., Mica deposits of the United States: U. S. Geol.
Survey Bull. 740, 342 pp. Includes a general discussion of geology,
mineralogy, and mining of mica deposits, as well as a description
of the Cribbenville, American (Coats), Globe, and Antonio Joseph
deposits, Rio Arriba County (pp. 158-164).

1925. Hgzss, F. L., The natural history of the pegmatites: Eng. and Min.
Jour., vol. 120, pp. 289-298. Briefly discusses mineral paragenesis
of some Petaca pegmatites.

1930. Hgss, F. L., and WELLS, R. C., Samarskite from Petaca, New Mex-
ico: Amer. Jour. Sci., 5th ser., vol. 19, pp. 17-26. Describes the phy-
sical and chemical properties of samarskite from the Fridlund mine
and discusses possible interpretations.
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1933. HEss, F. L., The pegmatites of the western states, in Ore deposits of
the western states (Lindgren volume): Amer. Inst. Min. and Met.
Eng., New York, pp. 526-536. Discusses pegmatite genesis and
mentions Petaca pegmatites in this connection.

1937. TALMAGE, S. B., and WooTrToN, T. P., The non-metallic mineral re-
sources of New Mexico and their economic features: N. Mex. School
of Mines, State Bur. Mines and Min. Res. Bull. 12, pp. 113-117.
Briefly discusses the general features and uses of mica and de-
zcril:best several mica deposits in the Petaca, Ojo Caliente, and other
istriets.

1937. Just, EVAN, Geology and economic features of the pegmatites of
Taos and Rio Arriba counties, New Mexico: N. Mex. School of
Mines, State Bur. Mines and Min. Res. Bull. 13, 73 pp. Describes
the general geology and many of the pegmatite deposits of the
Petaca and Ojo Caliente districts. An areal geologic map and
sections are included.

1942. NORTHROP, S. A., Minerals of New Mexico: Univ. of N. Mex. Bull.,
Geol. Ser., vol. 6, no. 1, 387 pp. Records occurrences of mica and
other pegmatite minerals in New Mexico; includes bibliography.

1946. HEINrRICH, E. WM., and JAHNS, R. H., The accessory minerals of the
Petaca pegmatites, Rio Arriba County, New Mexico: in prepara-
tion. Describes the accessory mineral suite of the Petaca pegma-
tites and discusses its general significance.

1946. WRIGHT, L. A., The Globe pegmatite, Rio Arriba County, New Mex-
ico: in preparatlon Describes the mineralogy and structure of a
typical large pegmatite of the Petaca district.

PHYSICAL FEATURES

The Petaca district lies west of the Rio Grande near the
eastern edge of Rio Arriba County, and is approximately 55
airline miles north of Santa Fe, 25 miles west of Taos, and 35
miles south of the Colorado-New Mexico state line. It occupies
a part of the pre-Cambrian mass that lies between basalt-capped
table-land to the east and higher plateau country underlain by
sedimentary rocks to the west. The area of pre-Cambrian rocks
is a rugged southward continuation of the San Juan Mountains
of Colorado, and consists of a deeply dissected plateau sur-
‘mounted by prominent mountain masses. The chief remnant of
the old plateau surface is Jarita Mesa, which extends south-
southeast from Kiawa Mountain between the Rio Vallecitos and
the Tusas River (see Plate 1). This surface, which is at alti-
tudes between 8,200 and 9,100 feet, slopes gently to the south-
east and appears to be in accord with the general surface of the
mesa land that lies to the east and southeast. Beneath these
surfaces is a wide variety of rocks whose structure is locally
very complex.

The pegmatite district occupies an area of about 60 square
miles. It extends 15 miles north-south and an average of 4 miles
east-west. It is bounded on the east by the Tusas River and on
the west by the steep east slope of the Rio Vallecitos Valley.
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These streams flow southward and southeastward to join at La
Madera, whence the drainage (Caliente River) is southward
into the Rio Grande via the Chama. The drainage pattern in the
Petaca district is markedly asymmetrie, with tributaries of the
Tusas extending west and northwest far into the upland to form
a broken country of rather deep canyons, steep slopes, and local
high-level flats. It is in this rough terrain that most of the mica
deposits occur. A somewhat lower, more gently rolling area, in
which the older rocks are thinly and irregularly veneered by
Tertiary volcanic rocks and sediments rich in volcanic material,
lies immediately west of the Tusas River. This area increases
in width from a mile or less north of the village of Petaca to
214 miles between Petaca and La Madera. The altitude of Kiawa
Mountain, the highest point in the district, is more than 9,500
feet, and still higher country lies outside the district to the north-
_west. Other prominences near the district are the Ortega Moun-
tains, which are west of the Rio Vallecitos, and La Madera
Mountain, which is south-southeast of La Madera. The lowest
point in the district, the Caliente River at La Madera, is 6,400
feet above sea level.

The Tusas and Vallecitos Rivers, and segments of their prin-
cipal tributaries, are perennial streams; all others are dry
through most of the year. Kiawa and South Kiawa lakes occupy
shallow natural depressions on Jarita Mesa, and several springs
also are reliable sources of water in the otherwise dry upland
country. The flow of some intermittent streams is stored in
earth-dammed tanks for the use of cattle and sheep. Most of
the precipitation, which probably is less than 25 inches per year,
occurs as thunder storms in the late summer and as snow in
winter. The depth of snow at altitudes above 8,000 feet is a foot
or more for several weeks during most winters. The summer
climate is generally mild, with warm days and cool nights; win-
ter temperatures are seldom extreme, although sub-zero readings
are common in the mountains. The lower parts of the district
are covered with a thick growth of pifion, scrub oak, and many
desert plants. Cottonwoods flourish along the streams. Above
7,300 feet the precipitation is great enough to support large open
stands of yellow pine and spruce. Aspen is also common above
8,500 feet.

The entire district, which is very sparsely settled, lies within
the Carson National Forest, but there are several small, irregular
land-grant areas that are not under Forest Service jurisdiction.
These grants lie along the narrow valley bottoms, and most of
their fertile but stony soil is tilled for corn and other field crops
by the Spanish-American inhabitants. The villages of Las
Tablas, Petaca, Servilleta Plaza, La Madera, Ancones, and Valle-
citos are little more than local concentrations of farmhouses,
although some were once centers of mining and lumbering. The
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town of Cribbensville, a busy mining settlement 50 years ago,
has been deserted for years and its buildings were long ago dis-
mantled. Grazing, lumbering, and mining are permitted within
the National Forest; the former two activities are closely super-
vised. One sawmill is now in operation.

A narrow-gauge branch line of the Denver and Rio Grande
Western Railroad once served the district at La Madera, where
it connected with lumber railroads from the Ortega Mountains
and the valley of the Rio Vallecitos. After this branch was
abandoned in 1931, a 15-mile truck or wagon haul from La
Madera to Taos Junction, or a 13-mile haul from Petaca to Tres
Piedras, was necessary to reach the Alamosa-Santa Fe narrow-
gauge line of the same railroad. This line was abandoned in
1941, so that the nearest railroads are now the Denver and Rio
Grande Western standard-gauge line at Antonito, Colorado, and
the Santa Fe Railway at Santa Fe. The truck haul from La
Madera to Antonito is 68 miles over State Route 110 and U. S.
285, both gravelled roads, with an additional 11 miles for goods
originating at Petaca. The Forest Service plans to improve the
Petaca-Las Tablas-Agua Canyon road (see Plate 1), however, so
that it will be possible to haul from Petaca directly to Tres
Piedras and Antonito, thus shortening the Antonito-La Madera
distance to 56 miles and the Antonito-Petaca distance to 45 miles.
The southern rail cutlet, at Santa Fe, can be reached from La
Madera over 26 milcs of State Route 110 and U. S. 285 (both
gravelled roads) and 34 miles of the paved U. S. 84.

Until recently vehicular transportation within the Petaca
district was not reliable, particularly during or immediately after
periods of wet weather. A graded and gravelled road to connect
Petaca with La Madera was started by the Civilian Conservation
Corps and completed by the Forest Service in 1943 ; this is State
Route 111. Subsequent completion of all-weather roads to sev-
eral mines now permits ready access to many parts of the dis-
trict. Numerous ungraded roads, some irregularly maintained
and others nearly impassable, serve most of the remaining mines.
These routes of travel are shown in Plate 1, where an attempt
has been made to draw practical distinctions between roads of
different characteristics.



GEOLOGY

PRE-CAMBRIAN ROCKS
QUARTZITE AND QUARTZ-MICA SCHIST

Quartzite and quartz-mica schist constitute the most widely
exposed geologic units in the Petaca district. These rocks under-
lie Jarita Mesa and much of the rough country to the east, and
are also prominent to the north and west. Within the district
they form such eminences as Kiawa Mountain, Big Rock, and
Persimmon Peak (Plate 1). The most readily recognizable rock
is white to bluish-gray quartzite that is nearly pure and com-
monly is massively bedded. This is the Ortega quartzite of Just,’
who named it from excellent exposures in the Ortega Mountains.
It is also well exposed on Kiawa Mountain, locally on the table-
land east of the Kiawa mine, and in the vicinity of Ancones.
Much more common in the Petaca district are gray to buff-colored
micaceous quartzite and quartz-mica schist. These rocks, which
range from thin-bedded nearly pure quartzite to fine-grained
thinly foliated mica schist, have been termed the Petaca schist
phase of the Ortega quartzite by Just.® Much of the micaceous
rock is platy to slabby, and forms irregular outcrops on Jarita
Mesa and in the areas east and southeast of the mesa.

The Ortega quartzite is vitreous and hard where relatively
pure, but local feldspathic phases are sugary. It is rich in coarse
magnetite where exposed in cliffs along the Tusas River Canyon
4 miles south of Petaca. Several other mineralogic variations
have been noted, but these appear to be the effects of igneous
activity and hence are discussed in the section on pegmatites.
The lithology of the Petaca schist varies according to its mica
content. With increase in the proportion of mica, most of which
oceurs as thin flakes /46 to 14 inch in diameter, the rock tends
to be more thinly and strongly foliated, and silvery to greenish
gray in color. Some layers are very feldspathic, and local con-
glomeratic horizons are present. Just” reports conglomerate at
several localities and mentions pebbles consisting of white quartz,
jasper, and black chert. Several thin lenses of conglomerate are
exposed along the Apache Canyon road 1.2 miles west-southwest
of Petaca, where they contain pebbles of red and white quartz
and rhyolite. :

Individual beds and thick groups of beds commonly grade
along their strike from vitreous quartzite to mica-rich schist;
such relations are especially clear in the rough country immedi-

5 Just, Evan, Geology and economic features of the pegmatites of Taos and Rio Arriba
counties, New Mexico: N. Mex. School of Mines, State Bur. Mines and Min. Res. Bull. 13, p.

43, 1987, .
- 8 Just, Evan, idem, 1937. 7 Just, Evan, idem, 1937.
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ately west of Petaca and in the vicinity of the Kiawa mine. Aec-
cording to Just,® “The fact that the schist is restricted to the
pegmatite area near the Tusas granite and the abrupt transition
along the strike of a considerable thickness into typical Ortega
quartzite suggest that the entire schistose phase owes its devel-
opment to the granite intrusion, the granite having provided
the materials and possibly the physical conditions that permitted
the formation of schist. In the vicinity of the granite a more
definitely recognizable contact zone is apparent. . . The Petaca
schist should not be regarded as a separate member of the Ortega
quartzite for purposes of correlation with other areas.” The
writer agrees with this conclusion and interprets most of the
feldspar and mica as products of solutions related to nearby
masses of granite and pegmatite. There was no opportunity
during the present investigation to check the evidence for wide-
spread introduction of these materials into the quartzite, but
rather compelling evidence has been obtained around each peg-
matite or group of pegmatite bodies.

The schistosity of the quartzite and related rocks is generally
easy to recognize, especially on weathered surfaces. It strikes
north-northwest to northwest, and dips west-southwest to south-
west at low to moderately high angles through most of the area,
although local variations are common. Broad structural varia-
tions appear to occur in several areas, notably between Las
Tablas and Kiawa Mountain. Just? tentatively interprets the
structure of the entire area as a series of large-scale, relatively
tight folds that trend roughly east, but he also points out that
detailed study would be necessary to test this intepretation ade-
quately. No evidence incompatible with Just’s interpretation
was seen during the course of the present investigations.

Fracture cleavage, tightly compressed drag folds, and relics
of cross-bedding are present in many exposures, and serve as
clues to the orientation of the beds. They are not sufficiently
common, however, for a reliable determination of the large-scale
structure. Most of the minor structures in the area between the
Apache and La Jarita mines (Plate 1) suggest a large-scale
overturning of the beds, but their interpretation is beyond the
scope of this report. Bedding is commonly conformable with the
schistosity, though it is cut by the schistosity at small but dis-
tinct angles in many places where both structures are clearly
discernible. Marked discordance is evident wherever the crests
or troughs of folds can be seen. The apparent thickness of the
quartzite sequence is reported as between 4 and 5 miles,’® but
estimates of true thickness must await a more satisfactory
structural diagnosis.

8 Just, Evan, idem, 1937.

9 Just, Evan, op. cit., pp. 40-42, 1937.
0 Just, Evan, op. cit., p. 43, 1937.



PRE-CAMBRIAN ROCKS 21

AMPHIBOLE SCHIST

Dark greenish-gray to black amphibole schist is interlayered
with the quartzite and quartzitic schist in many places, and com-
poses much of the pre-Cambrian terrane northwest of the Petaca
district. Schists rich in amphibole are present at the Kiawa
mine, a mile west of the Kiawa mine, between the Alma and Lone
Wolf deposits, west of the Cribbenville area, in a structurally
complex area 1.5 miles northeast of La Madera, and elsewhere.
Such rocks, whose outcrops range from 1 foot to 230 feet in
breadth, are conformable with the adjacent quartzitic rocks and
should be helpful in deciphering the structure of the pre-Cam-
brian rocks. These schists probably represent metamorphosed
fows of andesite or basalt, and Just!! notes recognizable rem-
nants of amygdules and phenocrysts. The rocks are composed
chiefly of dark-green hornblende, much of which has been altered
to chlorite. Plagioclase, epidote, and magnetite are common
accessory minerals.

OTHE% SCHISTS

Other schistose rocks, distinguished chiefly by their rela-
tively high content of alumina, are interbedded with the quartzite
and quartz-mica schist. Most are brown to gray thinly foliated
schists that contain andalusite and staurolite. They appear
locally on Jarita Mesa, north of Goodge Sawmill, and in the
vicinity of La Madera, but are poorly exposed and constitute a
very small part of the section.

META-RHYOLITE

Interlayered with other pre-Cambrian rocks are several
thick units of flesh-colored to deep-red rocks to which Just? has
given the name Vallecitos rhyolites. They are well exposed im-
mediately southwest of the Cribbenville area, along the upper
part of the steep east slope of the Rio Vallecitos Canyon, and at
several places on Jarita Mesa. These rocks, which consist of
volcanics and interbedded sediments, are schistose and locally
difficult to distinguish from members of the quartzite sequence.
According to Just®® their classification as rhyolite (with subord-
inate trachyte) is based chiefly on their flow-banded structure,
aphanitic ground-mass, phenocrysts of quartz and orthoclase,
and interlayering with the other pre-Cambrian rocks on both
large and small scales. The maximum apparent thickness of
the meta-rhyolites is about 3,500 feet.

1 Just, Evan, op. cit., p. 44, 1937.
12 Just, Evan, idem, 1937.
18 Just, Evan, idem, 1987.
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GRANITE

A fine- to medium-grained pre-Cambrian granite, called the
Tusas granite,* is exposed in the vicinity of Las Tablas, where
}t forms steep cliffs along the west side of the Tusas River. It
is a part of a large intrusive mass that is irregularly exposed
northwest of Kiawa Mountain, as well as at Tres Piedras to the
northeast, but is mostly covered by younger rocks. The granite
varies widely in mineralogy and texture, but in the Petaca dis-
trict it is consistently gray to pink and nonporphyritic. It con-
sists chiefly of quartz and microcline, with subordinate amounts
of plagioclase and biotite, and locally a little magnetite. A sugary
texture is common. Faint planar structures in the granite are
due to the alignment of biotite flakes and a barely perceptible
interlayering of biotite-bearing and biotite-free laminae. These
structures are parallel to the surface trace of the granite-country
rock contact, and in general are conformable with the foliation
of the adjacent country rock.

The intrusive contact zone is well exposed. It trends north
to north-northwest, is at least 1,500 feet wide, and shows a broad
transition from massive-bedded faintly foliated slightly felds-
pathic quartzite to granite whose color, texture, and structure
are not markedly different from that of the quartzite. The grains
of quartz and feldspar in the granite are distorted, sheared, and
locally corroded. Within the contact zone, layers of granite and
giant inclusions or septa of altered quartzite commonly alter-
nate. Much of the country rock has been impregnated with feld-
spar and locally with biotite, and all of the granite appears to be
contaminated with country-rock material. Numerous partially
digested inclusions are oriented parallel with the contact and
with the foliation in the granite. These range from a few inches
to many tens of feet in width, and the largest are at least 2,000
feet long. The unusual width of the contact zone may well be
due to the gentle westward dip of the contact. As suggested by
Just,’ this would bring the granite to shallow depths beneath
the country rock as well as to the east of it at the surface.

The relations in the Las Tablas area indicate that the granite
tore off fragments of country rock in some places, insinuated
itself between easily split masses in others, and developed an
intricate composite of country rock and intrusive material
throughout the contact zone. Partial to complete digestion of
the invaded rock further confused these relations. Immediately
west of the contact zone the quartzite has been impregnated
with feldspar. Introduction of mica, on the other hand, took
place at a considerable distance from the contact zone. As the
distribution of mica is more immediately related to that of quartz
veins and pegmatites, it is discussed in a later section.

¢ Just, Evan, op. cit., pp. 44-46, 1937.
15 Just, Evan, op. cit., p. 45, 1937.
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PEGMATITES AND VEINS

Pegmatite bodies and quartz veing can be seen in almost
all areas where pre-Cambrian rocks are exposed. Their relative
abundance between the latitudes of Las Tablas and Ancones is
reflected by the distribution of mica mines (Plate 1). Pegma-
tites are rare north and northwest of the Kiawa mine and are
uncommon between La Madera and the Ojo Caliente district to
the south. Both pegmatites and veins are present in the granite
and in the quartzite and associated metamorphic rocks, but are
structurally different in the two rock environments.

The Petaca pegmatites can be divided as follows into three
general groups, each of which is structurally distinct from the

others.

1. Pegmatite bodies in granite.
These pegmatites are small, irregular, and discontinuous.
They commonly are homogeneous and mineralogically
simple, and in general are of no commercial importance.

9. Sills and strike dikes in the metamorphic rocks.
Pegmatite bodies that lie parallel to the trace of the
foliation in the metamorphic rocks may be wholly con-
formable in three dimensions (sills) or they may cut
the foliation of the country rock in section (strike
dikes). They tend to be continuous, but are irregular
in detail. Their length is characteristically many times
their ‘width. Most are simple and homogeneous, but
some contain distinct concentrations of minerals. A
few have been mined for mica.

3. Other crosscutting bodies in the metamorphic rocks.
Most of the larger pegmatite bodies cut across the struc-
ture of the enclosing rocks. The average ratio of the
length of these bodies to their width is high, but not so
high as for the strike dikes. The masses are cigar-
shaped, trough-shaped, lath-shaped, and funnel-shaped,
and a few show combinations of these shapes. Their
common structural characteristics are a west-northwest
to west-southwest strike, a steep northerly or southerly
dip, and a westerly plunge. Parts of the more irregular
masses may be conformable with the country-rock
structure. The constituent minerals commonly oceur in
units of contrasting composition and texture. Mica and
other desirable minerals are sufficiently concentrated to
be recovered commercially from many deposits, and
these crosscutting pegmatite masses include most of the
deposits that have been mined.
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The quartz veins are more difficult to classify. In the
granite, where they occur as thin continuous fracture fillings,
one set trends west to west-southwest and dips steeply north,
and another, which is apparently younger, trends north to north-
northwest and dips east at moderate angles. In the foliated rocks
the quartz veins commonly occur as swarms of thin elongate
lenses or thicker individual veins that tend to be conformable
with the structure of the country rock; i.e., they strike north to
north-northwest and dip gently to steeply west to west-southwest.
Some, however, conform in strike but dip at an angle to the
country-rock foliation. The quartz veins range in thickness
from a fraction of an inch to 35 feet or more, with an average
of about 2 feet. Some are short pods, but others are traceable
for hundreds of feet.

Quartz is the dominant constituent of all the veins and the
only constituent of many, but a wide variety of other minerals
nevertheless is present in some of them. Most of the veins do
not connect with pegmatites, but some—as traced along their
strike—become feldspathic near their walls and merge into peg-
matites or cut through the outer parts of pegmatites and merge
with their quartzose cores. In addition to feldspars, common
accessory constituents of the veins are ilmenite and magnetite,
which occur chiefly as thin tabular crystals. Local concentra.
tions of kyanite and dumortierite, associated in some deposits
with hematite, are scattered through the rocks. Such minerals
presumably were formed through contamination of the veins
with country-rock material. In the western and northern parts
of the district there are veins in which small quantities of pyrite,
chalcopyrite, and molybdenite are disseminated. Quartz veins
with carbonates, chlorite, and sulfides have been reported from
the extreme northwest corner of the district.

The pegmatites and veins are thought to be genetically re-
lated to the Tusas granite. They form a broad fringe in the
country rock around the granite and are distinctly less common
in the areas farther away. Moreover, the general composition
of the pegmatite bodies is markedly similar to that of the granite.
It is believed that pegmatites began to form after much of the
granite had consolidated, and the veins appear to have been
formed still later. Both pegmatites and veins are known to be
younger than the folding and metamorphism of the pre-Cam-
brian rocks and younger than some of the faulting. The emplace-
ment of many pegmatites was controlled by folds in the country
rock, and the shape and orientation of most of them is related to
minor structures.

As shown in the vicinity of the Kiawa mine, where a thick
layer of amphibole schist serves as an excellent marker, several
faults in the metamorphic rocks are clearly transected by large
masses of pegmatite, and other faults are occupied by quartz
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veins. Moreover, the corrosion and replacement of metamorphic
minerals in the country rock by pegmatitic minerals shows that
the pegmatites are younger than the regional metamorphism.
Minor renewals of movement along some of the old faults have
locally affected pegmatites and veins, and other younger faults
show displacements amounting to tens of feet or more. The
Globe and Capitan pegmatites have been offset in this way (see
Plates 19 and 22).

Evidence for the pre-Cambrian age of the pegmatites and
the rocks in which they occur must be taken from areas to the
south and others in Colorado to the north. In such areas all
Paleozoic rocks are relatively littlé metamorphosed and have
undergone much less deformation. Pegmatites have been ob-
served that are overlain by Paleozoic rocks with an intervening
erosional unconformity. In the relatively few places in New
Mexico and Colorado where younger pegmatites are known, they
are much smaller, are simpler in structure and mineralogy, and
can be clearly correlated with intrusive rocks of Paleozoic or
younger age.

TERTIARY ROCKS

OLDER SEDIMENTARY AND VOLCANIC ROCKS

No Paleozoic or Mesozoic rocks are exposed in the Petaca
area, though a thick section of Mesozoic sedimentary beds is
present about 10 miles to the west. The oldest Tertiary rocks
are beds of conglomerate and sandstone that lie on an irregular
surface developed on pre-Cambrian rocks. They are best ex-
posed in the vicinity of Las Tablas, where they form bold cliffs
and benches along the lower slopes of the Tusas River Valley.
The conglomerate, most of which lies near the base of the sec-
tion, consists of cobbles and boulders cemented by a light gray
sandy to pebbly matrix. The coarse clastics are composed of
quartzite, granite, schist, volcanic rocks of probable Tertiary
age, and chert that may have been derived from Paleozoic beds.®
The conglomerate beds are overlain by gray to buff coarse friable
sandstone, much of which is tuffaceous. These bedded rocks,
which have been termed the Carson conglomerate,'” appear at
progressively higher levels to the north and west, and the surface
on which they were deposited slopes in general to the southeast.

Overlying the Carson conglomerate in the Las Tablas area
are volcanic rocks and sedimentary rocks rich in volcanic ma-
terial. These can be traced southward along and immediately
west of the Tusas River to points north of La Madera near the
mouth of Alamos Canyon. Where exposed in the southern part

1“'Just, Evan, Geology and economic features of the pegmatites of Taos and Rio Arriba
Counties, New Mexico: N. Mex. School of Mines, State Bur. Mines and Min. Res. Bull 13,
pp. 16, 49, 1937.

17 Just, Evan, op. cit., p. 48, 1937.
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of the Petaca district, these rocks have been assigned by Smith18
to the Abiquiu tuff. They consist chiefly of red to purple an-
desite, andesitic tuff, and flow breccia; buff to red rhyolite; fine-
grained, dark gray basalt; tuffaceous sandstone; agglomerate;
and conglomerate and breccia with abundant fragments of vol-
canic rocks. The lavas and flow breccias are prominent at and near
the base of the section. South of the Las Tablas area they lap
against the pre-Cambrian rocks. Islands of the older rocks pro-
ject through the thin cover of these Tertiary volcanics in the area
south and southeast of the La Paloma mine (Plate 1). The con-
tacts indicate that the volcanic rocks flowed around and against
the older metamorphics, but at a few localities these relations
have been complicated by subsequent faulting. Flows and sedi-
ments have been preserved as thin remnants at several places on
Jarita Mesa, as well as in the rough country to the east.

No section of the older Tertiary rocks is more than a few
hundred feet thick in the Petaca district, and no broad areas of
such rocks are present. ' From relations in adjoining regions,
the Carson conglomerate is regarded as early or middle Tertiary
and the younger volcanic sequence as Miocene in age.1?

SANTA FE FORMATION

The Santa Fe formation is present in the southern part of
the Petaca district in a belt that extends north and northeast
from La Madera. It also underlies Petaca Mesa and much of
Turkey Mesa, where its edges are covered by landslides and talus
from overlying basalt flows. This formation is thought to have
been formed by streams draining highland areas and flowing
into the Rio Grande Valley during late Miocene and Pliocene
time.2® The rocks consist of poorly to well consolidated sand-
stone, siltstone, conglomerate, and volcanic ash, much of which
is rich in volcanic material. The beds, which are flat to gently
dipping, have locally been eroded into badlands.

The Santa Fe formation overlies volcanic rocks along the

18 Smith, H. T. U., Tertiary geology of the Abiquiu quadrangle, New Mexico: Jour.

Geol., vol. 46, pp. 944-952, 1938.
1® For more complete descriptions of these and related rocks, see:

Bryan, Kirk, and McCann, F. T., The Ceja del Rio Puerco, a border feature of the Basin and
Range province in New Mexico: Jour. Geol., vol. 45, pp. 801-828, 1937, pp. 1-16, 1938.

Smith, H. T. U., op. cit., 1938.

Denny, C. S., Tertiary geology of the San Acacia.area, New Mexico: Jour. Geol., vol. 48,
pp. 73-106, 1940.

Stearns, C. E., The Galisteo formation of north-central New Mexico: Jour. Geol, vol. 51,
pp. 301-319, 1943.

Wright, H. E., Cerro Colorado, an isolated non-basaltic voleano in central New Mexico: Amer.
Jour. Sci., vol. 241, pp. 43-56, 1943.

20 For detailed discussion of this formation, see:

Bryan, Kirk, Geology and ground-water conditions of the Rio Grande depression in Colorado
and New Mexico: Regional Planning, Part VI: Rio Grande joint investigation in the
Upper Rio Grande Basin (Washington, Nat. Res. Comm., 1938), vol. 1, Pt. II, sec. 1,
pp. 209-215, 1938.

Cabot, E. C., Fault border of the Sangre de Cristo mountains north of Santa Fe, New
Mexico: Jour. Geol., vol. 46, pp. 88-105, 1938.

Smith, H. T. U., op. cit., pp. 953-960, 1938. .

Denny, C. S., Santa Fe formation in the Espanocla Valley, New Mexico: Geol. Soc. America,
Bull.,, vol. 51, pp. 677-693, 1940.
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east side of the Tusas River Valley and is faulted against older
rocks in most other areas. The area immediately northeast of
the lowermost part of Alamos Canyon is a complex structural
mosaic of pre-Cambrian and voleanic rocks with local fault blocks
of Santa Fe beds. In this area and elsewhere such beds are lo-
cally strongly deformed, but no pronounced large-scale flexures
are present. These rocks are cut and offset by many faults.
They have been mineralized by hot springs along fissures in the
valley of the Rio Vallecitos south of La Madera and at several
places northeast of La Madera.

QUATERNARY DEPOSITS

’ BASALT FLOWS

Flows of dark-gray fine-grained basalt cap Petaca Mesa,
Turkey Mesa, and a part of Jarita Mesa. They appear to be rem-
nants of an extensive basaltic flow that was poured out on a
surface of low relief. This surface, which must have sloped
gently to the southeast, was developed over areas underlain by
a variety of rocks. Thus, the basalt overlies the Santa Fe for-
mation, older volcanic rocks, and pre-Cambrian rocks in the Pe-
taca district. The flows, which form a cover that ranges in thick-
ness from a few feet to 40 feet or more, consist of olivine basalt
that is dense to highly vesicular.

SEDIMENTARY DEPOSITS

The basalt-capped mesa lands east of the Tusas River Val-
ley are veneered by unconsolidated water-laid sands and gravels,
and by a broad series of low, elongate dunes. The form of the
latter is so subdued that many are not easily recognized. Thin
veneers of gravels—many merely concentrations of loose boul-

ders—are present on several terrace-like remnants of old erosion
surfaces between Jarita Mesa and the Tusas River.

Alluvium has been deposited to form relatively flat valley
bottoms along the Tusas River north of Petaca, for a mile north-
east from La Madera, in the vicinity of Servilleta Plaza, and
along the Rio Vallecitos in the vicinity of Vallecitos, Ancones,
and La Madera. Elsewhere the streams follow gorges and rela-
tively narrow, winding canyons.



PEGMATITES

DISTRIBUTION AND OCCURRENCE
The pegmatites in the Petaca district occur in a broadly

curving belt that extends from Kiawa Mountain southeast and
south to La Madera. This belt is 1 to 414 miles wide and about
15 miles long. The deposits that have been worked for mica
occur in five rather distinet groups. These are shown in Plate
1 and are designated as follows.

A.

Kioawa group.

The Kiawa group occupies a small area near the northwest
corner of the district. The deposits are north of Kiawa
Canyon and east-southeast of Kiawa Mountain at altitudes
of 8,300 to 8,600 feet. They can be reached over a wagon
road that extends from Las Tablas up the canyons of the
Tusas River and Kiawa Creek, or over a poor automobile
road that reaches Kiawa Canyon from the Jarita Mesa road
via South Kiawa Lake.

Persimmon Peak-Las Tablas group.

The Persimmon Peak-Las Tablas group occupies a long nar-
row area that extends from a point west of Las Tablas to a
point south-southwest of Persimmon Peak, a distance of al-
most 2 miles. The pegmatites are in rough country at alti-
tudes of 8,000 to 8,400 feet. The area is crossed by the Las
Tablas-Vallecitos trail and by the Hoyt wagon road, a wind-
ing, circuitous route. A poor road that is passable for auto-
mobiles reaches a few of the deposits from the Jarita Mesa
road via Poso Spring.

La Jarita-Apache group.

The La Jarita-Apache group occupies the largest and least
sharply defined area in the district. It extends from a point
a mile south of Persimmon Peak southward and southwest-
ward for 3 miles to a point west-southwest of Petaca, and in-
cludes an area of about 3 square miles. The deposits are
at altitudes ranging from 7,450 to 8,350 feet. A graded and
gravelled automobile road from Petaca to Goodge Sawmill
gives direct access to several mines. Other deposits can be
reached over branch roads that extend north to the rim of
La Jarita Canyon and south to the rim of Apache Canyon.
A poor automobile road also connects the Apache Canyon
mines with Petaca.

28
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D. Cribbenville group.

The Cribbenville group includes the oldest mines in the dis-
trict. The deposits are rather closely spaced in a small
area, once thickly populated, southwest of South Petaca, and
lie between Gabalon Canyon and the rim of Abrevadero
Canyon a mile to the south. They are at altitudes of 7 ,600
to 8,150 feet. Most are served by a good gravelled road that
connects with State Route 111 at a point a mile south of
South Petaca. Passable side roads reach all but two or
three of the remaining deposits.

E. Alamos group. ,

The Alamos group, which includes several large mines, oc-
cupies a long narrow area that extends from the Little J ulia
deposits (south of Abrevadero Canyon) to the Guadalupe
deposits in Alamos Canyon, 214 miles south-southeast. The
altitudes of the deposits range from 7,200 to 8,050 feet. The
north end of the area can be reached over a poor automobile
road that branches from State Route 111 at a point a mile
south of Abrevadero Canyon. Other parts of the area are
served by a good gravelled road to the Globe mine and by
several poor branch roads.

A few outlying deposits cannot be conveniently included in
the above groups, and hence are treated separately. Several
pegmatites are present north of Jarita Canyon and southeast of
the Persimmon Peak-Las Tablas group. The La Paloma and El
Floto deposits lie east of the Alamos group and can be reached
over a branch from the Little Julia road or over poor roads via
the Globe mine or Paloma Canyon. The Hidden Treasure area,
a mile south of the Alamos group, is served by a poor road that
leaves State Route 111 at a point a mile northeast of La Madera.
Other deposits are scattered on both sides of the La Madera-Pe-
taca road between La Madera and a point a mile south of the
Little Julia turn-off,

The pegmatites of chief interest occur in the metamorphic
rocks west of their contact with the Tusas granite. Those in the
granite are small and irregular and hold little or no commercial
promise.. The pegmatite bodies in metamorphic rocks, on the
other hand, are strikingly consistent in many elements of their
structure and mineralogy. They can be divided into two groups
on the basis of their conformity or lack of conformity with the
foliation of the enclosing rock; and they can be further classified
on the basis of their own form, attitude, and internal structure.

Most of the deposits are well exposed despite a rather thick
cover of vegetation. The pegmatite appears to be more resistant
to erosion than much of the country rock, and thus commonly
forms knobs and low ridges. The constituent minerals are not



TABLE 1. GENERAL STRUCTURAL RELATIONS OF PEGMATITE BODIES IN THE

PETACA DISTRICT

Length on . Approx. mean | Mean strike Plunge of
G al § present | Mawimum Mean plunge of and dip of minor Type of
enerb dorm Nawme Shown in surface outcrop strike and body and/or | country-rock | structures pegmatite Remarks
of body (to mearest breadth dip ¢ structures foliation or | im country bodies
5 feet) (feet) within it schistosity rock
E.-W. N. 30° W. Mod. W.;
L. Dike, Bonanza Plate 18 195 40 Steep N. N Mod. W. 45° WSW. | Gentle SSE. Sharp
ill, pipe, N. 85° W. . N. 40° W. Tadpole-shaped
glr elgrlllggte Coyote — 250 217 Steep N. Mod. ' W. 55° SW. Mod. W. Sharp B iI::) ;lsa: ve
pod N. 70° W . One large
. ; : Mod.- N. 45° B . ; z
'El1 Floto Figure 24 6804 90 2 Vﬁ IztEec.zp gentle WNW: 50° N4 Sharp eas:,) :;gréﬁmg
N. 75° E. £ Much mieca in
: - . g Mod.- N. 60° E. Mod. sharp :
Kiawa (N. dike) B — 1240+ 38 ssttee;) g steep SW. 55° SSE. Mod. SW. to sharp co:g%:;e;‘:ck
N. 65° W. Sharp to Ends of dike
N. 35° W. | Mod. NW.; ] .
Plate 23 260 32 Steep- Mod. NW. -3 gradational ; covered by
La Paloma e + mod. NNE. 60° SW. Gentle SSE. | many inclusions younger rocks
N. 75° E. N. 60° W. Thickness
Little Julia Figure 21 800+ 42 V. steep N. Gentle WSW. | ‘g50 ggw. |Gentle WSW. Sharp rather uniform
Little Jul N. 85° E. N. ]so° w. Mod.-gentle Sh Outerop of dike
itt i i . W. . = i
ittle Julia Figure 20 955 25 Sicep N., Mod. W. 85° Woo |\t AW arp slightly
N. 80° E. )
Plate 9 and - Mod.- N. 20° W. Mod.- .
Lonesome F?ig‘:.lre 12 165 19 V. sz;iig N. steep W. Var. WSW. steep W. Mod. sharp
- N. 75° W. Small bulge
i i1l . N. 385° W. | Gentle SSE.; 3
NO(r‘i?:;l gﬁlilél))enw e|  Plate 18 225 30 1}’ axﬂ:;exs). Gentle W s S |G Sharp near Yl&;keend
N. 65° E.
. - Mod. N. 35° W. Mod. Mod. sharp
Silver Plate —_— 200+ 252 I\Isltmeelp.’ W. (1) 55° SW. w. to sharp
Silver Spur . 210+ 252 N. ﬁiod w. Gentle NW. N. 35° W. | Gentle NW.; Mod. sharp Ends of sill not
(N. body) SW. : 40° SW. Mod. S. well exposed
N. 20°-40° W.
Several small
i Steep- Gentle N. 40° W. s
Sll;’g" E;’(;‘;) e — 450+ 36 V. steep NW.-NNW. 10° SW. Gentle NW. Sharp . dikes Igrat];n;l(:i
i WSW.-ENE. rom main body
N. 80° E. Crest and keel
S Gentle- N. 15° W. Mod. sharp; i
White Plate 20 220 2 504 V. steep N., mod. W. 10° W. Mod. W. many inclusions %fe rglkfmfte

var.




TABLE 1. GENERAL STRUCTURAL RELATIONS OF PEGMATITE BODIES IN THE PETACA DISTRICT (CONTINUED)

Length on . Approx. mean | Mean strike | Plunge of
General form N Sho p're?ent I%Z:Z:nozm ) tn]l]fea,n”d b”,ﬁ“"f,’,fuz'}f and dip ofk tmi7:o¢ Tupe tq'tf Remarks
ame wn in surface strike a ody or | country-roc structures pegmatite
of body (to nearest| bTeadth dip © structures foliation or | in country bodies
5 feet) (feet) within it schistosity rock
i ° N. 25° W. Two quartz veins
IL Dike, La Jarita Plate 8 275 13 N. 75° E. Mod. W. | 45° WSW., | Mod. W. Sharp branch from dike
. . (N. dike) V. steep N. var. near its east end
sill, pipe, i Jurite NS' 70°VE' ;N.0 25°S w. W oh Dilg:hconfox:mabée
s : . Plate 8 165 12 teep-V. Mod. W. 45° WSW., Mod. . arp with prominen
or pod with (middle dike) € steep NNW. var. set_of joints
bends, pro- | s o N. 25° W.
a Jarita 4 N. 45° E. Mod. W.- Large bulge at
cuberances (S. dike) Plate 8 155 3 Steep NW. wsw. | 457 WSW. |Mod. WSW. Sharp cach end of dike
N. 85° W. o Quartz vein ex-
or other Nambe Figure 19 2804 54 V. steep, Mod. W. 5N0'° 3%VSVVQ"’. ? Sharp tengs nogt_lﬁwest
irregularities var. : - T dplc;?:sh;pz i
. Navajo —_— 225 56 N. 85° W. Mod. W. N. 40° W. | Mod. SSE.; Sharp plan, with three
(concluded) Steep S. 55° SW. Mod. W. quartz branches
North N. 65° W. . Prominent north-
Cri(bbepvil(llgk N Plate 18 220 2 43 Steep NNE., I%Iw\%d'%elg%l&? 1\2'5535;” . g::,:ll: VSVSNEW Sharp wal;d blélgef zagi.r
main 1Ke var. -~ - : i east end O 1Ke
: N. 65° W. R
North Star Plate 10 525 64 Steep NNE.- Mod_gentle | N. 45 W. ? Sharp oarge bulge 8t
steep . . - ©
Pavo N. 70° W. N. 45° W. Mod. S.;
(N. dike) Plate 18 350+ 30+ Steep SSW. ? 40° SW. Mod. W. Sharp
N. 75° W Splits into two
: . . 50° W. Mod. sh tly-dippi
Pa::liddle dike) Plate 18 625 50 Mod.-V. var. wosw. | Yo 'sw. | Mod wsw to sharp prongs ab east
steep S. end
° Mod. sharp Splits into
Pavo N. 80° W. Mod.-gentle N. 45° W. Mod. S.; to sharp, irregular pro-
(S. dike) Plate 18 510 105+ N£°d- 1%‘ W.-WSW. 40° SW., Mod. W. with many jections at
steep N. var. inclusions both ends
. N. 45° E. . N. 15° W. Sharp to v inuou
Pinos Altos Plate 15 350+ 26+ Steep NW. |Mod. W-WSW.| ~ 105 . Mod. gradational Y e oS
Very sinuous
N. 60° W, ' N. 35° W. " Mod. sharp dike ; splits into
Prince 405 80 Steep SSW. ? 456° SW. Mod. W. to sharp two short prongs
at east end




TABLE 1.

GENERAL STRUCTURAL RELATIONS OF PEGMATITE BODIES IN THE PETACA DISTRICT (CONTINUED)

Length on Mawi Approx. mean | Mean strike | Plunge of
General form present awmum Mean plunge of and dip of minor Type of
Name Shown in surface outcrop strike and body and/or | country-rock | structures pegmatite Remarlks
of body (to nearest b;fe“‘?h dip ¢ structures foliation or | in country bodies
o 5 feet) eet) within it schistosity rock
Connected with
II. Dike, Alamos N. 65° E. N. 10° W.
e (B, segment) Plate 21 170 57 Steep NNW. Mod. W. 50° W, Mod. W. Mod. sharp w:ﬁgnbgclsékby‘
sill, pipe, i T
: Thin sill
. Alamos Plate 21 355 36 N. 85° W. Mod. W.- N. 10° W.
or pod with (W. segment) € Steep N. WNW. 50° W. Mod. W. Sharp eagaz;}:lesofﬁ&?iy
bends, pro- South two-fifths
Alma Plate 7 and 560 302 N. 20° W. Mod.- N. 20° W. |Mod. WSW.; h of body is a long
tuberances, Figure 10 35° WSW. gentle WSW. | 40° WSW. | Mod. SSW Mod. sharp sill-like tail
2 to 3 feet thick
or other NS . Mod. sh Mufch impregnatilgn
. e . - .-S. N. 20° W. . sharp of country roc
irregularities | Bluebird Figure 16 280+ 24 Mod. W. Mod. SW. | 40° wsw. | Mod. SW. | {5 gradational wl;'thkimall thick
o0oks of mica
Offset 40-45 feet
Capitan- Plate 18 880 70 N. 85° E. N. 40° W. Mod. along fault 200
Blanca ate Mod.-steep N. |Mod. WNW.-W.| “ggo gw. WSW.-W. Sharp feet from east
end of body
. . N. 45° W. Connected at
Cribbenville Plates 18 795 115 N. 85° W. Mod.- o Mod. SSE.; Sharp, with i i
(main body) and 19 Steep N. gentle W. 50 vaf:w" Mod. W. many inclusions deg;};ovg&};agke
. . ’ N. 50° W. Prominent bulge
Cribbenville Plate 18 49 4 N. 76° W. Mod.- ° Mod. SSE.;
(S. body) ate 1 0 6 Steep N. | gentle WNW. | 0 SWo | Vs N Sharp st west, end of
N. 85° W. Prominent bulges
Etter Figure 13 700 302 IV'I;odVS Mod. WSW. 1‘2-0050;\73" . Gﬂl:ée Svg Sharp near east end of
steep S. - - - ike
N. 85° W. N. 20° W. Mod. sharp Faulted off at”
Globe Plate 22 645 602 Steep, var. Mod. W. 40° WSW. Mod. W. to sharp west end
Two quartz
. : E.-W. Mod. W.- N. 35° W. Mod. W.- branches project
Hidden Treasure Plate 24 390 42 Mod.-steep N. WNW. 45° SW. W : Mod. sharp from dike near
_ its east end
° Most of body con~
Kiawa Plate 6 1480 275 N. 75° E. Mod. SW.- N. 60° E. Sharp to tains many septa
(main body) ate Ste\ifr S, gentle WSW. 55° SSE. Mod. SW. gradational and inclusions

of country rock




TABLE 1. GENERAL STRUCTURAL RELATIONS OF PEGMATITE BODIES IN THE PETACA DISTRICT (CONTINUED)
Length on . Approx. mean | Mean strike Plunge of
G present Mamimum Mean plunge of and dip of minor Type of
eneral df""’"‘ Name Shown in surface outcrop strike and body and/or |country-rock | structures pegmatite Remarks
of body (to nearest | breadth dip © structures foliatiom or | in country bodies
5 feet) (feet) within it achistosity rock
IIL. Trough B Steep SSW. N. 30° W. | Mod. W it
. Trough- onanza eep . . 30° . od. W.; metrie, wit]
Extension Plate 18 130 55 2 E.-W. Mod. W. 45° WSW. |Gentle SSE. Sharp north flank longer
shaped body, Steep N. and thicker
. N. 80° W. .
with o Mod. WSW. ; N. 45° W. | Mod. SW.; | Walls of body
without com-| C0ts Plate 17 380 35 N. 85° W. Mod. WNW. | 50° SW., Mod.- od. sharp very irregular
Steep N., var. gentle WNW. to sharp in detail
plicating o Mod.-steep S.
N. 70° W.
branches Steexé-svw N 40° W Mod Shgr%) tol blV(Iiain arrfs of
. steep i . ° . od.- gradational, ody nearly join
Conquistador Plate 11 210 30+ N. 60° W. Mod. W. 45° SW. gentle W. with many to form elliptical
Steep SSW.- inclusions outcrop plan
NNE., var.
E.-W. Distinctly
Steep-V. Mod N. 40;WW. Mod. SW Mod. shda.rp ats}:lrmmetric:
Fridlund Figure 17 210 202 steep S.; o 60° . : - to grada- southeast arm is
N. 15° E. steep SW. var. WSW. tional relatively thin
V. steep W. and short
Body fishhook~
Nét"'o" VW' shaped l;n out-th
eep-v . N. 35° W. ero; n, wi
Pino Verde Figure 18 170+ 402 steep S°SW.; Mod. W. 50° SW. Mod. W. Sharp smaﬁ) ‘};ishhooks”
N. 85° E. projecting from
V. steep N. its keel
N. 25° W. "
M&d. WSW.; od W N. 35° W Mod. W Sh Thllr):k;st part of
Plate 16 465 47 . 8° E Mod. W. o . od. W. arp ody is on
Queen a Mod.- 45° SW. southwest limb
steep N.
N MZOE(; . B Pegrfmlitite bodyl.in 11:;}1;01t1gh T h
: : of large syncline tha; rough over-
South Kiawa Figure 8 180 2 30+ stee-p EY’VN W. H Mod. SW. plunges moderately Sharp turned to ESE.
Steep W. _ southwest »
N. 70° W
Mod. SSW. N. 25° W. Gentle S.; Large branch
i 4 640 » 60 ' Mod. W. ° Mod.- Sharp extends ESE.
Werner Figure 1 + . 85° E. ] 35° WSW. gentle W. from trough

Steep N.




TABLE 1. GENERAL STRUCTURAL RELATIONS OF PEGMATITE BODIES IN THE PETACA DISTRICT (CONTINUED)
Length on . Approx. mean | Mean strike Plunge of
General form . present Mamtzmum Mean plunge of and dip of minor Type of
of body Name Shown in surface Z"' ‘Zi‘;z strike and body and/or | country-rock| structures pegmatite Remarks
(to mearest| °T¢ " dip ¢ structures foliation or | in count bodi
N o 5 feet) (feet) within it schistosity rock
— Most of south
IV. Inverted Plate 14 and N}\I.d 7%10NE' N. 40° W, Mod. SSW limb removed by
ate an . . . . . om -
trough- Apache Fioaa 3291 190+ 27 Mod, NNW-: | Mod. W. 50° SW., var.; Sharp sxouion ; may have
h Mod. SSW. | var. Mod. W. and thinner than
shaped body north limb
v g'e;vg'N” Crest of pegmatite body
Green Peak —_ 500-- 45 a N. 85° W. Mod.- in small fold that Sharp Trough is
Steep S. steep WSW. plunges mod.-steep symmetric
var. WSW.
Niteop-v. h
- Asymmetric, wit
Keystone- Plat 41 cep Mod.- | N. 15° W. Sharp to ; 4
Western ate 12 5 8 f{ee%oN'E’. steep N'W. 50° W. ‘ Mod. NW. gradational ai?jstnk,r:}eb ;&:gi;;t
Steep WNW.
N. 70° E. Body is wedge-
V. Body not . Steep SSE. Steep- N. 0400 W. Mod. sharp shaped in out-
Eureka Figure 9 75 2 38 to steep- mod. WSW. 45° SW., o1 to _grada- crop plan, with
assignable mod. NNW. var. tional minor projections
to Classes N. 70° E. Mod.- Steeply plunging
S€ Red Figures 22 5 Mod.-V. steep N.; N. 80° W. | Mod. W.- inverted-trough
LIV e and 23 250+ 65+ | steep NNW., Mod. W.- 55° WSW. WNW. Mod. sharp | structure at west
! var. WNW. end of body
Asymmetric inverted Ovoid in outcrop
Sand trough, plunging mod.- N. 50° W. A plan, with SW.
andoval | Plate 13 320 55 steep W.-WNW.; large 55° SW., Mod. 8.; Sharp limb of trough
(8. body) funnel-like structure on var. Mod. W. appearing as a
NE. limb plunges mod. NW. thin branch
| Extremely irregular
Sandoval N. 75° W N. 50° W el lfimbalt)xlys
andova. .7 . ' . . connected wit! .
(W. body) Plate 13 125+ 49 Steep N, Mod. WNW. | 55° SW., Mod. & Sharp body at levels
var. . above present
surface
o N. 70° E N. 50° W.
Sandoval ] 3 a - ? 55° SW. Mod. S.; Extremely
Extension 00+ 55 genglgd.var. var. Mod. W. | Sharp irregular body

a  Approximate.

b TLength represents horizontal distance between ends of pegmatite body, as
along a line approximately midway between the walls.

¢ Absolute dip values, to the nearest 5°, are as_follows:

measured

Gentle — 10° to 25° V. steep — 75° to 90°
Mod. — 80° to 45° var. — markediy variable.
Steep — 50° to 70°

Separate strike and dip values are given for each limb of trough-shaped bodies.
4 Disturbed. presumably owing to intrusion of several large pegmatite bodies.
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weathered to great depths. The freshness and relatively com-
plete exposure of the pegmatites combine to furnish an excellent
two-dimensional picture of their structure and mineralogy; in
addition, mine workings are still accessible in many deposits.
The descriptions and discussions in the following sections are
based on a detailed three-dimensional study of the deposits.

GENERAL STRUCTURAL FEATURES

FORM, SIZE, AND ATTITUDE

The pegmatite bodies vary widely in shape and size. Most
are dikes, sills, pipes, or pods, but others have more irregular
shapes. A general division into five classes can be made on the
basis of form, as follows.

Class I. Dikes, sills, pipes, and elongate pods.

Class II. Dikes, sills, pipes, and pods with bends, protuber-
ances, or other irregularities.

Class III. Trough- or scoop-shaped bodies, with or without
complicating branches.

Class IV. Bodies with the form of an inverted trough or
SCOOpP.

Class V. Other bodies. These include some that are com-
: binations of the above forms, and others so com-
plex in three dimensions that they cannot be

classified. Neither type is common.

Though most contacts between pegmatite and country rock
are not continuously exposed, enough outcrops are present to
show the size and attitude of the bodies. Most are clearly termi-
nated along their strike in both directions. The ends of many
are smooth and rounded, but others are marked by long narrow
spines or broader less regular projections. The average length,
or horizontal distance between the ends at the present surface,
is 410 feet for 52 representative bodies that have been worked
for mica (see Table 1). The maximum and minimum values are
1,430 feet and 75 feet, respectively. The average maximum
breadth of outcrop is 49 feet, and the average breadth is 30 to
35 feet. Slightly less is the average thickness of the bodies,
which ranges from a few inches in some stringers to 250 feet
or more in the largest bodies. Ratios of length to breadth, which
range from little more than 2 to 1 to about 70 to 1, reflect a wide
variety of forms, from thick stubby pod-like bodies to thin dikes
a thousand feet or more long.

Sills and sill-like bodies, which are most common in the Per-
simmon Peak-Las Tablas group, strike north to northwest and
dip gently to moderately west and southwest. The dikes and



TABLE 1. GENERAL STRUCTURAL RELATIONS OF PEGMATITE BODIES IN THE PETACA DISTRICT (CONTINUED)

Length on . Approx. mean | Mean strike Plunge of
G al § present | Maximum Mean plunge of and dip of minor Type of
e"“”‘b d""""’ Name Shown in surface outcrop strike and body and/or |country-rock | structures pegmatite Remarks
of body (to nearest | breadth - dip © structures foliation or | in country bodies
5 feet) (feet) within it achistosity rock
N. 60° W. Slightly asym-
I. Trough- Bonanza " a Steep SSW.; N. 30° W. Mod. W.; mgetriz,awslrg:
Extension Plate 18 130 55 E.-W. Mod. W. 45° WSW. |Gentle SSE. Sharp north flank longer
sh‘aped body, NS'te;;)o I%V ] and thicker
with or Mod. WSW. ; N. 45° W. | Mod. SW.; Walls of body
without com.| Coats Plate 17 380 35 N. 85° W. Mod. WNW. | 50° SW., Mod.- Mod. sharp very irregular
Mséeelée N.,S ' var. gentle WNW. to sharp in detail
plicating _ 0C.-Steep .
N. 70° W.
branches tSteelé-s\%, N. 40° W Mod. Shgr%)' tol bl‘i‘iain arrlns o
. steep .5 . . od.- gradational, ody nearly join
Congquistador Plate 11 210 = 30+ N. 60° W. Mod. W. 45° SW. gentle W. with many to form elliptical
Steep SSW.- inclusions outcrop plan
NNE., var.
E'-WV N 10° W Mod. sh Distinctly
Steep-V. . . . sharp asymmetric ;
Fridlund Figure 17 210 202 steep S.; Mod.- 60° SW., Mod. VSVW‘- to grada- southeast arm is
N. 15° E. steep SW. var. WSW. tional relatively thin
V. steep W. and short
Body fishhook-~
Nét;l'g; ‘;N N 850 W shaped Iziin out-th
-V. ; ° . Cro; n, wi
Pino Verde Figure 18 1704 402 | steep SSW.; Mod. W. ey Mod. W. Sharp sl “hhocken
N. 85° E. projecting from
V. steep N. its keel
N. 25° W,
R g Mod. W. N. 35° W. | Mod W Shi oy i3 o
Plate 16 465 47 N. . . W. ; . od. W. arp ody is on
Queen 2 Mod.- 45° SW. southwest limb
steep N.
S
N'M205d.- B Pegmatite body .in trough
South Kiawa Figure 8 180 = 30+ | steep WNW. Mod. SW. °fp llg;ggssg’;éle‘;:g;t Sharp tu{f‘oe‘égfw‘g&
]s\%egp gvv' . southwest
N. 70° W.
Mod. SSW.; N. 25°-W. Gentle S.; Large branch
i 4 640 = 60 ’ Mod. W. ° Mod.- Sharp extends ESE.
Werner Figure 1 + N. 85° E. ) 35° WSW. | ontle W. from trough

Steep N.




TABLE 1. GENERAL STRUCTURAL RELATIONS OF PEGMATITE BODIES IN THE PETACA DISTRICT (CONTINUED)

Length on Maws Approx. mean | Mean strike| Plunge of
oneral form . present ""‘;"”“m Mean plunge of and dip of minor Type of
of body Name Shown in surface ‘l’]“ ‘”('i‘g: strike and body and/or | country-rock| structures pegmatite Remarks
(to mearest| °7T9%% dip ¢ structures foliation or | im country bodies
_ o 5 feet) (feet) within it schistosity rock
. Inverted — Most of south
N. 70° E limb removed by
Plate 14 and Mod. . | N. 40° W. Mod. SSW., ion :
trough- Apache Figure 15 490+ 27 o.d 6(§NW. ’ Mod. W. 50° SW., | _var.; Sharp %‘ZZS,I"&héﬁaZh.?ftvei
h Mod. SSW. var. Mod. W. and thinner than
shaped body north limb
E.-W. - .
V. stee;vg N.; Crest of pegmatite body
Green Peak JRE— 5004 45 2 N. 85° W. Mod.- | in small fold that Sharp Trough is
Steep S. steep WSW. | plunges mod.-steep symmetric
var. WSW.
Nét. 85° VE.
-V. Asymmetric, with
Keystone- Plate 12 415 £, e Mod.- N. 15° W. Sharp to 3 0
Western ate 8 Speep, Nt steep NW. 50° W. \ Mod. NW. | gradational ;a;zst,,}:,’;? sl
Steep WNW. ’
N. 70° E. Body is wedge-
. Body not £ . Steep SSE. Steep- N. 40° W. Mod. sharp shaped in out-
ureka Figure 9 752 38 to steep- mod. WSW. 45° SW., ? to grada- crop plan, with
assignable mod. NNW. var. tional minor projections
to Cl N. 70° E. Mod.- Steeply plunging
0 Llasses | ped Figures 22 N Mod.-V. steep N.; . 30° W. | Mod. W.- . inverted-trough
LIV e and 23 250+ 65+ | steep NNW., Mod. W.- 55° WSW. WNW. Mod. sharp structure at west
- var. WNW. end of body
Asymmetric inverted Ovoid in outcrop
Sandoval trough, plunging mod.- N. 50° W. . plan, with SW.
Ao Plate 13 320 55 steep W.-WNW.; large 55° SW., Mod. S.; Sharp limb of trough
(8. body) funnel-like structure on var. Mod. W. appearing as a
NE. limb plunges mod. NW. thin branch
Extremely irregular
Sandoval N. 75° W. N. 50° W e i S
andova. .7 - o . . connected wit. .
(W. Dbody) Plate 13 1254 149 Steep N Mod. WNW. | 55° SW., Mod: & Sharp body at levels
var. e above present
surface
N. 70° E N. 50° W.
Sandoval JE— a . ? 55° SW. Mod. 8.; Extremely
Extension 800+ 55 gen}c\’llg d'var. Va%. ’ Mod. W. | Sharp irregular body

a  Approximate.

b Tength represents horizontal distance between ends of p
midway between the walls.

to the nearest 5°, are as_follows:

V. steep —

along a line approximately
¢ Absolute dip values,

Separate strike and
4  Disturbed. presumably ow:

Gentle
Mod.
Steep

— 10° to 25°
— 30° to 45°
— 50° to 70°

var. -_

egmatite body,

75° to 90°

as measured

markediy variable.

dip values are given for each limb of trough-shaped bodies.
ing to intrusion of several large pegmatite bodies.
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Fieure 2. Idealized block diagrams showing three-dimensional relations of typical pegmatite bodies in the Petaca district.
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~only gap in our knowledge of the dimensions of the pegmatites.
Erosion has removed large parts of some bodies, but has cut out

_only the tops of others, so that it is difficult to correlate their re-
maining down-plunge dimensions with present width or strike
length. It seems probable, however, that the maximum original
dimensions of most bodies were those measured along their
plunges, and were several times the present strike lengths.

WALL-ROCK STRUCTURE

The planar structures in the pre-Cambrian quartzite and
quartz-mica schist commonly strike north-northwest to north-
west, and dip west-southwest to southwest at low to moderately
high angles. The bedding in these rocks, where still recogniz-
able, is essentially conformable with the foliation and schistosity,
except along the crests or troughs of folds. These structures are
much contorted adjacent to many pegmatite bodies, where they

“are generally restricted to narrow zones adjacent to the pegma-
tite contacts. Excellent examples occur at the Apache, La Pa-
loma, and Lonesome deposits, though at others, such as the El
Floto, Cribbenville, and Fridlund, the disturbance extends much
farther from the pegmatite masses.

Many of the pegmatite bodies are remarkably uniform in
attitude, and appear to have been injected into fractures or faults
in the country rock. The evidences of original structural control
of others have been partly or wholly obscured through alteration
of the country rock by pegmatitic solutions. Many of the sills
appear to have been emplaced along mechanically weak or other-
wise susceptible beds. The strong distortion of the quartzite and
schist adjacent to some pegmatites may be due either to the force
of emplacement of those bodies or to earlier disturbance along
fractures into which the pegmatites were subsequently injected.
Little post-pegmatite movement is recognizable in most deposits;
the pegmatite minerals are not markedly sheared and most con-
tacts between pegmatite and country rock are undisturbed.

Many linear structures exist on bedding and foliation sur-
faces of quartzite and schist. These structures include minor
closely spaced crenulations; streaks of minerals and aligned min-
erals of platy or elongate habit; lines of intersection of bedding
and foliation planes, or of fracture cleavage and bedding planes;
and the axes of drag folds. The crenulations, which are gener-
ally present in the more micaceous layers, tend to plunge south to
southeast at moderate angles. Remnants of an apparently earlier
set of crenulations, which can be recognized in some outcrops,
plunge northwest to southwest. The aligned minerals and
mineral streaks consist chiefly of biotite, fine-grained muscovite,
chlorite, or amphibole. Like the crenulations, they generally
plunge south to southeast.

Ripple marks and the intersections of planar structures gen-
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erally plunge west-northwest to west-southwest, but too few ob-
servations are available for a general interpretation. Drag folds,
which are relatively common, range from small discontinuous
features that are little more than crenulations to large tightly
compressed folds 10 feet or more from flank to flank. The axes
of tlhe folds pitch northwest to southwest at gentle to moderate
angles.

At least two rather well-defined sets of pitching linear struc-
tures are evidently present in the district. One of these, which
includes'the axes of drag folds, an apparently early set of crenula-
tions, and possibly other structures, is strikingly conformable
with the plunge of pegmatite bodies and minor pegmatite strue-
tures in both direction and degree (Table 1). The chronologic re-
lations between the two groups of structures in the country rock
and between individual members of the groups are not fully
understood.

INTERNAL STRUCTURE

GENERAL STATEMENT

- The Petaca pegmatites are aggregates of microcline, quartz,
plagioclase, and muscovite, named in their order of abundance.
Some of these minerals occur in the interior of the pegmatites as
crystals of giant size. The chief accessory constituents, in the
approximate order of their abundance. are Spessartite, green
fluorite, columbite-tantalite, monazite, beryl, ilmenite and mag-
netite, bismutite and associated secondary bismuth minerals,
purple fluorite, samarskite, sulfides, uraninite and secondary
uranium minerals, pink muscovite, apatite, lepidolite, and tour-
maline. These minerals form aggregates that range in texture
from fine-grained (general grain size of less than 1 inch) through
medium-grained (1 to 4 inches) and coarse-grained (4 to 12
inches) to giant (more than 12 inches). ‘Many occur in well-
defined rock units that are mineralogically or texturally distinet
from adjacent units in the same pegmatite. The distribution of
these units is definitely related to the over-all structures of the
body and to minor structures within it and in the adjacent coun-
try rock.

The distribution of minerals within each unit also obeys cer-
tain general rules, although it is irregular in detail. This irregu-
larity has-caused some investigators to conclude that the deposits
are so complex that no broadly consistent features are present.
On the other hand, Just’s tentative suggestion?! that several of
the pegmatite minerals occur in recognizable concentrations or
“shoots” demonstrates his realization that many if not most of
the irregularities are only superficial.

21 Just, Evan, Geology and economic features of the pegmatites of Taos and Rio Arriba
Counties, New Mexico: N. Mex. School of Mines, State Bur. Mines and Min. Res. Bull. 18,
p. 47, 19817.
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A general orderliness in the distribution of mineralogic and
lithologic units in many pegmatites has been long recognized.
References to segregations, veins, lenses, layers, bands, streaks,
and ribs of massive quartz are common in reports written 20 to
40 years ago. Moreover, it has been recognized that cavities,
concentrations of many unusual minerals, and concentrations of
economically desirable minerals tend to occur at specific positions
within a given deposit. For years, however, the attention of
geologists was focused more upon the mineralogy of such units
than upon their structure. More recent investigators have placed
increasing emphasis upon the detailed mapping and structural
interpretation of individual parts of pegmatites and have demon-
strated the economic value of such studies in exploration, devel-
opment, and mining.?2 That concentrations of economically desir-
able pegmatite minerals tend to occur in rock units distinet from
adjacent barren units has been repeatedly confirmed by careful
studies in many areas. On the other hand, few homogeneous peg-
matite deposits are known to contain such minerals in concentra-
tions rich enough to permit profitable mining operations under
present economic conditions. The concept of pegmatite units
provides a convenient means for classifying and systematically
analysing the concentrations of useful pegmatite minerals. Thus,
deposits of a given structural type can be compared with those of
other types, not only 4s to size, shape, and richness, but on the
basis of mining and extraction costs, quality of production, and
other economic factors. :

Detailed mapping and study of individual deposits in the
Petaca district have raised many questions concerning the na-
ture, significance, recognition, and nomenclature of structural
and petrologic units in pegmatites. Some must remain unan-
swered until more complete basic data become available, but ten-
tative answers to others can be given. The general concepts upon

22 See, for example: .

Smith, W. C., and Page, L. R., Tin-bearing pegmatites of the Tinton district, Lawrence
County, South Dakota: U. S. Geol. Survey Bull. 922-T, 35 pp., 1941.

Olson, J. C., Mica-bearing pegmatites of New Hampshire: U. S. Geol. Survey Bull. 931-P,
pp. 373-376, 1942.

Bannerman, H. M., Structural and economic features of some New Hampshire pegmatites:
Niw Hampshire State Planning and Dev. Comm., Min. Res. Survey, Part VII, 22 pp.,
1943.

Page, L. R., Hanley, J. B., and Heinrich, E. Wm., Structural and mineralogical features
of beryl pegmatites (abstract): Econ. Geol., vol. 38, pp. 86-87, 1943.

Cameron, E. N., Larrabee, D. M., McNair, A. H., and Stewart, G. W., Characteristics of
some New England mica-bearing pegmatites (abstract) : Econ. Geol, vol. 89, p. 89, 1944.

Jahns, R. H., and Wright, L. A., The Harding beryllium-tantalum-lithium pegmatites, Taos

. County, New Mexico (abstract) : Econ. Geol., vol. 39, pp. 96-97, 1944.

Olson, J. C., Parker, J. M. III, and Page, J. J., Mica distribution in western North Carolina
pegmatites (abstract) : Econ. Geol. vol. 89, p. 101, 1944.

de Almeida, S. C., Johnston, W. D., Jr., Leonardoes, O. H., and Scorza, E. P., The beryl-
tantalite-cassiterite pegmatites of Paraiba and Rio Grande do Norte, northeastern Brazil:
Econ. Geol., vol. 89, pp. 206-228, 1944.

Johnston, W. D., Jr., Beryl-tantalite pegmatites of northeastern Brazil: Bull. Geol. Soc.
America, vol. 56, pp. 1015-1070, 1945.

Cameron, E. N., Larrabee, D. M., McNair, A. H., Page, J. J., Shainin, V. E., and Stewart,

- G. W., Structural and economic characteristics of New England mica deposits: Econ.
Geol., vol. 40, pp. 869-393, 1945.
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which these answers are founded are outgrowths of studies in
the Petaca district, but they were developed more fully during
discussions with E. N. Cameron, A. H. McNair, L. R. Page, and
others who have been considering similar problems in other peg-
matite districts. They therefore represent the combined efforts
of many men. A fuller treatment of pegmatite units and the in-
ternal structure of pegmatltes is to be published elsewhere,?? but
the following extract is presented as a background for specific
analysis of the Petaca deposits.

The lithologic and structural units that can be recognized in
many pegmatite bodies comprise (1) fracture fillings, generally
tabular bodies that fill fractures in previously consolidated peg-
matite, (2) replacement bodies, formed at the expense of pre-
existing pegmatite with or without obvious structural control,
and (8) zones, which are successive layers or shells, complete or
incomplete, that commonly have boundaries roughly parallel to
those of the main body. All these units are distinguishable on
the basis of contrasting composition or texture, or both. Con-
tacts between units range from knife-edge sharpness to broad
gradation amounting to 5 feet or more. Some are straight or
uniformly curving, whereas others are very irregular.

The zones of a pegmatite, in ideal development, are succes-
sive shells concentric about an innermost zone or core. Some
concentric or partly concentric units, however, are not zones, but
result from fracture filling or replacement. The configuration
of true zones reflects the shape of the pegmatite body, as shown
in Figure 8A. In contrast, some of the zones are incomplete or
discontinuous, and all gradations exist between complete zones
and those that are developed only along one side or at one end
of a body. These incomplete units occur in a wide variety of
forms, of which lenses, layers, and pods are the most common
(Figure 8). Zones generally appear to result from development
of the pegmatite in successive stages inward from its walls.
Inner zones, or apophyses from these zones, commonly transect

outer zones; the reverse relation is unknown.

Zones are the earliest units to be formed within a pegmatite
body. In the Petaca district they do not appear to have been
formed by the wholesale replacement or metasomatism of pre-
existing pegmatite; but the possibility must be recognized of
primary reactions, in which freshly formed zones were attacked
and partially or wholly obliterated by solutions with which they
were. no longer in equilibrium. Distinction between such pri-
mary reactions and the later-stage replacement of fully or almost
fully formed pegmatite by hydrothermal solutions is not always
easily made, although the two processes are of fundamentally
different significance.

2 Cameron, E. N., Jahns, R. H., McNair, A. H., and Page, L. R., The internal structure
of granitic pegmatites: in preparation, 1946.
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As most pegmatites are not completely exposed in three
dimensions, incomplete zones may escape detection, either
through lack of exposure or through removal by erosion. More-
over, zoned pegmatites appear unzoned if only one unit is ex-
posed. As minable concentrations of desirable pegmatite min-
erals occur in specific parts of zoned bodies, the possible
presence of undetected zones beneath the surface may be of
considerable economic importance.

Structural units other than zones are formed in pre-existing
pegmatite, commonly with clearly recognizable structural con-
trol. In this sense they are secondary features. Fracture fillings
that are formed by the simple filling of fractures without replace-
ment of the walls are similar in many respects to non-pegmatitic
ores that were formed in open spaces. Fracture-controlled
replacement bodies are formed dominantly by replacement of
the walls of single fractures or groups of fractures. The form
of such bodies is commonly similar to that of the openings
from which it grew, although only the vaguest traces of primary
control may remain. Both fracture fillings and replacement
bodies may form at any stage after the consolidation of any part
of a zoned or unzoned pegmatite. They may cut across one or
more zones, generally those nearest the walls of the pegmatite.
These later bodies tend to transect the entire sequence of zones
or the entire pegmatite mass if it is unzoned. They then become
increasingly difficult to distinguish structurally from dikes
formed independently of the containing pegmatite.

Selective replacement, partial or complete, of a zone or group
of zones yields partial or complete zonal pseudomorphs. Many
such replacements are controlled by fractures, and units formed
in this way are merely special types of fracture-controlled re-
placement bodies. Perfect pseudomorphs, in which zone boun-
daries are not transected by the replacement, are rare, but for
practical purposes the overlap into adjacent zones ordinarily
can be disregarded. Another source of irregularity is the par-
tial replacement of zones. A partial zonal pseudomorph, as
well as typical fracture fillings and fracture-controlled replace-
ment bodies, is shown in Figure 3B.

ZONES
CLASSIFICATION

A classification of zones has been proposed by members of
the Geolovgipal Survey?¢ as follows: '

1. Border zones

2. Wall zones

3. Intermediate zones

4. Innermost zones or cores.

24 Cameron, E. N., Jahns, R. H., McNair, A. H., and Page, L. R., op. cit., 1946.
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Figure 3 shows a somewhat idealized plan of these zones in a
pegmatite body.

The border zones are fine-grained selvages that in most
pegmatites are not more than a few inches thick. Most are of
little significance in the mining or quarrying of pegmatites, and
hence in the industry are not distinguished from adjoining zones.
Wall zones, next inside the border zones, are coarser and much
thicker. Although they are actually the zones second from the
margins of pegmatite bodies, the designation ‘“wall zone” has
been retained in recognition of a terminology firmly established
in pegmatite mining. Since border zones rarely are economic
or mappable units, the term “wall zone”, though strictly a mis-
nomer, is nevertheless useful and widely understood.

The core or innermost zone generally occurs at or near the
center of the pegmatite. Any zone between the core and the
wall zone is an intermediate zone. Any number of intermediate
zones may exist, but few pegmatites contain more than three.
The innermost zone of a pegmatite cannot always be identified,
for not every core can be seen or even predicted with reasonable
assurance. Thus, a central unit identified as a core at one level
may prove to be an intermediate zone when the top of the true
core is exposed by subsequent mining (see Figure 12).

All units that can be distinguished on the basis of their
mineralogy or texture were mapped during the Petaca investiga-
tions. Zones are identified in several of the maps and sections.
Owing to lack of space, however, zones and and mappable com-
ponents of zones are not distinguished in most of the maps.

- BORDER ZONES

The border zones of pegmatites in the Petaca district range
widely in thickness and grain size. Some are sharply defined
and others fade into the country rock, the adjacent wall zones,
or both. Some cannot be designated on maps because they are
thin rinds, others because it is impossible to draw a line between
them and adjacent units. .

Most of the border zones are fine- to medium-grained aggre-
gates of microcline, quartz, and small amounts of mica, with or
without garnet, fluorite, and beryl. Such zones have sharp con-
tacts with the country rock and may have been formed through
rapid initial cooling of the pegmatite. They range in thickness
from a fraction of an inch to several feet, and are well developed
in the Cribbenville, Kiawa, Little Julia, Pinos Altos, and Queen
deposits, where they are readily distinguishable from adjacent
coarse-grained wall-zone pegmatite of nearly identical compo-
sition. Elsewhere, as in the Pino Verde, Silver Spur, and El
Floto deposits, this type of border zone is represented by a very
thin selvage that lies between coarse, microcline-rich pegmatite
and the country rock.
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A second type is a relatively thin mica-rich rind between
the country rock and the interior portions of the pegmatite.
Such border zones generally represent strong reaction with the
country rock and accompanying digestion of schistose material.
They are well shown in the Hidden Treasure and locally in the
White and Alamos deposits.

The broadest border zones occur in deposits around which
the country rock has been soaked with pegmatitic material, as
in the La Paloma, Conquistador, Eureka, Fridlund, Bluebird
No. 2, and parts of the Kiawa. Zones of this type are irregular
in detail and consist of medium to coarse aggregates of micro-
cline, quartz, and small flakes of pale green mica. Some are
also rich in albite-oligoclase feldspar. The mica flakes commonly
are oriented parallel with the foliation of the adjoining schist
and quartzite, and in many places this orientation is a relict of
the country-rock structure.

WALL ZONES

Most wall zones are well defined. They range in thickness
from a knife edge to several tens of feet, and generally consist
of coarse microcline and quartz, with minor quantities of mica,
garnet, fluorite, and beryl. Locally the quartz appears as irregu-
lar rods and spindles in the microcline to form rude graphic
granite. Where the zoning is not distinct, the coarse wall-zone
material commonly grades inward into pegmatite of nearly
identical composition but extremely coarse texture. Giant
crystals of microcline, some with well developed faces, form a
mosaic in quartz, and locally the quartz is present as relatively
pure masses several feet or more in diameter. Where zoning
is more distinct the interior units tend to differ markedly from
the wall zones in both composition and texture.

Some wall zones are so well developed that they form com-
plete or nearly complete envelopes around the interior portions
of pegmatites (Figure 8). Such zones are present in the Silver
Spur, Alma, North Star, and Pinos Altos deposits. Others are
incomplete, either because they were never fully formed or
because they were formed but partly removed through reaction
with solutions during original consolidation of the pegmatites.
These generally appear as lenses, layers, or trough-like hoods.
Excellent examples of such partial wall zones are present in the
White, La Jarita (middle and south dikes), and Nambe deposits.
Still others were complete or nearly complete, but have been
palrtially obliterated through the action of late-stage replacing
solutions.

INTERMEDIATE ZONES

The intermediate zones are probably the least regular of the
zonal units. They are not present in some deposits, but as many
as three occur in others. Such zones are rarely complete. They
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occur most commonly as hood-like units in the western (or
upper) parts of the plunging dikes, sills, pods, and inverted
troughs. Limbs of these hoods taper out along the sides of the
bodies—eastward in plan and downward in section (see Figures
3 and 4). Intermediate zones generally occur on the flanks of
normal trough-shaped bodies, as well as near their keels. Even
where incomplete, they wrap partly around the innermost zones
or cores.

The thickness of intermediate zones ranges even more widely
than that of wall zones. Where they are uniformly developed
as hood-like units, their thickness inereases progressively from
flanks to crest. In many other places their form is simpler,
though not necessarily more regular. They occur, for example,
as thin lenses, thick pod-like masses, layers of relatively uniform
thickness, or large, irregular masses without consistent form.
Thin lenses are most common, and generally extend beyond the
tapering ends of hoods (Figure 3).

The composition of these zones likewise has a wide range.
The most common rock types are (a) coarse blocky microcline,
(b) -coarse graphic granite, and (¢) massive quartz with scat-
tered microcline crystals 6 inches to 12 feet or more in diameter.
Where all three types are present in a west-plunging pegmatite
body, they can be traced on the surface as intermediate zones
in the order (b) - (a) - (c) from west to east. In cross section
they follow the same order from top to bottom. This sequence
is strikingly consistent, whether all three or only two of these
rock types are present, and only a few minor exceptions are
known. Typical intermediate zones occur in many Petaca peg-
matites, and are unusually well developed in the North Star,
Lonesome, Alamos, Globe, Nambe, and White deposits.

_ CORES

Cores or innermost zones occur near the keels of the pegma-
tite, and hence appear near the east ends of their surface expos-
ures (Figures 3 and 4). They generally consist of massive
quartz, with or without scattered large crystals of microcline.
The cores of a few zoned deposits are coarse-grained microcline-
quartz pegmatite, with or without graphic granite. Like the
outer zones, cores commonly have the shape of the adjacent
walls of the pegmatite. They generally appear in the thickest
part of the body. The core may be a single body, or it may be
discontinuous and appear as a centrally located chain of thin
lenses or thicker pod-like masses. Single cores range from
long thin spines to thick ellipsoidal or pipe-like masses. They
seem to represent the last zone to form in all the deposits.



DVEONR)
QY

7. Border zorne . Outer intermediate zone
z. Wall zone v Inner intermediate zane
7 Core

o 0 20 30 <0 S0

Seale in feet

Idealized series of sections showing characteristic three-dimensional distribution of zones in a

FIGURE 4.
dike-like pegmatite body, Petaca district.




48 PEGMATITES
OTHER STRUCTURAL UNITS

FRACTURE FILLINGS

Most fracture fillings in the pegmatite bodies consist of
quartz, with or without albite, samarskite, fine-grained mica,
sulfides, and bismuth minerals. These quartz veins range in
thickness from a fraction of an inch to a foot or more. Some
cut across entire pegmatite bodies, transecting all zones and
zonal boundaries. Other, earlier veins cut one or more outer
zones but merge into a quartzose portion of an intermediate zone
or the core. Most of the fracture-filling quartz is clear and
colorless to milky white or light gray, but some of the latest veins
consist of light to dark smoky quartz that commonly contains
scattered small masses of samarskite.

Veinlets of coarse platy albite (cleavelandite) occur in the
massive quartz, blocky microcline, and coarse microcline-quartz
pegmatite of many deposits. They follow irregular fractures in
quartz, and cleavage-controlled fractures in the potash feldspar.
Where abundant, they form rectangular to irregularly anas-
tomosing networks. Some appear merely to have filled open
spaces, but most have partly replaced the fracture walls. Frac-
ture-filling veinlets of late-stage microcline are rare, but are
present in the Lone Wolf deposit, where they cut graphic granite,
and in the Cribbenville deposit, where they cut microcline and
quartz. The feldspar veins are markedly less continuous than
the quartz veins. Fracture fillings occur in nearly all the peg-
matites, but they are especially well exposed in the Apache,
Kiawa, Cribbenville, Globe, La Jarita, Alamos, Coats, Sandoval,
and Keystone-Western deposits.

Some of the veins consist of layers that are generally 14 inch
or less in thickness and are conformable with the fracture walls.
Many seem to have been formed by repeated fracturing and
subsequent deposition of material having the same or different
compositions. The origin of other layers is obscure. The wall-
to-core sequence in the layered veins generally is quartz—smoky
quartz, feldspar—quartz, or feldspar—quartz—smoky quartz.
Quartz, albite, and smoky quartz, deposited in the order named,
occur in the north incline of the Globe mine and in the footwall
stopes of the White mine.

REPLACEMENT BODIES

Albite and muscovite are the chief constituents of the frac-
ture-controlled replacement bodies in the Petaca pegmatites.
Some of these bodies are fracture fillings that have corroded the
fracture walls. Further corrosion has produced irregular vein-
lets or groups of veinlets; and where corrosion was nearly com-
plete, only remnants of the original material are left. These
remnants may represent the cores of original fracture blocks.
Thus all gradations in the replacement of quartz by cleavelandite
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can be seen in the cores of the Globe and Cribbenville pegma-
tites. The pattern of veinlets and larger, less regular masses
of the replacing material is a characteristic result of partial
replacement of a fractured homogeneous material. -
Where the original material in these pegmatites was hetero-
geneous, most of the replacement was distributed in greater
detail throughout the rock, chiefly because the controlling frac-
tures were more closely spaced. Fractures in the typical wall-zone
pegmatite, a coarse-grained microcline-quartz rock, extended not
only through the constituent minerals but also along contacts
between minerals. Thus fractures and grain boundaries com-
bined to furnish many avenues of access for the replacing solu-
tions, and the resulting albitization was widespread, regardless
of its degree. An appreciable amount of fracture-controlled
albite and mica is present in the wall zone of every pegmatite in
the district, and many of these zones have been almost completely
replaced. The albite, generally accompanied by muscovite, con-
tains scattered crystals of beryl, bismuth minerals, columbite-
tantalite, fluorite, garnet, monazite, samarskite, sericite, and
sulfides.

Although the origin and control of these small masses of
albite are evident from careful inspection of outcrops, mine
workings, and dump specimens, the origin of other, somewhat
larger bodies is not so plain. Such bodies generally appear as
rosettes, “pillows”, “bursts”, or masses without distinctive shape
(Figure 8B). A few that evidently were only partially formed
indicate an original control by fractures, and the others prob-
ably represent fracture-controlled replacement bodies in which
little or no trace of the primary fractures remains. They are
present in all types of pegmatite, are common along contacts
between zones, and are particularly abundant along the marging
of quartz cores. Their size and number seem to be in direct

- proportion with the relative abundance of albite.

Individual rosettes or “bursts” of albite range in diameter
from a few inches to more than 11 feet, and cleavelandite crystals
within them are 14 inch to 5 inches long. The long dimensions
of the crystals lie normal to the outer surface of the body in
which they occur. Layered structures are common. The outer
2 to 6 inches of a series of large rosettes exposed in the No. 1
adit and adjacent stopes of the Apache mine consist of alternat-
ing layers of smoky quartz and cleavelandite, ranging in thick-
ness from 14 inch to 1 inch. This structure is interpreted as a
result of diffusion,? possibly involving reaction with the adjacent

2% For discussions of diffusion and diffusion layering, see:

Liesegang, R. E., Geologische diffusionen, Dresden and Leipzig, 1913.

Knopf, Adolph, Geology of the Seward Peninsula tin deposits: U. S. Geol. Survey Bull. 358,
pp. 45-49, 1908.

Whitman, A. R., Diffusion in ore genesis: Econ. Geol., vol. 23, pp. 473-488, 1928.

Lindgren, Waldemar, Mineral deposits, pp. 176-177, New York, 1933.

Jahns, R. H., “Ribbon rock’’, an unusual beryllium-bearing tactite: Econ. Geol., vol. 39,
pp. 186-189, 203-204, 1944.
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rock, which is chiefly massive quartz. Many individual “bursts”
and cauliflower-like aggregates of such masses are fringed with
layers of small pale-green mica books 14 inch to 6 inches thick.
These generally occur where the bounding material is microeline
or microcline-rich pegmatite, and they may well represent reac-
tion between the replacing solutions and the potash feldspar.
An unusual type of layering is present at the margins of a broad
aggregate of albite “bursts” in one of the pegmatites of the Alto
group. The outer surfaces of the “bursts” are marked by a
concentration of small yellow mica books, well-formed tabular
garnet crystals as much as 14 inch in maximum dimension, and
scattered tiny masses of samarskite, columbite, and monazite.
Inside this layer is a 1- to 114-inch layer of cleavelandite, fol-
lowed locally by a very thin layer that contains many small
masses of garnet and columbite. The remainder of each “burst’
is cleavelandite.

Zone pseudomorphs have been formed where replacement of
zones has been complete or nearly so. The wall zone of the
Hidden Treasure deposit, for example, has been so thoroughly
impregnated with albite and mica that it has lost its identity.
Small residual mineral masses are the sole evidence that it was
originally a coarse-grained microcline-quartz rock with small’
quantities of garnet, fluorite, and beryl. More commonly the
replacement is less complete. The line of distinction between zones
and partial zonal pseudomorphs in such deposits is necessarily
arbitrary, even where the relations themselves are clear.

Partial pseudomorphs of zones generally occur as lenses or
hood-like sheaths along the keels of pegmatite bodies, and hence
appear at or near the eastern ends of their outcrops. They have
commonly been formed at the expense of wall zones, although
they tend to transect the boundaries between wall zones and
adjacent cores or intermediate zones. Such secondary units are
well exposed in the North Star deposit, where the east half of-
the wall zone has been thoroughly albitized, and in the Alamos
deposit, where similar replacement has occurred in the eastern
portion of the wall zone in each pegmatite body. Such partial
pseudomorphs taper out upward and westward along the inner
margins of the wall zones, as shown in the Pino Verde, Nambe,
Fridlund, and White deposits. Their positions appear to have
been governed by fractures along such margins. '

* Where albitization has been particularly extensive, the entire
core has been replaced, and the resulting unit thus comprises
a pseudomorph of the core and partial pseudomorphs of the bor-
der zone, wall zone, and possibly even an intermediate zone. The
keel of the main Cribbenville body has been thus affected, and
only remnants of the zones remain. Similar composite pseu-
domorphs of zones occur in the Silver Plate deposit, and prob-
ably in the Red deposit. Just as the Petaca pegmatites show all
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degrees of albitization, they also illustrate all stages in the pro-
gressive development of composite zonal pseudomorphs.

Another type of imperfect pseudomorph involves the selec-
tive replacement of certain minerals in a zone to form partial
or complete mineral pseudomorphs but only a partial zone pseu-
domorph. Thus, many of the giant microcline crystals in the in-
ner intermediate zone of the main Cribbenville dike have been
replaced by sugary albite, but the surrounding massive quartz
has not been affected. Similar replacement is less complete in
the Freetland, Globe, Apache, and many other deposits.

"RELATIONS BETWEEN PEGMATITES
AND QUARTZ VEINS

Detailed maps of several areas in the Petaca district (see
Plates 7, 8, 13, 16, 17, 18) and supplemental detailed observa-
tions in other areas demonstrate that few of the quartz veins are
connected with pegmatite bodies at the present surface. More-
over, it seems likely that few are connected at depth, although
a close genetic relationship is suggested. A few veins are sen-
sibly later than the primary pegmatites, for they cut across en-
tire dikes. Others are later than some parts of the pegmatites
and essentially contemporaneous with other parts, as they cut
some of the outer zones and merge with the intermediate zones
or cores. Well-exposed examples occur in the La Jarita (north
dike), Hidden Treasure, and Navajo deposits.

Many of the veins have been fractured and partly albitized
“in the same manner as the neighboring pegmatites. The similar-
ity is more marked where quartz veins actually grade into peg-
matite. Some veins can be traced for tens or even hundreds of
feet as bodies of apparently pure quartz or quartz with only small
and scattered quantities of albite. As traced farther, however,
they become markedly pegmatitic, chiefly through the addition of
microcline along their walls. As the amount of microcline in-
creases, thin but well-defined wall zones c¢an be recognized and
the massive quartz becomes a pegmatite core. Such gradations
can be traced along the strike of many veins, although these
veins constitute a very small proportion of the total. Unusually
clear-cut examples include the Maulsby (east end), Cribbenville
(east end of south body), Keystone-Western (end of south limb),
Kiawa (many veins on both sides of main pegmatite), and
Coyote deposits.

The quartz cores of several deposits can be traced into cross-
cutting quartz veins that extend out to the walls of the contain-
ing bodies and thence along the walls. Such features superficially
resemble quartzose border zones but actually are later fracture-
fillings that are essentially contemporaneous with the innermost
zones or cores. They may be mistaken for border zones where
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later albitization has obscured relationships. Such quartz veins
also occur along zone contacts, where they may be easily mis-
taken for partially developed wall or intermediate zones. The
critical crosscutting portions have commonly been masked by
later replacement, or are not exposed, so that the interpretation
of many of these features is doubtful. Quartz bodies of question-
able age are present in the Little Julia, Triple EEE-A, and Ala-
mos deposits.

Throughout the district the quartz veins appear to be con-
temporaneous with or slightly later than the nearby pegmatites.
This tentative generalization is based upon the structural rela-
tions as outlined above and upon similarities in the sequence of
deformation and late-stage mineralization in each type of deposit.

WALL-ROCK ALTERATION

The emplacement of many of the Petaca pegmatite bodies
appears to have been controlled by fractures in the pre-Cambrian
quartzite and schist, but for some the evidence of structural con-
trol is lacking. The distribution and orientation of the fractures
must have been governed in turn by other widespread and uni-

FIGurRE 5. Diagrammatic sketch showing typical gradational contact
relations between pegmatite and country rock in parts of the Petaca
district.

a—slabby micaceous quartzite.

b—quartzite with muscovite-rich partings and disseminated small
flakes of muscovite.

c—mica-impregnated quartzite with metacrysts of microcline and
albite-oligoclase.

d—fine-grained mica-rich contact zone of pegmatife.

e—medium-grained microcline—quartz—albite-oligoclase—albite—
muscovite pegmatite.

f—large book of muscovite.

g—inclusion of altered quartzite (lithologically similar to that in
unit ¢).
h—coarse-grained microcline-quartz pegmatite.
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form controls, as shown by the essential concordance of many
structural features in both the pegmatites and the country rock.
Some of the pegmatite bodies were confined between the walls of
the fractures into which they were injected, and the adjacent
country rock has been little affected by them. Others broke
through the fracture walls to send out many small branches or
apophyses, and still others literally soaked through the walls
both before and during their consolidation. The latter type of
pegmatite has produced the most profound alteration of the
country rock.

A characteristic sequence of alteration is illustrated in Fig-
ure 5. The poorly defined pegmatite contact is marked by a dis-
tinct concentration of fine-grained pale-green muscovite. The
adjacent country rock is also rich in mica, is thinly foliated, and
has been impregnated with rudely formed metacrysts of micro-
cline, albite-oligoclase, or both. These metacrysts are 15 to 14
inch in diameter, and decrease in number away from the con-
tact. Beyond the zone of metacrysts the country rock has been
impregnated with fine-grained feldspar and mica. The mieca is
not only uniformly disseminated through the foliated rock, but
also forms numerous pale-green partings /s, to 14 inch thick.
Farther from the contact this quartz-mica schist grades into the
normal slabby, slightly to moderately micaceous quartzite. Most
of the crenulated micaceous layers disappear entirely, but a few
continue into the quartzite as much thinner and more uniform
partings. Sequences of this type can be followed at many de-
posits. At some they are complete within a few feet, as at the
Pinos Altos and La Jarita; at others within a few tens of feet,
as at the La Paloma and Cribbenville; or at still others they may
extend for many tens of feet, as in parts of the Kiawa area.

Some pegmatites are even less clearly defined than that
shown in the sketch (Figure 5). Some broad border zones appear
to consist almost wholly of pegmatitic material, but in them the
orientation of mica flakes and small feldspar masses is plainly
a relict structure of impregnated and replaced quartzite and
schist. The line between such rocks and the adjacent country
rock is not easily drawn. Bodies of hybrid border-zone material
several feet or more thick are present in the La Paloma and Key-
stone-Western deposits, and locally in the Coats deposit. They
are most numerous along the footwalls of the pegmatites.

An intricate series of branching pegmatite stringers, ex-
posed in an open cut at the Vestegard deposit, illustrates some
typical contact relations on a small scale. The stringers are 1,
inch to 15 inches thick, and consist of coarse microcline with minor
quantities of quartz, albite, and mica. The potash feldspar is
smoky gray, white, and blue green. The branching network is
further marked by irregular protuberances and long narrow
branches that extend into the country rock, a thinly foliated
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schist. This schist has been so thoroughly impregnated with
pale-green mica and fine-grained, blue-green microcline that it is
distinctly colored by these minerals. It also contains larger
lenses and “knots” of blue-green microcline, with or without mica
and albite. Away from the pegmatite stringers the schist pro-
gressively loses its blue-green color as the amount of feldspar
diminishes, becoming a faintly greenish gray.

At several deposits the quartzite has not been converted to
mica-rich schist, but instead has been permeated with fine-
grained feldspar and small thick books of muscovite. This type
of alteration, which is widespread on the slopes immediately west
and northwest of Petaca, is especially clear at the Bluebird de-
posit. Here slabby to thick-bedded quartzite has been impreg-
nated with sugary microcline and albite-oligoclase in poorly de-
fined belts that flank the thin pegmatite (see Figure 16); and
books of muscovite 14 inch in average diameter and 14 inch in
average thickness are scattered through the rock without visible
orientation. Weathered surfaces of this altered country rock
are buff to light brown, and feel spongy when struck with a
hammer. : :

Less obviously related to pegmatite bodies are broad, re-
markably continuous belts of micaceous country rock. Some are
extremely rich in mica and have lost all resemblance to the
quartzite from which-they were formed. Their contacts with
adjacent quartzite, although not sharp, are easily recognized.
These micaceous belts follow bedding and foliation planes in de-
tail, but in general trend across the country-rock structure:at
acute angles. They have been mapped in the Alma, Apache,
Queen, and Kiawa areas. They are clearly related to the distri-
bution of quartz veins and lenses in the Kiawa, Alma, and sev-
eral other areas, but elsewhere they appear to be the result of
impregnation along fracture or shear zones. Small-scale “soak-
ing” of platy quartzite by mica at a prospect half a mile east-
northeast of the Eureka deposit was guided not only by foliation
planes but by fractures nearly conformable with the axial planes
of small folds. : :

Where amphibole schist lies against pegmatite, as in the
Green Peak deposit, it has been converted to a dense aggregate
of biotite flakes whose average diameter is about 14 inch. Far-
ther from the pegmatite contacts these flakes are somewhat
larger but are widely scattered. Similar biotitization near the
Alma pegmatite can possibly be ascribed to the alteration of thin
amphibolite dikes and small pod-like intrusive masses, although
no traces of the original material are now present.
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ESSENTIAL MINERALS
FELDSPAR

Feldspar is a general term applied to a group of aluminum
silicates and includes several mineral species. Orthoclase and
microcline are the common potash feldspars; of these microcline
(KAISizOs) is more abundant in the Petaca district. The plagio-
clase or soda-lime feldspars form a series ranging in composition
from albite (NaAlSi;Os) to anorthite (CaAl,Si,Og). This series
is arbitrarily divided into six mineral species. Albite and oligo-
clase, the two most sodic members, are present in the Petaca
pegmatites. )

Microcline, the most abundant mineral in the pegmatites,
ranges from fine-grained sugary crystalline aggregates to well-
formed crystals 12 feet or more in diameter.. It commonly occurs
as irregular subhedral masses 6 inches to 5 feet in diameter.
Most of these are equant, though many have been somewhat cor-
roded by albite and other minerals. Microcline is the chief con-
stituent of the wall zones and also occurs as an essential mineral
in most border zones. In the interior zones it is generally present
as large crystals in massive quartz or as nearly pure aggregates
of coarse poorly formed crystals. The long dimensions of some
of these aggregates are 30 feet or more. Most of the pegmatite
that contains much microcline is hard and forms relatively con-
tinuous outcrops.

The potash feldspar is white, light to dark gray, flesh to deep
brick red, and pale green to blue green. Flesh and deeper shades
of red are most common. Many crystals are zoned, with gray
cores and outer portions of blue green, green, or white; samples
of such material can be seen on the dumps at the La Paloma, ’
Vestegard, and St. Joseph deposits. Nearly all the microcline
contains very thin platy to spindle-shaped subparallel lenses of
sodic plagioclase in perthitic intergrowths. Such lenses are 0.01
inch or less in thickness. Their thickness, which tends to in-
crease with the size of the microcline crystals, reaches a maximum
of about 0.05 inch. Although the potash feldspar is really micro-
cline perthite, it is termed microcline in this report.

Most of the albite in the Petaca pegmatite is extremely
sodic (Abge--Abgy). It occurs as fine-grained sugary crystalline
aggregates and as groups of coarse platy crystals of the variety
cleavelandite. These are 14 inch to 5 inches long, /46 inch to 4
inches wide, and 0.01 inch to 14 inch thick. Their average di-
mensions are approximately 1 inch, 14 inch, and 0.05 inch, re-
spectively. The ends of the crystals are characteristically curved
or warped, and in many deposits entire crystals are curved. This
is one of the most reliable means for recognizing cleavelandite.
Fine, closely spaced ruling of twin lamellae can be seen along
the sides of some crystals.



TABLE 2. LIST OF MINERALS IN THE PRE-CAMBRIAN
ROCKS OF THE PETACA DISTRICT

Occurrence

Pegmatites Quartz Granite ‘Metamorphiec
veins rocks 2

Mineral

Albite x X x

Andalusite x x

Apatite*

Azurite*

Beryl

Biotite

Bismuth*

Bismuthinite*

Bismutite and other
secondary bismuth
minerals

Bornite *

Calcite

Cassiterite* ®

Chalcedony

Chalcocite

Chalcopyrite

Chlorite

Chrysocolla

Clinozoisite X X

Columbite-tantalite

Covellite*

Cuprite*

Dumortierite

Epidote

Fergusonite* °

Fluorite

Gadolinite* ¢

Galena

Garnet
(chiefly spessartite
and almandite)

Gummite*

Hematite

Hornblende
(and other
amphiboles) b'4 b'd

Ilmenite b'¢ X b'q X

Kaolinite (and other
clay minerals)

Kyanite

Lepidolite*

Limonite

Magnetite

Malachite*

Manganese oxides

o
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* Rare.
2 Includes mineralized zones with or without pegmatite bodies or quartz veins.

b Reported by F. A. Jones in N. Mex. School of Mines, Min. Res. Survey Bull. 1, p. 74,
1915, and by S. A. Northrop, Univ. of N. Mex. Bull,, Geol. Ser., vol. 6, no. 1, p. 102, 1942.
¢ Reported by Harry Berman in letter cited by S. A. Northrop, op. ¢it., p. 140, 1942.

4 Tentatively reported by F. L. Hess and R. C. Wells, Amer. Jour. Sci., 5th ser., vol. 19,
p. 20, 1930. :
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TABLE 2 (Continued)

Occurrence

Pegmatites Quartz Granite Metamorphic
veins rocks 2

Mineral

Microcline X b'd X
Molybdenite X

Monazite
Muscovite
Oligoclase
Phenakite* ¢
Phlogopite *
Pyrite
Quartz
Roscoelite *
Samarskite
Scheelite*
Sericite
Serpentine
Sillimanite :
Sphene x
Staurolite

Tale

Topaz b 4
Tourmaline
Uraninite*
Uranophane?
Yttrotantalite &
Zircon X

]

X X

R RVE BNV A
MM M 4
MMM MMM MK MK

MM MM

* Rare.

¢ Occurrences reported by several prospectors and miners. One sample, stated to be
from the Petaca district, was tested and found to be phenakite. .

f Reported by Just, Evan, in N. Mex. School of Mines, State Bur. Mines and Min. Res.
Bull. 13, p. 46, 1937. .

8 Tentatively reported by Harry Berman and Clifford Frondel in private communication
cited by Charles Palache, Harry Berman, and Clifford Frondel, Dana’s System of Mineralogy,
seventh - edition, vol. 1, p. 800, 1944.

Most of the albite is lustrous and white, but bluish, flesh,
and brownish shades are common. Some aggregates of crystals
are deep brick red, especially where they surround or lie against
masses of monazite, purple fluorite, or tantalum minerals. Al-
though some crystals and fine-grained crystalline aggregates are
hard, most coarse masses are relatively soft and crumbly. This
is particularly true of the brick-red material. The albite locally
resembles microcline in color, but it can be distinguished mega-
scopically by its crystal habit, twinning lamellae, curving or warp-
ing of its crystals, and lack of perthitic structure, and less reliably
by its occurrence in fine-grained aggregates and its tendency to
crumble when struck with a hammer,

Albite is present chiefly as (a) fine-grained pseudomorphs
and partial pseudomorphs of crystals and irregular masses of
microcline; (b) crosscutting veins and larger masses; (c)
rosettes, “pillows”, or “bursts”; and (d) scattered concentrations
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FIGURE 6. Idealized plans of typical Petaca pegmatite bodies showing plunges and characteristic
distribution of mineralization.
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that generally constitute a small proportion of the host rock.
Cleavelandite appears to be more abundant than sugary albite,
although there are all gradations between the two, both in grain
size and crystal habit. Crystals of cleavelandite, particularly the
larger ones, tend to be oriented with their broad surfaces normal
to the contacts with other minerals. They commonly lie trans-
verse to the fractures in which they were formed, so that subse-
quent fracturing has tended to shatter them and permit ready
access of solutions from which later minerals were deposited.
The tendency of the cleavelandite to be grouped in curving sheaf-
like aggregates is exemplified by rosettes and similar features in
which the mineral forms concentric layers.

Albite-oligoclase feldspar (Abgo=) is present in the border
zones of several Petaca pegmatites, as well as in quartzite and
schist that has been invaded by pegmatite. It occurs as small
irregular masses and poorly formed crystals that are bluish to
creamy gray in color and range in diameter from 14 inch to 114
inches. Many of the cleavage surfaces are marked by polysyn-
thetic twinning. The albite-oligoclase is distinct in appearance
and mode of formation from the albite. It appears to have been
formed slightly before, as well as during, the early crystallization
of microcline. Many crystals have been transected and corroded
by the potash feldspar and by the later-stage hydrothermal
cleavelandite and sugary albite. These relations are especially
clear in the border zone of the main Kiawa pegmatite, where al-
bite-oligoclase is cut by thin irregular veinlets of microcline and
both feldspars are partially replaced by cleavelandite.

QUARTZ

Quartz is almost as abundant in the pegmatites as microcline,
and is even more widespread. It is present in those portions of
the pegmatites that were first to consolidate, it occurs as late-
stage veins that cut across all other units in the pegmatites, and
it is present in most of the units formed during intermediate
stages. Thus it seems to have been formed throughout the period
of pegmatite activity. The quartz is generally milky white to
light gray, although smoky and clear colorless varieties also oc-
cur. It is nearly everywhere massive, and commonly containg
crystal impressions of other minerals that grew in it or around
which it grew.

Quartz occurs chiefly as large masses in pegmatite cores or
other zones, as quartz veins, and as an irregular interstitial fill-
ing in microcline-rich pegmatite (see pages 42-52). Small clear
prismatic crystals of low-temperature quartz commonly occur in
cavities in wall zones and albite-rich bodies, and are /16 to 14
inch in diameter and 14 inch to 2 inches long. Average dimen-

- sions are about 14 inch and 14 inch, respectively. This late-stage
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well-crystallized quartz represents a negligible proportion of the
total. ‘

Quartz also occurs in graphic granite, in most of which it
forms crude patterns. Such pegmatite consists of coarse gray,
flesh-colored, or green microcline with scattered short thick
spindles of white to smoky quartz. In the La Paloma, Vestegard,
El Contento, Triple EEE-A, and Hillside deposits, the spindles
are 13 inch to 114 inches in diameter (about 34 inch in average
diameter). As the spindles are generally an inch or more apart,
many hand specimens contain only one of them. Normal well-
formed graphic granite is present in several other deposits,
notably the Kiawa, Cribbenville, Pavo, Blanca, and Guadalupe,
where the quartz forms striated tablets, spindles, and rods that
are ovoid, rectangular, and L-shaped in section. Their average
thickness is 13 inch, and they are spaced 14 to 1% inch apart in
subhedral microcline masses a foot or more in diameter. Some of
the masses of feldspar are as large as 4 by 6 feet on an outcrop
surface. The graphic granite generally occurs near the west and
uppermost ends of the pegmatites, and grades westward into
massive microcline and eastward into quartz or quartz-microcline
pegmatite.

MICA

The mica group includes several mineral species, only one of
which, muscovite, is abundant in the Petaca pegmatites. Mus-
covite, or potash mica, is a silicate of aluminum with potassium
and hydroxyl, commonly 2H,0.K;0.3A1,04.6Si0, or (OH),
K.Al, (SigAly;) Os. Its properties, on which its commercial
clagsification directly depends, are discussed in detail on pages
76-79.

Fine-grained muscovite is a common constituent of the peg-
matite border zones and of country rock that has been altered by
pegmatitic solutions. It is also present as late-stage veneers and
thin layers in fractures, and locally as almond- and turnip-shaped
pods or “slugs”. Coarse muscovite is commonest in the wall
zones, particularly along contacts with cores or intermediate
zones. It ranges in concentration from scattered small crystals,
or books, to large masses that consist almost wholly of mica and
attain a diameter of 25 feet. The mica of the Petaca district is
consistently associated with albite, and this association is
thought to be of genetic significance. It is also of economic
importance. .

ACCESSORY MINERALS
GENERAL FEATURES

Nearly fifty minerals have been recognized as minor con-
stituents of the Petaca pegmatite deposits. Biotite, chalcedony,
chlorite, hematite, kaolinite, limonite, manganese oxides, and
sericite are widespread. Most of these are of secondary origin
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and replace pre-existing pegmatite minerals or inclusions of
country rock. A few, notably the biotite of some border zones
and the manganese and iron oxide inclusions in some mica books,
are probably primary. Many other minerals occur rarely in a
few deposits. These include apatite, azurite, bismuth, bismuthin-
ite, bornite, cassiterite, covellite, cuprite, fergusonite, gadolinite,
galena, gummite, lepidolite, phenakite, phlogopite, pyrite, roscoe-
lite, scheelite, topaz, tourmaline, uraninite, and uranophane.
Many of these are also present in quartz veins; sulfides, secondary
copper and lead minerals, scheelite, and tourmaline are common
in such deposits. Andalusite, calcite, dumortierite, epidote,
kyanite, and molybdenite occur in quartz veins but not in the peg-
matites.

The accessory minerals most characteristic of the Petaca
pegmatites are spessartite garnet, fluorite, beryl, columbite-
tantalite, samarskite, monazite, bismutite and other secondary
bismuth minerals, ilmenite, magnetite, pink muscovite, copper
sulfides, secondary copper minerals, and secondary uranium min-
erals. The first seven of these minerals occur in more than half of
69 deposits examined in detail, and most of the others are more
widespread than heretofore supposed (see Table 8). This search
was by no means exhaustive ; hence it seems likely that these min-
erals are even more widespread than is shown by the figures in
the table. Ilmenite, magnetite, secondary bismuth minerals, sul-
fides, and secondary copper minerals are also common in quartz
veins, and beryl and fluorite occur in a few places with ilmenite
and columbite in mica-rich schist.

The minerals listed in Table 3 constitute an accessory suite
that is representative of the Petaca pegmatites but is not typiecal
of pegmatites in other areas. They plainly show that beryllium,
bismuth, columbium, copper, fluorine, manganese, the rare
earths, tantalum, titanium, and uranium are the most abundant
of the so-called rare constituents in these pegmatites. This ac-
cessory suite, together with the consistent structure and mineral
composition, establish the Petaca deposits as a well-defined peg-
matite province.?® The most significant properties and mega-
scopic relations of these accessory minerals are discussed in the
following paragraphs. As several are of potential economic
value, the discussions are aimed at facilitating their identifica-
tion in the field.

GARNET

Spessartite, the manganese-aluminum garnet, occurs in
nearly every pegmatite in the district and is the most abundant
and widespread accessory mineral. It is commonest in wall
zones, but is also present in many border zones and in some in-
termediate zones. Small euhedral crystals, 14 inch or less in

2 Heinrich, E. W., and Jahns, R. H., The accessory minerals of the Petaca pegmatites,
Rio Arriba County, New Mexico: in preparation, 1946.

°
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TABLE 3. OCCURRENCE OF TYPICAL
ACCESSORY MINERALS IN.PETACA PEGMATITES

Number of Percentage of all

deposits in deposits examined
Mineral which mineral (69) in which min-
was observed eral was observed
Garunet 69 100
Green fluorite 63 91
Columbite-tantalite 60 87
Monazite 57 83
Bismutite, etc. 48 . 70
Beryl 46 67
Samarskite 40 58
Oxidized copper minerals 23 33
Ilmenite ) 16 23
Purple fluorite 14 20
Sulfide minerals 14 20
Magnetite 11 16
Secondary uranium minerals 11 16
Pink muscovite 8 12
Apatite 3 4
Uraninite 2 3
Lepidolite 1 1+
Tourmaline 1 14+

diameter, and rounded crystals and crystalline aggregates 2 feet
or more in maximum diameter, are commonplace. Both large and
small crystals are generally scattered evenly through the pegma-
tite. The garnet is lustrous and wine-red to cinnamon-colored
where fresh, but dull and buff to tan where partially altered.
Cores of unaltered material are present in many crystals and in
crystal fragments bounded by fractures. Some crystals are
rimmed with fine-grained pale-green chlorite. Most of the garnets
whose diameter exceeds 14 inch are greatly fractured, and
crumble easily to a fine-grained grit. This characteristic and
the high specific gravity of the mineral identify it readily
wherever the crystal form is not well developed. A small part
of the garnet occurs as flattened relatively transparent crystals
in books of mica. They are 13 to 34 inch in diameter, and are
generally less than 14, inch thick.

FLUORITE

~ Two varieties of fluorite (calcium fluoride, CaF,) are pres-
ent in the Petaca district. Pale-green rounded equant masses
and crudely formed crystals 14, inch to 7 feet in diameter are
common. Like garnet, this green fluorite occurs mainly in wall
zones, but locally in border zones and intermediate zones, and
rarely as flattened crystals in mica. Most of the larger masses
have been shattered along cleavages and are crumbly. In some
places the fluorite has been altered and partially or completely

°
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removed, leaving cavities lined or filled with compact reddish-
brown clay or earthy yellowish-brown powder commonly con-
taining gritty fragments of the fluorite. The green fluorite of
the Petaca district has frequently been mistaken for beryl, but
its softness, cleavage, color, and high specific gravity are dis-
tinctive. )

The second variety of fluorite, which is relatively rare in the
Petaca district, is light to deep purple. It generally occurs as
small pods and thin veinlets in green fluorite, albite, or locally in
microcline or quartz.

-

BERYL

Beryl (beryllium-aluminum silicate, 3Be0.Al;03.65i0,)
is commonest in wall zones but exists in all zones. It also occurs
in some crosscutting veinlets and fracture-controlled replace-
ment bodies. - The beryl ranges from milky white through shades
of yellow-green and greenish-blue to rather deep blue. In the
Sunnyside, Bluebird, Hidden Treasure, and Werner deposits it .
is well crystallized in elongate hexagonal prisms. More com-
monly, however, it appears as anhedral masses. The Alma, Lone-
some, and Kiawa deposits contain irregular concentrations of
such material. Most of the beryl individuals are 14 to 10 inches
in maximum dimension, but several crystals 3 to 414 feet long
have been obtained from the Sunnyside deposit. Its hardness,
crystal form, and poor cleavage distinguish the mineral from
fluorite, and its color from most other minerals. Colorless beryl
resembles quartz, but has a distinct greasy luster.

COLUMBITE-TANTALITE

The columbite-tantalite series, (Fe,Mn) (Cb,Ta).0s -con-
sists of columbate-tantalates of iron and manganese. The com-
monest mineral of the series is ferrocolumbite, in which the ratio
of iron to manganese is greater than 3:1 and the ratio of colum-
bium to tantalum is much greater than 1:1; but all species con-
tain appreciable quantities of manganese. The tantalite at the
Lonesome and Fridlund deposits is relatively low in columbium
and high in tantalum. Both columbite and tantalite are black,
with dull to lustrous surfaces, and have high specific gravities.
They occur in four general forms:

1. Well-developed tabular to equant crystals 14 inch to 4
inches in maximum dimension (Lonesome, Keystone-
Western, Silver Spur deposits).

2. Large “niggerheads” as much as 18 inches in diameter
and weighing 20 pounds or more (Fridlund, Globe,
Apache, North Cribbenville deposits).

3. Long thin feather-shaped crystals and crystal aggre-
gates 14, inch to 814 inches wide, 2 to 22 inches long, and
1/49 to 14 inch thieck (Globe, Apache, Alamos deposits).
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4, Intergrowths with samarskite, ilmenite, and rarely with
magnetite (Sunnyside, Fridlund, Cribbenville, De Ara-
gon, Eureka deposits).

The albite that surrounds most crystals and masses of col-
umbite-tantalite is strongly discolored to shades of red and
brown. Individual crystals generally show an irridescent tarnish
and sharp lines of growth. The surfaces of the rounded masses,
on the other hand, are characteristically dull and spongy in ap-
pearance, and are covered with impressions of cleavelandite crys-
tals. The ‘“feather columbite” consists of thinly tabular imbri-
cated crystals. Some are arranged with step-like contacts re-
sembling growth lines; others consist of distinct plates separated
by thin films of albite. Small elongate crystals of monazite are
commonly set in these columbite feathers, and are oriented
parallel to their edges and to the edges of erystal plates. Crystal-
lographically oriented intergrowths of samarskite and columbite
occur in the Fridlund and Cribbenville deposits, and somewhat
similar intergrowths of columbite in ilmenite and rarely in mag-
netite occur in many quartz veins and quartz-rich pegmatites.
Some crystals of columbite project into ilmenite or magnetite,
but more commonly small quantities of columbite are intergrown
in apparently pure tabular crystals of ilmenite. The columbite
occurs largely as small rods and blebs parallel to the crystal di-
rections in the ilmenite.

Columbite-tantalite has no effect on the needle of a compass,
but ilmenite affects a well-pivoted needle distinctly and magnetite
strongly. The ilmenite-columbite intergrowths also affect a
needle, but such mixed material is best tested by means of its
specific gravity. If the specific gravity is less than 5, the amount
of contained columbite is too small to permit commercial use of
the material as columbium ore. The specific gravity of pure col-
umbite-tantalite rises with increase in the tantalum-oxide content
(Figure 7), but the relative amounts of iron and manganese ap-
pear to have little effect. Columbites from the Petaca deposits
contain little tantalum and have specific gravities ranging from
5.1 to 5.7. The few tantalite specimens tested are within the
range 6.5 to 6.8.

MONAZITE

Monazite is a phosphate of cerium and other elements of the
rare earths. It generally containg variable percentages of thor-
ium. In the Petaca district, monazite is a common minor con-
stituent of those parts of the pegmatites that contain much al-
bite. It occurs in three general forms:

1. Well-developed flattened crystals, averaging 34 by 14
by Y4 inch (Silver Spur, North Star, Freetland deposits).
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a—composite sample of placer tantalite from Harding deposit,
Taos County; analysis by Ledoux and Co., September 24,
1943.

b—columbite, Fridlund mine, Rio Arriba County; commercial assay.

c—columbite, Apache mine, Rio Arriba County; commercial assay.

All other points represent published analyses; see Palache, Charles,
Berman Harry, and Frondel, Clifford, The system of mineralogy of
James Dwight Dana and Edward Salisbury Dana, seventh edition,
vol. 1, pp. 782-783, 1944.
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2. Coarse crystals and equant masses as much as 5 inches
in diameter and weighing 1% pound to 10 pounds or
more (Coats, Fridlund, Pino Verde deposits).

3. Thinly tabular to elongate feathery crystals and crystal
aggregates similar to the “feather columbite” and com-
monly associated with it (Globe, Alamos, Apache, Nam-
be, Capitan deposits).

The feldspar that surrounds monazite generally is stained yel-
lowish-brown to deep brick red. Large masses of crumbly dark
red cleavelandite contain monazite, spherical aggregates of col-
umbite, and purple fluorite in the Globe, Fridlund, North Star,
and several other deposits. The discoloration of the feldspar ex-
tends 14 inch to 15 inches or more beyond masses of monazite and
columbite. The origin of this discoloration is not clear.

The monazite ranges from tan through yellowish and rusty
brown to deep mahogany brown. The surfaces of large masses are
marked by prominent growth ridges, and both crystals and frac-
ture surfaces within crystals are commonly coated with thin
scales and films of pale yellowish-green mica. The large crystals
and fragments of monazite appear to be fresh, but some of the
thin tabular to feathery crystals in the Apache, Alamos, and
other deposits have been altered to a reddish-brown earthy
powder. The Petaca monazite has been confused with garnet,
but is heavier, more brownish, and more flattened in its crystal
form. Moreover, the larger more equant crystals are not
crumbly.

SAMARSKITE

Samarskite, a complex columbate-tantalate that contains
calcium, iron, uranium, thorium, elements of the rare earths, and
other constituents, is present as a late mineral in albite and
quartz. It occurs chiefly as rough dull-black equant masses of
pinhead to walnut size. Much larger aggregates of imperfect
crystals and irregular closely spaced growths have been found
in the Fridlund and Kiawa deposits, and a few well-formed pris-
matic crystals 14 to 34 inch long have been obtained from the
Lonesome mine. Samarskite is heavy and brittle, and is easily
recognized by the deep reddish-brown to velvety-black color and
splendent luster of its conchoidally fractured surfaces.

Cracks in samarskite specimens from the Fridlund deposit
contain a black opaque mineral that may be gadolinite. Accord-
ing to Hess and Wells,?” much of the Fridlund samarskite is an
intergrowth of two minerals, one more radioactive than the other.
They concluded that the more radioactive part is essentially
yttrium pyrocolumbate and that the less radioactive part is

2" Hess, F. L.. and Wells, R. C., Samarskite from Petaca, New Mexico: Amer. Jour.
Sci., 5th ser., vol. 19, pp. 20-24, 1930. .
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nearer yttrium orthocolumbate. The general designation samar-
skite, however, was retained for the sake of convenience. Ac-
cording to Berman and Frondel,2®8 X-ray powder pictures of
ignited samples of this material show that the more radioactive
mineral is similar to yttrotantalite and the weakly radioactive
mineral is much like fergusonite. It is evident from the results
of these investigations, which were made on a few specimens
from one deposit, that detailed determinative work is needed on
the radioactive tantalum-columbium minerals of the Petaca peg-
matites. Much of the samarskite seen during the present inves-
tigation appears to be different from the material analyzed by
Hess and Wells, and some appears to be homogeneous in polished
section. At present, however, it seems desirable to follow Hess
and Wellg and retain the general designation samarskite for all
this material.
ILMENITE AND MAGNETITE

Ilmenite (iron titanate, FeTiO;) is common in the quartz
veins and quartz-rich pegmatites. It occurs as tabular crystals
that range from wafers less than /g, inch thick and 14 inch to
4.inches in maximum diameter to large platy masses as much as
14 inch thick and 6 inches in diameter. It is black and heavy,
though its specific gravity is less than that of columbite. It is
~ sufficiently magnetic to influence the needle of a compass at dis-
tances of 14 inch or less. Much of the ilmenite contains magne-
tite, which is intergrown as thin lamellae. Less commonly it
contains smaller, irregular lenses of columbite.

Magnetite is locally present in the pegmatites and quartz
veins as flattened crystals and equant masses the size of a man’s
fist. Much of it shows a well-developed octahedral parting. It is
abundant in the country rock, both as detrital grains and as local
concentrations of hydrothermal origin. Many small grains are
also present in the pegmatites, as shown by the panning of
crushed samples from several deposits.

OTHER MINERALS

Bismutite, a basic bismuth carbonate, is commonest in the
quartz of intermediate zones, cores, and veins, where it occurs
as veneers, irregular fracture-fillings, and pipe-like masses as
much as 2 inches in diameter. It ranges from gray to bright
canary yellow, but its luster is dull. The mineral is soft and very
heavy. It is associated with other secondary bismuth minerals,
most of which are thin films that range from gray or yellow
through shades of orange and green to greenish brown. All these
minerals appear to have been formed by the alteration of bismuth
and bismuthinite. Several deeply striated prismatic masses of
bismutite in the Fridlund deposit contain unaltered cores of

28 Berman, Harry, and Frondel, Clifford, private communication, 1941.
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fibrous bismuthinite. Similar pseudomorphs are abundant in the
Sandoval deposit, but rarely contain unreplaced cores.

Sulfide minerals occur sporadically. Chalcocite is present in
the Cribbenville deposit as rounded pods the size of a walnut,
and as somewhat smaller masses in the Kiawa, Alamos, Capitan,
and other deposits. Chalcopyrite, bornite, covellite, galena, and
other sulfides are rare. Oxidized copper minerals, chiefly mala-
chite and chrysocolla, are widespread as veinlets and films formed
in fractures. They also occur as 13- to 14-inch veinlets in chal-
cocite in the Cribbenville deposit. Azurite and cuprite are rare.

Pink muscovite, in flat to gently curving blades /45 to 54
inch in diameter, occurs in pods of fine-grained pale green mica
. in the Globe, Apache, Cribbenville, Fridlund, Kiawa, White, and
Canary Bird deposits. It also occurs as waxy pod-like aggregates
of fine flakes. The long dimension of such aggregates ranges
from 14 inch to 9 inches. This pink mica appears to contain little
or no lithium, and probably is similar to the pink muscovite from
the Harding mine, Taos County, and from pegmatites near Pilare
in the same county. Schaller and Henderson,?® who described
these micas, attributed their color to the presence of small quan-
tities of trivalent manganese. Lepidolite, the lithium mica, oc-
curs in pink muscovite at one deposit, the Globe, but it is rare.
It forms waxy, translucent pods of very small flakes and is pink
to deep lavender in color. It closely resembles the lepidolite of
the Harding deposit.

Small heavy black crystals of uraninite occur in albite and
late-stage quartz in the Fridlund and Pino Verde deposits. It is
commonly surrounded by crusts of gray, yellow, brown, or orange
alteration products, which distinguish it from samarskite. The
secondary uranium minerals resemble bismutite and other sec-
ondary bismuth minerals, but are harder and have a bright lus-
ter. Apatite and tourmaline, which are common constituents of
pegmatites in other districts, are rare in the Petaca district.
S}];)odumene, amblygonite, and lithium phosphate minerals are
absent.

PARAGENETIC SEQUENCE OF MINERALS

The minerals of the Petaca pegmatites were formed during
an appreciable range in time.. Some of the earliest minerals grew
by reaction with the country rocks, and others crystallized di-
rectly from pegmatitic liquids. As these minerals formed they
were corroded by solutions with which they were no longer in
equilibrium, or were surrounded by other minerals that crystal-
lized from these solutions. In many places they were later frac-
tured and new minerals were deposited in the fractures. Else-
where they were partially or completely replaced by the minerals
derived from later hydrothermal solutions that penetrated them

2% Schaller, W. T., and Henderson, E. P., Purple muscovite from New Mexico: Amer.
Mineralogist, vol. 11, pp. 5-16, 1926.
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along fractures and in other ways. The pegmatites are therefore
clearly the result of a chain of events involving both the progres-
sive development of new minerals and the local obliteration of
minerals that were formed earlier. This chain of events was
complex and differed from deposit to deposit, but the broad
underlying pattern seems to have been uniform throughout the
district.

The criteria for the recognition of mineral paragenesis in
pegmatite deposits have been described by many geologists3® and
need no detailed review in this report. It suffices to say that only
two features have been found to be dependable for indicating
differences in the ages of minerals in the Petaca pegmatites:

1. Occurance of a mineral as a pseudomorph after an
earlier mineral, where the identity of the earlier mineral
can be clearly established by means of residual material,
crystal form, or some other characteristic;

2. Occurrence of a mineral as a filling in fractures or
cleavage cracks in an earlier mineral.

Other features, strongly suggestive but not conclusive, are help-
ful. These involve the occurrence of a given mineral:

1. In or consistently with another mineral whose age rela-
tions are known;

2. Along contacts between other earlier minerals;

8. As inclusions oriented in accord with cleavage directions
in the host mineral;

4. In “bursts”, rosettes, or other bodies generally formed
by replacement processes;

5. As “embayments” or other forms that suggest the cor-
rosion of an earlier mineral.

Still other features, such as irregular mineral boundaries and the
occurrence of one mineral as well-formed crystals in another,
have been of little value in the diagnosis of time relations. They
generally permit two or more reasonable but contradictory
interpretations.

The general age relations of the essential and the principal
accessory minerals of the Petaca pegmatites are shown in Table
4. The range of hypogene-mineral development has been divided
into four stages. The first includes the partial primary consoli-
dation of the pegmatites, generally with the formation of border
zones, wall zones, and hybrid border phases, the latter resulting

30 For an excellent general discussion see Bastin, E. S., Graton., L. C., Lindgren. Walde-
mar, Newhouse, W. H., Schwartz, G. M., and Short, M. N., Criteria of age relations of
minerals, with especial reference to polished sections of ores: Econ. Geol., vol. 26, pp. 561-610,
1931.



TABLE 4. GENERAL AGE-ABUNDANCE RELATIONS OF ESSENTIAL

MINERALS AND TYPICAL ACCESSORY MINERALS IN PETACA PEGMATITES

STAGES
‘ Consolidation . Foi-mation of
MINERAL Consolidation of- Cpesmatite besier Crystaliization quartz veins
outer zones of and formation of of albite that transect
pegmatite bodies contemporary all pegmatite
quartz veins zones
Essential
minerals:
Microcline Very abundant Very abundant
Quartz Abundant, Very abundant Abundant Very abundant .
Albite Rare Very abundant Rare
Albite-oligoclase Sparse
Muscovite Sparse (?) Very abundant Sparse
Accessory
minerals:
Garnet Abundant Sparse Sparse —
Green fluorite Abundant Rare Common —_—
Beryl Common Sparse Sparse
Columbite-tantalite Rare Abundant Rare
Monazite E— Abundant Rare
Bismuth and
bismuthinite * —_— Sparse Common Sparse
Other sulfide
minerals ® —_ Sparse Common Rare
Samarskite —_— Rare Common
Purple fluorite Common Rare
Ilmenite Rare’ Common Rare
Magnetite Sparse Common Rare
Uraninite © Rare Common
Pink muscovite Sparse

2 Represented in most exposures by bismutite and other alteratioq products.
P Represented in most exposures by secondary iron and copper minerals.

¢ Represented in most exposures by uranophane, gummite, and other alteration ‘products.
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from the action of pegmatitic material on the country rock. The
second stage represents the completion of primary consolidation,
with the development of inner zones and the formation of con-
temporary quartz veins. This was followed by the crystallization
of albite, both ‘as fracture-filling material and as masses of re-
placement origin. The final stage was the formation of quartz
veins that transect all pegmatite zones and the later-stage albite
masses. These stages and the mineral products characteristic
of each can be recognized in most pegmatites of the district, even
though not all of them are clearly zoned.

The relative abundance of each mineral in Table 4 is ex-
pressed by the terms very abundant, abundant, common, sparse,
and rare. The latest minerals, notably samarskite, uraninite,
and dark smoky quartz, occur in veins that cut across zones and
other pegmatite units. Albite, which plainly is later than micro-
cline and much of the quartz, represents a stage during which
many of the accessory minerals were developed. On the other
hand, much of the garnet, green fluorite, and beryl, as well as
some magnetite and ilmenite, were formed with microcline at an
earlier stage, and subsequently were transected, corroded, and in
places nearly obliterated, by albite. Albite-oligoclase and micro-
cline were the earliest minerals to form, and neither appears to
have developed after the primary crystallization of the pegma-
tites. A few microcline veinlets have been observed in graphic
granite, but these appear to have been contemporaneous with
adjacent microcline-bearing intermediate zones. Quartz was
abundantly developed during all the stages. The earliest is
white to light gray and the latest smoky and somewhat
transparent. )

These relations are in general agreement with the broad di-
visions outlined in the table. Thus, samarskite occurs as cross-
cutting veinlets in columbite at the Lonesome deposit, purple
fluorite in green fluorite at the Globe, Keystone-Western, Crib-
benville, and other deposits, and bismutite in beryl and green
fluorite at the Sandoval deposit. The relations between minerals
developed during the same general stage are less consistent.
Columbite occurs as inclusions in monazite in parts of the Globe
and Alamos deposits, but cuts across monazite masses elsewhere
in the same pegmatites. Though their significance is minor, such
irregularities in the structural relations of nearly contemporane-
ous minerals tend to obscure the broad relatively simple para-
genetic history.

At what stage or stages was mica developed in the Petaca
deposits? A small proportion of this mineral was formed as
fine-grained yellow flakes on the surfaces of late-stage fractures.
A somewhat larger proportion occurs in the border zones and
outer parts of the wall zones of many deposits as small books in
microline—albite-oligoclase—quartz pegmatite. This material
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may have been formed at a much earlier stage. The great bulk
of the mica, however, including all the large books, occurs with
albite and appears to have formed during the albite stage. Micd
is common in most deposits that are rich in albite and is rare in
all deposits in which albite is a minor constituent. This associa-
tion is one of the consistent features in the district, and in gen-
eral the mica occurs in crosscutting relations to the potash
feldspar. None of the commercial muscovite, therefore, appears
to be strictly a primary constituent of the pegmatites. The range
of mica formation did not correspond exactly in time to that of
the albite development, but appears to have been distinetly
shorter. That albite continued to form after the crystallization
of mica is shown by the partial albitization of mica books in many
deposits. Nearly perfect pseudomorphs of fine-grained cleave-
landite after mica have been observed in the Globe, Hidden Treas-
ure, Silver Dollar, and Alamos deposits (see Plate 8, top).

PEGMATITE GENESIS

The origin of pegmatite deposits has held the attention of
geologists for many years, but no single explanation appears to
have gained general acceptance. Kemp?! has shown that most of
the earlier hypotheses were based on the assumption that pegma-
tite formation involves simple injection and consolidation. The
nature of the pegmatite-forming solutions and the mechanism of
injection were the chief points of discussion. A different hy-
pothesis, which emphasized the formation of pegmatites by more
than one process, was introduced by Brogger3? in 1890, but
gained widest recognition when it was further developed by sev-
eral geologists3® during and after 1925. According to this con-
cept, an original material of simple composition, commonly con-
sisting essentially of potash feldspar with a small proportion of
quartz and possibly small quantities of other minerals, is formed
by crystallization from a cooling magma of similar composition.
At a later stage this primary material is acted upon by hydrother-
mal solutions of complex composition and is partially or com-
pletely replaced by a new group of minerals. This two-process

31 Kemp, J. F., The pegmatites: Econ. Geol., vol. 19, pp. 697-728, 1924.
% Brégger, W. C., Die mineralien der syenitpegmatitgrange der sudnorwegishen augit

und nephelinsyenite: Zeit. Kryst., Min. 16, pp. 215-285, 1890.

See, for example:

Schaller, W. T., The genesis of lithium Degmatites: Amer. Jour. Sci., 5th ser., vol. 10,
Pp. 269-279, 1925.

Hess, F. L., The natural history of the pegmatites: Eng. and Min. Jour., vol. 120, pp. 289-298,
1925.

Landes, K. K., The paragenesis of the granite pegmatites of central Maine: Amer. Mineralo-
“gist, vol. 10, pp. 355-411, 1925. .

Schaller, W. T., Mineral replacements in pegmatites: Amer. Mineralogist, vol. 12, pp. 59-63,
1927.

Schaller, W. T., Pegmatites: Ore deposits of the Western States (Lindgren volume), pp. 144-
151, Amer. Inst. Min. Met. Eng., 1933.

Hess, F. L., The pegmatites of the Western States: Ore deposits of the Western States (Lind-
gren volume), pp. 526-536, Amer. Inst. Min. Met. Eng., 1932.

Landes, K. K., Origin and classification of pegmatites: Amer. Mineralogist, vol. 18, pp. 33-56,
95-108, 1983.

Hess, F. L., Pegmatites: Econ. Geol., vol. 28, pp. 447-462, 1983.
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mechanism is thought to have led to the formation of many struc-
turally and mineralogically complex deposits.

Many geologists have accepted most elements of the two-pro-
cess theory and have applied it to pegmatite deposits in all parts
of the world.?¢ Others, however, have been reluctant to postu-
late two distinet mechanisms, but instead are inclined to view
pegmatites as the result of a single crystallization process in-
volving late-stage reactions between earlier-formed minerals and
adjacent residual solutions, as well as the filling of open spaces
created by fracturing during consolidation.? Many of those who
have studied pegmatites admit that their conclusions are not
based on sufficiently widespread observations to explain satisfac-
torily the origin of all deposits. As more and more pegmatites
are investigated it becomes increasingly apparent that no single
theory of origin can have general application. Each pegmatite
or group of similar pegmatites should therefore be viewed indi-
vidually so far as the determination of petrology, structure, or
genesis is concerned.

Much discussion hag arisen in the past from efforts to apply
a single hypothesis of origin to all pegmatite deposits, even
though the author may have restricted his views to a particular
type of pegmatite. Many proponents of the two-process hypothe-
sis may have intended that this interpretation should apply only
to pegmatites of the potash-feldspar group,*® in which primary
plagioclase is a minor constituent. The mica-bearing sodic-pla-
gioclase pegmatites so common in the Southeastern states and
New England, the pegmatites of basic composition, and several

3 See, for example:

Andersen, Olaf, Discussion of certain phases of the genesis of pegmatites: Norsk. Geol.
Tidsskr., vol. 10, pp. 116-205, 1928.

Derry, D. R., Genetic relations of pegmatites, aplites, and tin veins: Geol. Mag., vol. 68,
pp. 454-475, 1931.

Lami%sg,ZK. K., The Baringer Hill, Texas, pegmatite: Amer. Mineralogist, vol. 17, pp. 380-386,

Pegau, A. A., Pegmatite deposits of Virginia: Virginia Geol. Survey, Bull. 33, pp. 44-49, 1932.

Spence, H. S., Feldspar: Canada Dept. Mines and Geol. Bull. 781, pp. 1-4, 1932,

Just, Evan, Geology and economic features of the pegmatites of Taos and Rio Arriba
counties, New Mexico: N. Mex. School of Mines, State Bur. Mines and Min. Res. Bull
13, pp. 28-30, 46-48, 1937.

MecLaughlin, T. G., Pegmatite dikes of the Bridger Mountains, Wyoming; Amer. Mineralo-
gist, vol. 25, pp. 46-68, 1940.

Hess, F. L., Spodumene pegmatites of North Carolina: Econ. Geol., vol. 35, pp. 942-966, 1940.
35 See, for example:

Fersmann, A., Uber die geochemisch-genetische klassification der granit-pegmatite: Mineral.
und Petrog. Mitteil., vol. 41, p. 64. 1931.

Wright, J. F., Geology and mineral deposits of a part of southeastern Manitoba: Geol. Surv.
Canada, Mem. 169, p. 103, 1932.

Stockwell, C. H., The genesis of pegmatites of southeast Manitoba: Roy. Soc., Canada, Trans.,
3rd. ser., vol. 27, pp. 44-45, 1933.

Maurice, C. S., The pegmatites of the Spruce Pine district, North Carolina: Econ. Geol.,
vol. 85, pp. 179-185, 1940.

Uspensky, N. M., On the genesis of granite pegmatites: Amer. Mineralogist, vol. 28,
pp. 437-447, 1943.

Quirke, T. T., and Kremers, H. E., Pegmatite crystallization: Amer. Mineralogist, vol. 28,
pp. 571-580, 1943.

de Almeida, S. C., Johnston, W. D., Jr., Leonardoes, O. H., and Scorza, E. P., The beryl-
tantalite-cassiterite pegmatites of Paraiba and Rio Grande do Norte, northeastern Brazil:
Econ. Geol., vol. 39, pp. 206-223, 1944.
36 Schaller, W. T., op. cit., p. 279, 1925.

Hess, F. L., Pegmatites: Econ. Geol., vol. 28, p. 450, 1938.
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other types, are excluded from this group. Maurice3” has shown
that many past disagreements might be ascribed as much to dif-
ferences in the meaning of the terms “pegmatite” and “granite
pegmatite” as to intrinsic differences in genetic interpretation.

The Petaca pegmatites can be treated genetically as a unit.
Their primary minerals indicate that they may be classified as
members of the potash-rich clan, which contains small amounts
of soda in the form of early-stage albite-oligoclase crystals, crys-
talline masses, and perthitic intergrowths. The original micro-
cline, albite-oligoclase, and quartz were distributed to form struc-
tural units or zones in most deposits, and were accompanied by
garnet, green fluorite, beryl, mica, and small quantities of mag-
netite and ilmenite. These accessories appear to have formed
during the primary consolidation of the pegmatite bodies, and
are most common in the outer zones.

A later stage—characterized by the widespread activity of
hydrothermal solutions rich in soda, silica, and alumina, and
containing appreciable quantities of columbium, tantalum, beryl-
lium, thorium, uranium, the rare earths, fluorine, bismuth, cop-
per, and other elements-—is represented by the development of
abundant albite, muscovite, and many accessory species. These
minerals were formed through replacement of the primary peg-
matitic constituents by solutions that were guided mainly by frac-
tures. Mineral and zone pseudomorphs were formed in some
places, and elsewhere replacing solutions penetrated the walls of
joints, fissures, and other openings to attack the earlier minerals
and form rosettes, tabular bodies, and less regular masses of new
material. Not only were most of the later minerals plainly
formed at the expense of pre-existing material, but their struc-
tural control demonstrates that this replaced material was suf-
ficiently solid to fracture under stress. Additional beryl, garnet,
and fluorite were developed during the hydrothermal or albitiza-
tion stage; and the physical and chemical properties of each
appear to differ somewhat from those of earlier-formed, primary
masses of the same species. Relatively small quantities of the
accessory minerals generally identified with the stage of albitiza-
tion were probably also formed during the last stage of crystalli-
zation of the pegmatite zones.

During the final stage, which was characterized by fractur-
ing and the formation of veins of smoky quartz, replacement
processes appear to have become subordinate to simple open-
space filling. Uranium-thorium minerals, muscovite, and some of
the same accessories developed during the preceding albitization
accompanied the vein quartz.

The Petaca pegmatites thus appear to have been formed by
(1) the injection of primary magmatic solutions into the quartz-
ite and schist, followed by (2) crystallization from these solu-

87 Maurice, C. S., op. cit.,;pp. 182-183, 1940.
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tions of lithologic units rich in potash feldspar and quartz,
(8) a later attack and replacement of these minerals by hydro-
thermal solutions of complex composition, and (4) the final
filling of open spaces by quartz and minor accessory minerals.
In some broad aspects of their development they closely resemble
the lithia pegmatites described by Schaller,2® the pegmatites
described from central Maine by Landes,?® and those described
from several districts by Hess.#® Their formation can be traced
through a range of falling temperature from a stage during
which the pegmatitic solutions had sufficient force to shoulder
aside the country rock, through a stage characterized by solutions
of great mobility and penetrative power, to a closing stage of
deposition by solutions confined to open spaces, - The tracing of
this development is of considerable economic significance. TIts
applications are discussed in the following section of this report.

38 Schaller, W. T., op. cit., pp. 269-279, 1925.
8 Landes, K. K., op. cit., pp. 355-411, 1925,
40 Hess, F. L., op. cit., pp. 289-298, 1925.



ECONOMIC FEATURES OF THE PEGMATITE
MINERALS

MICA: GENERAL FEATURES

PROPERTIES

The micas constitute a group of complex aluminum silicates
whose outstanding characteristic is - an almost perfect basal
cleavage. The true mica minerals can be split along this cleav-
age into thin sheets or films that are tough, flexible, elastic, and
possess extremely low electrical and heat conductivity. Four of
these minerals occur in the Petaca district: muscovite, the potas-
sium mica; biotite, the magnesium-iron mica; lepidolite, the
lithium mica; and phlogopite, which contains magnesium and a
little fluorine. Of these, only muscovite is sufficiently abundant
to be of economic importance, and the discussions of “mica” in
this report are therefore devoted to this mineral alone. Many
properties of muscovite have been described in detail by Ster-
rett,! whose report also contains clear and effective illustrations
of representative structural features.

Much commercial mica occurs in rough blocks or ‘“books”,
some of which are partially or completely bounded by irregular
crystal faces. The books are tabular to equant, generally with
their shortest dimension perpendicular to the cleavage. Those
with crystal faces tend to be hexagonal or rhombic in outline.
Their outer surfaces are characteristically rough and pitted, and
are commonly marked by impressions of adjacent crystals of mica
or other minerals. The outer parts of some books are crushed
or tangled and must be cut away before the remaining material
can be split into thin sheets. Muscovite is transparent and
nearly colorless when so split, but thick plates may be distinctly
colored. The most common shades are gray, green, amber, brown,
and pink. In contrast to the dull, rough surfaces of most books,
freshly split mica sheets possess a hard, brilliant luster. The
material itself is rather soft, however, and can be cut by a knife
without difficulty.

Mica has many physical peculiarities that are of funda-
mental economic importance. Most are structural imperfections,
presumably caused by stress during or after crystallization. The
varieties of the mineral have been described as “A”, “housetop”,
“wedge-A”, “chub-A”, “flat-A”, ‘“herringbone”, ‘“fishbone”,
“feather”, “horsetail”, “wedge”, “ribbed”, “rippled”, “buckled”,
“warped”, “creped”, “cross-grained”, ‘reeved”, ‘hairlined”,
“haircracked”, “pinholed”, ‘“ruled”, “ribboned”, “tanglesheet”,

1 Sterrett, D. B., Mica deposits of the United States: U. S. Geol Survey Bull. 740,
pp. 11-19, 1923.
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“locky”, “gummy”, “tied”, and ‘“bull” mica, and its colors as
“rum”, “ruby”, “amber”, ‘“white”, “black”, “green”, and other,
intermediate shades. Variations in kind and distribution of
inclusions have led to such designations as “specked”, ‘“spotted”,
“lined”, “black”, “clay stained”, “sand pitted”, “gritty”, “air
stained”’, and “vegetable stained”.

“A” or housetop mica is distinguished by two series of lines,
striations, or shallow corrugations that intersect at an angle of
about 60°. The third series necessary to complete the “A” is not
present, so that the structure actually resembles the letter “V”.
Much “A” structure is caused by the tapering-out of sheets along
straight lines. The edges of some of these incomplete sheets are
flanked by narrow ribbons or strips. Many of the corrugations
in “A” structure are simple closely spaced folds or crenulations.
- Some “A” books in which the imperfections are not strongly
developed can be split into sheets of commercial value, and in
others the material that lies between the two bars of the “A” is
flat and can be trimmed out for use. In still others the structure
is present through only a part of the book. Much “A” mica, how-
ever, is so seriously marred that it must be classed as scrap.

Herringbone (fishbone, feather, horsetail) mica is marked
by the same imperfections present in “A” structure, but their
angle of intersection is about 120° rather than 60°. The lines
and crenulations flank a central line or narrow strip to form a
pattern resembling that of a feather or the skeleton of a fish.
Herringbone books contain little or no flat material and hence are
generally processed as scrap.

Wedge structure is caused by the interlayering of sheets of
unequal size. Some extend entirely across the book, whereas
others taper out at intermediate points. Books in which groups
of incomplete laminae extend inward from all edges may be ex-
ternally regular in shape, but owing to their complex wedge-like
internal structure they rarely yield any sheet mica. Books in
which a preponderance of incomplete laminae extends inward
from one edge are themselves markedly wedge-shaped. Wedge
structure is common in “A” and herringbone micas, but also
occurs in mica not marked by such imperfections. ‘“Wedge-A”
books, especially the small, thickly wedged “chub-A” books, con-
sist almost wholly of scrap; hence the distinction between
“wedge-A” and “flat-A” mica is important from an economic
standpoint.

Ribbed or rippled mica is marked by waves or ridges, gen-
erally broad and shallow, that are not assignable to “A” or her-
ringbone structure. The terms “buckled” and “warped” have
also been applied to such material. Sheets in which these imper-
fections are not too severe may have commercial value for some
uses. Cross-grains or reeves are fine irregular striations or
crenulations that result in breaks or tears when the mica is split.
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Some are caused by an intergrowth of two books and some by
an irregular intergrowth of two or more sheets in the same book.
The origin of others is not clear. Hairlines or haircracks are
generally so thin and fine that their presence may not show until
the mica is split, when they cause separation of laminae. Ac-
cording to Sterrett,? crystals of “A” mica in which only one
direction of striations is present are called “hair-lined”.

One of the commonest structures in mica books is ruling,
which consists of regular, sharply defined parting planes that lie
at an angle of nearly 67° with the cleavage plane. Only one set
of these partings is present in many books, but two or three sets
occur in others. Their traces on cleavage surfaces intersect at
angles of about 60°, and where three sets are present they com-
monly separate the sheets into triangular fragments. Many
sheets ruled in two directions are separated into rhombic or dia-
mond-shaped fragments. In strongly ruled books the structure
generally continues through their entire thickness, but in other
books it is confined to certain layers in which it may extend
partly or completely across the cleavage faces. Where one set of
ruling planes is well developed the mica is separated into strips
or ribbons that commonly are less than an inch wide. Ribbons in
some large books, however, are as much as 4 or 5 inches wide,
and hence may be valuable if free from other defects. Ruling
appears in much “A” and herringbone mica, in which it coincides
in direction with the striations or corrugations, but it is more
common in books that lack these features. :

“Tanglesheet” is a term applied to mica that tears when
split. Such material splits evenly and easily in some places, but
yvields ragged, cross-grained films in others. This tangling,
“tying”, or “locking” is generally due to a partial intergrowth
of books or of sheets in a single book. The designation “tangle-
sheet” is also applied to coarse aggregates of irregularly inter-
grown books, which are commonly marked by “A”, herringbone,
or wedge structure, or combinations of these. Where such aggre-
gates are several feet in maximum dimension they may be re-
ferred to as “bull” mica.. Such material is useful only as scrap.

Magnetite and hematite are the most common inclusions in
mica. They may occur as reddish, smoky brown, or black spots
or tiny specks, or they may be grouped in triangular lattice-like
patterns. Whether present as distinet spots, elongate aggregates
of spots, or separate strips, such inclusions tend to be grouped or
oriented in accordance with the crystal directions of the enclosing
mica. The edges of many spots are so irregular that they create
a tufted or dendritic appearance. According to Sterrett,3

These tufts . . . are very thin and rarely penetrate far into
a sheet of mica. The dark-brownish color of many of these spots

2 Sterrett, D. B., op. cit., p. 16, 1923.
8 Sterrett, D. B., op. cit., p. 18, 1923.



MICA 79

is due to the translucency of the thin films (of iron oxide). .. .
Each spot owes its dendritic appearance to the arrangement in
lines of small particles. . . From these lines of particles other
particles branch off at more or less definite angles.

Many inclusions of magnetite have decomposed to yield yellow
to reddish limonite, or hematite in shades of orange, red, and
brown. Inclusions of hematite are commonly altered to limonite.

Flattened crystals of garnet occur in some plates of musco-
vite. Inclusions and intergrowths of biotite are common. Other
included minerals are apatite, zircon, rutile, zoisite, quartz, tour-
maline, albite, and manganese oxides. Quartz and albite may
also be interlayered with mica plates to form compogite masses
of little or no economic value. The edges of other books are
intergrown with these minerals, and must be removed by trim-
ming before the remaining mica can be split. Books in which
spindles of quartz are present are known as “gritty” or “sand
pitted”. Some mica is marked by a pale-green discoloration that
is termed vegetable stain. The coloring material commonly is
chlorite, organic matter, or material rich in ferrous iron. It may
be evenly distributed as. extremely thin, curdy aggregates or
may occur as separate clumps. Air-stained mica contains flat-
tened pockets, tiny bubbles, or groups of closely spaced bubbles
that are filled with gas. Vegetable stain and air staining are con-
sidered serious defects only in mica of the highest qualities.

Most books that have been exposed to weathering and the
action of downward-percolating surface waters are coated with
limonite, manganese oxides, clay, silica, or other secondary min-
erals. Where these have been deposited by waters that Dpene-
trated between the laminae of the mica, the value of the books is
materially reduced. The stained parts must be removed by care-
ful trimming and splitting.

CLASSIFICATION

As taken from the mine, the mica crystals or books are des-
ignated as “mine- run” “run-of-mine”, “book”, or “block” mica.
The term ‘“block mica”, however, is also applied to partially pre-
pared stock that will yield sheet material, as well as to certain
types of imported sheet material, and hence might well be
dropped as an alternative for “book mica”. For commercial pur-
poses mica can be classified primarily as sheet, punch, or scrap,
depending upon the type of material obtained from the mine-run
books. Scrap includes books and flakes that are too small or too
marred by imperfections to yield acceptable sheet or punch ma-
terial, as well as the waste from those books that do yield such
material. The scrap obtained as trimmings and discarded split-
tings in the preparation of sheet and punch goods is known as
shop scrap or bench scrap in contrast to mine scrap, which ordin-
arily never reaches the trimming and rifting shops.
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Sheet mica as generally understood is material that is rela-
tively flat and sufficiently free from structural defects to be manu-
factured into certain shaped products that are used chiefly in
electrical equipment. Such material is also known as “uncut
sheet”. Uncut sheet mica has been freed of obvious scrap, split
or “rifted” into relatively thick plates, and trimmed by one of
several means. If it is capable of yielding prepared sheets or
“patterns” 114 by 2 inches in minimum size it is known in the
New England and Southeastern states as sheet or pattern mica,
and in New Mexico and other Western states as “plate mica”.
That the general term “block mica” is more suitable for such
material has been pointed out by Gwinn,* who defines it as pre-
pared mica of “random thickness 14 inch to less than 1/, inch
(125 to 10 mils), which contains a usable area of 114 by 2 inches
minimum.” Uncut mica capable of yielding prepared material
less than 114 by 2 inches is sometimes known as “uncut punch”
or “uncut circle”, but more commonly as “punch” and “circle”.
The prepared material is generally referred to as ‘““4rimmed
punch” or “‘small sheet”.

Size designations for domestic sheet mica are based upon

TABLE 5. DOMESTIC AND INDIAN SIZE GROUPS FOR CLEAR
SHEET MICA* (INCLUDING PUNCH AND SHEETS
LARGER THAN PUNCH)

Usual domestic Usable area in single rec- Standard
grades tangle (square inches) Indian grades
Minimum Maximum
Small punch 1 to 11 No. 6 small
Punch Punch® 1% to 2% No. 6
Circle 2% to 3 No. 5%
1% by 2 inches 3 to 4 } No. &
2 by 2 inches 4 to 6 0-
2 by 38 inches 6 to 10 No. 4
3 by 8 inches 10 to 12 } No. 3
3 by 4 inches 12 to 15 .
3 by 5 inches 15 to 24 No. 2
4 by 6 inches 24 to 36 No. 1
36 to 48 No. A-1
6 by 8 inches 48 to 64 Special
8 by 8 inches 64 to 80 } Extra special
8 by 10 inches - 80 to 96 grades

& Adapted from charts issued by the Colonial Mica Corporation, agent for Matals Reserve
Company. Applies to sheets not less than 0.007 inch in thickness.
b This general term applies to mica yielding usable sheets not less than 1 inch in diameter.

4 Gwinn, G. R., Strategic mica: U. S. Bur. Mines Inf. Cire. 7258, p. 18, 1943.
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the dimensions of the largest rectangle of a given quality that
can be obtained from the block. The usable rectangle must be
free from holes and cracks and must meet certain tolerances as
to other flaws. The domestic and Indian size groups for sheet
mica are summarized in Table 5. A more complete discussion of
size grading, and typical grading tables and charts, are included
in a report recently issued by the Federal Bureau of Mines.’

Quality designations for sheet mica vary according to the
classification used. They are inexact, owing to inescapable differ-
ences in individual interpretations of the standards. Indian
standard groups, beginning with the best quality, are clear, clear
and slightly stained, slightly stained, fair-stained, good-stained,
stained, heavy-stained, light-dotted, black-spotted, and black-
stained. In 1938 the American Society for Testing Materials® set
up Indian grading as the American standard and designated six
principal qualities. These are clear, clear and slightly stained,
fair-stained, good-stained, stained, and black-stained or spotted.
Several of the groups are sometimes subdivided into more
specific categories.

PREPARATION AND MANUFACTURE

The first rough separation of mica is generally made at the
mine, either at the face or portal or on the dump. Obvious mine
scrap is separated from the better books, from which adhering
fragments of quartz, feldspar, and other foreign material are
then cobbed. Some of this rough-cobbed or selected mine-run
mica is sold as such to jobbers or manufacturers, but at many
mines it is prepared further. The books are split or rifted by
. means of a 3-inch single- or double-edged blade into plates that
are generally less than 3/ inch thick. Through skilled handling
of the rifting knife defective laminae are removed with a mini-
mum waste of higher-quality material, and the products obtained
are block mica, punch and washer stock, and bench or shop scrap.
In New Mexico much of the cobbed mica is split into plates some-
what thicker than 3/,¢ inch, but both these and the thinner rift-
ings are known there as “plate mica”. As such they constitute a
specially selected form of mine-run material. There appears to
be little distinction between trimmed and untrimmed sheets in
the New Mexico usage of the term “plate mica”.

After rifting, the ragged and broken edges of many plates
are removed by hand, a process known as “thumb trimming”.
This is an especially common practice in districts where much of
the mica is badly ruled or marked by “A” structure. Thumb-
trimmed material may be sold to manufacturers as such or it
may be further trimmed with a knife. Most Indian mica is knife-

5 Gwinn, G. R., op. cit., pp. 7-10, 1943.
6 A.S.T.M., Grading and classification of natural mica: Amer. Soc. for Testing Mater.,
Release D-351-38, 1938.
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trimmed or “sickle-trimmed” until free of cracks and flaws, but
domestic procedure is somewhat different. Half-trimmed mica,
for example, is cut on two adjacent sides, with no cracks, reeves,
cross-grains, or ribs extending from those sides. Three-quarter-
trimmed mica is cut on all sides, with no cracks or comparable
flaws extending from two adjacent sides or into the final pattern
area. Only full-trimmed mica is cut on all sides and contains
none of the flaws noted above. Some mica is trimmed with
shears, and during recent years attempts have been made to
employ blades and saws. .

A large proportion of sheet mica is consumed in the form
of splittings. These are films 0.0007 to 0.001 inch thick that are
generally cleaved from punch and the smaller sizes of sheet stock.
Some also are derived from thin films or “skimmings” that are
a by-product from the rifting of larger sheet material. Splittings
are used in the manufacture of built-up mica board and other
forms of electrical insulation. Although many mechanical de-
vices have been tested for the preparation of these films, prac-
tically all films are still split outside the United States by hand
methods, generally in places where labor costs are very low.

The cut mica blocks that represent punch, circle, and larger
sheet stock are processed into dises, washers, and thin plates of
various. sizes and shapes. This generally involves additional
splitting, followed by trimming, cutting, or stamping into more
or less standardized patterns. Most of this material is then cut
to final form, if necessary, by the manufacturers of the devices
in which the mica is to be used. Composite forms can be built
up to any desired thickness by the cementing of individual pieces
with shellac or a similar bonding medium. In general, only a -
small proportion of the prepared block material is represented in
the finished products. The bulk of such material is skimmed or
cut away as waste, which is marketed as scrap of superior grade.

Most scrap mica, including material derived from non-peg-
matitic sources, is processed by grinding. It is classified on the
basis of its mechanical purity and the color of the ground product.
About a third of the mica ground in this country is prepared by
wet methods, which yield relatively fine-grained material. Most
of the coarser, less expensive products are ground by dry meth-
ods. Reports published by the U. S. Bureau of Mines? give de-
tails of the problems and methods of mica grinding.

USES

The uses of mica are based upon its perfect cleavage, re-
markably low conductivity of heat and electricity, non-inflamma-
bility, flexibility, elasticity, transparency, luster, lubricating
properties, and the ease with which it can be worked into final

7 Myers, W. M., Mica: U. S. Bur. Mines Inf. Circ. 6205, pp. 7-8, 14-18, 1929.
Horton, F. W., Mica: U. S. Bur. Mines Inf. Circ., 6822, 56 pp., 1935.
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form.® A high proportion of all sheet mica is used as an electri-
cal insulating material. Washers, discs, and other small trimmed
or stamped forms are not only used as-such, but can be built up
into rods or tubes that are bonded with a suitable cementing ma-
terial. Simple and composite pieces are used as tubes, sleeves,
studs, washers, bushings, laminations, and thin perforated plates
in condensers, transformers, small heating elements, rheostats,
fuses, incandescent bulbs; radio and electronic tubes, various
types of coils, and acoustic, X-ray, and other specialized equip-
ment. Splittings are built up into mica board or applied as fac-
ing on paper, cloth, and other materials used in the manufac-
ture of heater elements; commutators; boards, panels, and other
mounting forms; parts of condensers; and many other electrlcal
devices.

Most coarsely ground mica is used in the manufacture of
roofing materials, although the demand for such mica as a refrac-
tory is constantly increasing. It is also used for decorative pur-
poses as a coating on wall paper, as a constituent of certain
stuccos, plasters, and cements, or alone as Christmas-tree snow.
During recent years increasing quantities of roughly prepared
mica have been used in foundry facings and in the insulation of
buildings, or have been manufactured into molded electrical
insulation. Very finely ground mica is used extensively in the
manufacture of rubber, paints and other protective coatings,
lubricants, textiles, and plastics. It is an effective filler and
bonding medium, and commonly increases the resistance of the
products to corrosion, heat, and fatigue.

STRATEGIC MICA

With the beginning of World War II, the problem of military
mica requirements was thrown 1nto sharp relief. According to
Wayland,®

Army equipment requires large amounts of muscovite mica
splittings in the form of built-up mica commutator segments and
coil insulation in motors and generators. Other military items
. using significant amounts of muscovite splittings are transformers,
switehboards, and blasting apparatus. Flexible mica tape, made.
from bookform or loose-dusted splittings cemented to paper, linen,
glass cloth, and other backing, is widely used in coil insulation in
heavy electrical equipment and in aircraft generators.: All mica
splittings come from India, principally because of the enormous
amount of hand labor required in their preparation. In this emer-
gency, the need for them was anticipated and large industry and
government stocks were on hand, while shipments have continued

to come by sea in spite of war-time hazards. . . The mica prob-
lem in this war is unprecedented in many ways. Our big problem
now is for radio and magneto condensers. . . Mica condensers

8 For uses of mica see Wierum, H. F., and others, The mica industry: U. 8. Tariff
Commission, Rept. 130, 2nd ser., pp. 11-26, 1938.

i .% Wayland, R. G., Mica in war: War Production Board, Mica-Graphite Div., Mica
Release No. 10, pp. 1-2, 1944. (Paper presented before the meetings of the American
Institute of Mining and Metallurgical Engineers, New York City, February 1944.)
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are particularly characterized by the constancy and excellence of
their electrical properties under varying physical conditions, a
most important factor in military radio.

The wartime demand for sheet mica, particularly for the superior
qualities, was further intensified by sharp increases in the use
of mica for aircraft spark plugs, radar condensers, vacuum tubes,
and other electrical devices for combat equipment.

Strategic mica, as first defined during World War II by War
Production Board Conservation Order M-101, is reasonably flat
block and sheet mica, of heavy-stained quality or better, that is
free from cracks and comparable imperfections. Excluded from
this category are scrap mica, block mica that will yield a size less
than 1 by 1 inch, and splittings used in making built-up mica.
The definition of “strategic mica” is by no mean rigorous. Speci-
fications are generally set up in terms of current needs and antici-
pated requirements, and are modified as conditions change.
Nearly all strategic mica produced in New Mexico during the
period of World War II, however, was sold under the general
definition outlined above, and thus comprised material ordinarily
referred to in this country as clear trimmed punch and sheet.
This is the meaning of the terms “strategic mica” and “strategic-
grade mica” as hereinafter used. Several discussions of such
mica and some of the problems connected with increasing its
production already have been published.®

To be acceptable for use in high-grade condensers mica must
have a low power factor, which is a measure (expressed in per-
cent) of the loss of electrical energy in a condenser in which the
mica is the nonconducting substance. Excessive overheating and
damage result from high power losses; hence good condenser
mica must have a power factor of less than 0.04 percent. Tests
have suggested that the power factors of almost all clear “ruby”
or cinnamon brown micas are sufficiently low for condenser use,
but that the factors of green and some brown micas may vary
appreciably. The details of this variation are not known at
present, nor are the reasons for it thoroughly understood.

To stimulate domestic production of strategic mica,- the
Metals Reserve Company, a subsidiary of the Reconstruction
Finance Corporation, designated the Colonial Mica Corporation
as its agent, with authority to purchase mica of certain types and
to assist the operators of mines. Mining equipment was leased
to operators at low rental rates, financial assistance was rendered
in many instances, and consulting services for problems of min-

10 Wayland, R. G., op. cit., pp. 1-8, 1944.

Burgess, B. C., Mica mining and preparation cost: Amer. Inst. Min. and Met. Eng., pre-
print of paper presented at New York meetings. February 1944, pp. 1-17, 1944.

Lintner, E. J., Mica, a war essential mineral: Rock Products, vol. 47, no. 5, pp. 48-50,
92-93; no. 6, pp. 74-76, 114-116, 1944.

Billings, M. H., and Montague, S. A., The wartime problem of mica supply: Eng. and
Min. Jour., vol. 145, pp. 92-95, 1944.

See also War Production Board Mica Releases No. 1 and No. 2, July 6, 1942.
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ing and preparation of the mica were made available. A market
for mica of superior quality was assured at favorable prices and
for specified periods.

PRICES

Prices for sheet mica not only fluctuate widely in response
to variations in demand, but vary according to the size and qual-
ity of the material available at a given time. The general range
for clear trimmed sheet mica in the 114- by 2-inch size group
has been $0.12 to $0.65 per pound over a period of about thirty
years, whereas that for the 2- by 3-inch group has been $0.45 to
$1.50 and that for the 4- by 6-inch group has been $1.60 to $3.75.
Prices of $8.00 or more have been quoted for the 8- by 10-inch size
from time to time; such large sheet material is not common in
most deposits. The value of untrimmed small sheet or punch
mica has ranged from 214¢ to about 15¢ per pound.

The larger sizes of trimmed electric (stained sheet) mica
are sold according to a sliding price scale, with values consistently
lower than those for clear material of comparable size. Electric
mica is also sold as thumb-trimmed block, generally at prices that
vary according to the estimated proportion of waste. Many job-
bers purchase selected mine-run material (either clear or
stained), rift and trim it, and sell the prepared mica to manufac-
turers. Others purchase punch and washer stock from which
they recover and trim sheet material, and still others have recov-
ered sheet and punch mica from mine scrap.

Prices for most scrap mica range from $9.00 to $30.00 per
ton, depending in part upon whether it is bought at the mine or
at some more convenient distributing point. Bench scrap, which
is reasonably free from quartz, feldspar, and other impurities,
generally commands a higher price than mine scrap. The value
of clear light-colored mica that yields a very white product when
ground is also relatively high. Buyers and grinders of mica are
listed in U. S. Bureau of Mines Information Circular 7258.1

Prices reach very high levels during war periods, when the
demand for sheet mica is greatly increased and the problems of
supply are often complex. The rising trend during the period
December 1941-December 1944 is shown in Table 6. Through a
part of 1942 strategic-grade mica was purchased by private indi-
viduals and. organizations, and by the Colonial Mica Corporation
as well. In November 1942 the Colonial Mica Corporation be-
came the sole purchaser of such material, and the price scale was
raised substantially. A standard price of $5.00 per pound for
prepared sheet and punch mica was offered in May 1943, chiefly
to stimulate production from deposits yielding a high proportion
of mica in small sizes. Additional subsidies in the form of price
increases were added later, until on January 1, 1945, private pur-

1 Gwinn, G. R., op. cit., pp. 15-17, 1943.
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TABLE 6. PRICE SCHEDULES FOR DOMESTIC CLEAR SHEET
MICA DURING PERIOD DECEMBER 1941-DECEMBER 1944 *

PRICES

SIZE Private Purchasers Colonial Mica Corporation

(inches) December April-May June | November May Feb. | August
1941 1942 1942 b 19425 | 1943 ¢ | 1944 c! 1944

Punch .10- .15 12- .16 22 .30 o

1%x 2 45- .65 50- .65 | 1.10 | 2.40 6.00

2 x2 .60- .85 95-1.10 | 1.75 | . 8.52 )

2 x3 1.30-1.50 1.560-1.85 | 2.75 4.64 :

3 x38 1.90-2.05 2.00-2.35 | 3.50 5.12 5.00 6.00 6.00 °

8 x4| 215225 2.25-2.60 | 4.25 | 6.08 and

3 x 5| 260-27 | 2.75-3.00 | 5.00 | 7.04 8.00

1 x6 3.60-3.70 3.75-4.00 | 6.25 8.00

6 x 8 5.25-5.50 5.50-6.00 |8.00 9.12

2 Adapted in part from Billings and Montague, The wartime problem of mica supply:
Eng. and Min. Jour., vol. 145, p. 94, 1944.

P Punch material required to yield 20% or more of trimmed pieces 1 by 1 inch or
larger; price scale for larger mica based on No. 1 quality and half trim, with maximum
bonuses of 80% and 409 for three-quarter trim and full trim respectively.

¢ Based ‘on full-trimmed punch and three-quarter-trimmed sheet mica.

4 Full-trimmed mica.

¢ Three-quarter-trimmed mica.

chases of strategic-grade mica were again permitted. At that
time the Colonial Mica Corporation continued to buy sheet mica
of “ruby” color only, and purchases of full-trimmed mica smaller
than 1% by 2 inches were discontinued. Prices for mica of
superior quality were subsequently decreased further with the
general trend toward a peacetime economy.

MICA IN THE PETACA DEPOSITS

PROPERTIES.

The mica in the Petaca district ranges from yellowish green
through shades of very pale green, brownish green, and greenish
brown to deep bottle green. It occurs in books that range in
diameter from an inch or less to at least 7 feet. The largest books -
yield trimmed sheets 20 inches or more in diameter, but such
material is very rare. The best mica concentrations are generally
rich in tangled, intergrown books that are useful only as scrap.
Most of the remaining mica is marked by “A” structure, though
“flat-A” is much more common than wedge. Other common
defects are ruling (Plate 3) and broad warping or rippling.
Thus very little sheet mica from the Petaca pegmatites is per-
fectly flat, and a high proportion of the prepared material is in
the small-sheet range. Herringbone structure, pinholes, and
cross-graing are not common.

The mica in a few deposits is heavily stained, chiefly by



NEW MEXICO BUREAU OF MINES BULLETIN 25
AND MINERAL RESOURCES PLATE 3

Partly albitized mica books, main incline, Globe mine. Large microcline crystal
(gray, below hammer) is veined, fringed, and corroded by albite (white).

Severely ruled mica books in albite (white) and quartz (light gray), central
mica shoot, Cribbenville mine.

RULED AND PARTLY ALBITIZED MICA BOOKS, GLOBE AND
CRIBBENVILLE DEPOSITS
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hematite and magnetite in lattice-like patterns, and lightly
specked material is encountered in other deposits. Most of the
mica in the district, however, is clear. Vegetable and air stains
are rare, but some books are marred by inclusions of garnet,
fluorite, and quartz. Layers of silica deposited between cleavage
laminae by surface waters seriously damage much otherwise
excellent mica. In deposits where albitization has been unusually
widespread, the edges of many books have been corroded and re-
placed by this feldspar, and in a few mica shoots some books have
been almost completely replaced (see Plate 3, top). :

The results of power-factor determinations made during the
past 6 years on a few specimens from several deposits suggest
that most Petaca sheet mica would be satisfactory for use in con-
densers and other devices in which material of superior electrical
properties is required. Similar results were obtained when 60
pieces of clear sheet mica from the Globe, Cribbenville, and
Kiawa deposits were tested in September 1945 by F. W. Lan-
caster of North Carolina State College. These tests were made
in Asheville, North Carolina, with determination of the power-
factor reciprocal by means of a Bell Telephone Laboratories
Q-meter. All the specimens were found to be well within the E-1
group. More systematic and comprehensive tests are needed to
permit comparisons of mica samples from different deposits and
comparisons between Petaca mica and that from other districts.

OCCURRENCE

GENERAL RELATIONS

The association of muscovite with albite in the Petaca peg-
matites is consistent. Little mica is present in deposits or parts
of deposits that contain little albite, whereas all deposits rich in
mica are also rich in albite. The amount of muscovite in a given
pegmatite unit is generally proportional to the relative abundance
of albite, but this relation does not necessarily hold where the
pegmatite consists almost wholly of albite. Such rock units may
contain the remnants of many books that appear to have been
largely replaced by the plagioclase. Masses of completely or
almost completely albitized pegmatite in which little mica is
present are common in the Silver Dollar, Apache, Kiawa, Crib-
benville, Globe, Alamos, and Hidden Treasure deposits.

No correlation between the size of the pegmatites and their
mica content seems to exist. Both large and small deposits con-
tain rich and extensive mica shoots, yet some of the largest peg-
matites in the district are virtually barren of mica. Evidently
the degree of late-stage albitization and the introduction of mica
were dependent upon factors other than the size of the pegmatite.
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STRUCTURAL DISTRIBUTION

Concentrations of albite and mica are present in deposits of
all general forms. They are most abundant at the keels and along
the lower flanks of plunging pegmatites, and hence appear near
the eastern ends of such bodies at the surface. They are also
common at and near the keels of plunging trough-like bodies,
which are U-shaped, hook-shaped, or boomerang-shaped in plan.
The mica is thus most abundant at and near the main bends,
which generally constitute the most easterly exposed parts. On
the other hand, the mica in plunging inverted trough-like bodies
is most abundant near their westerly exposed portions, as it is
concentrated near and along their crests. Concentrations of
mica in other, less regular bodies commonly occur along bulges,
indentations, or lines of junction with branching dikes or
irregular apophyses.

The details of mica distribution within the pegmatite bodies
are complex. The workable concentrations can be related to
zones in a definite way, but they are not restricted to any one or
any group of these units. They may transect zone boundaries
at any angle. In this respect the Petaca deposits are fundament-
ally different from most of the mica pegmatites of New England
and the Southeastern states, in which commercial concentrations
of muscovite are largely restricted to specific zones.'? The mica
in such pegmatites is apparently a primary constituent of units
that are rich in oligoclase and calcic to median albite, in striking
contrast to the Petaca muscovite, which occurs with sodic albite
in hydrothermal concentrations superimposed upon the original
pattern of zoning in microcline-rich pegmatites. Such helpful
descriptive terms as “intermediate-zone deposit” and “wall-zone
deposit” are therefore not applicable to the Petaca deposits.

The following modes of occurrence are characteristic of the
Petaca mica.

1. Pegmatite bodies in which zoning is not well developed.

A. Disseminations throughout the pegmatite. The propor-
tion of mica in these deposits generally decreases from
east to west or from bottom to top in westerly plunging
pegmatite bodies. Most of the mica books are small and
few of the concentrations are rich enough to be of com-
mercial interest.

B. Well-defined concentrations along one or both borders
of the pegmatite. These concentrations, which are gen-

12 Bannerman, H. M., Structural and economic features of some New Hampshire pegma-
tites: New Hampshire State Planning and Dev. Comm., Min. Res. Survey, Part VII, 1943. .

Olson, J. C., Mica bearing pegmatites of New Hampshire: U. S. Geol. Survey Bull.
931-P, pp. 878-376, 1942.

Olson, J. C., Parker, J. M., III, and Page, J. J., Mica distribution in western North
Carolina pegmatites (abstract) : Econ. Geol., vol. 39, p. 101, 1944,

Cameron, E. N., Larrabee, D. M., McNair, A. H., Page, J. J., Shainin, V. E,, and
Stewart, G. W., Structural characteristics of New England mica deposits: Econ. Geol., vol.
40, pp. 369-3983, 1945.
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erally thin, decrease in richness and taper out from east

. to west in most deposits. The mica books are charac-
teristically small and so scattered that they cannot be
recovered commercially.

C. Concentrations at the margins of small pods and lenses
of massive quartz. Many of these have been prospected,
but in general they are too discontinuous and contain
too little mica to be mined at a profit.

D. Irregular concentrations in small pod-like portions of
the pegmatite that are relatively rich in interstitial
quartz. No concentration of this type has supported
operations beyond the prospecting stage.

E. Poorly defined fringes around partly digested inclusions
of country rock. These contain mica in books of mod-
erate size, but the material is commonly soft and se-
verely tangled. Few concentrations are sufficiently
extensive for scrap-mica operations.

Deposits in well-zoned pegmatite bodies.

A. Concentrations along the borders of the pegmatite and
around the margins of inclusions; similar to types A
and B above. Neither of these appears to be of eco-
nomic importance.

B. Concentrations flanking cores, especially. where the
cores consist of massive quartz with or without giant
crystals of microcline. Such deposits are commonly
rich and contain many large books, especially near their
keels or east ends. They are of considerable commer-
cial importance.

C. Concentrations in wall zones, especially along their in-
ner margins. These also tend to be richest near the
easterly ends or keels of most pegmatite bodies. They
may flank more than one inner zone and may extend
irregularly into such zones. They are characteristic-
ally rich, especially where the wall zone is relatively
thin, and hence are commercially important, although
they contain a higher proporfion of scrap material than
the concentrations adjacent to cores.

D: Fringes at the margins of rosettes and “bursts” of
cleavelandite. These concentrations, which contain soft
mica of scrap grade only, are generally small and of
little economic interest.

E. Concentrations along major fractures. These also con-
tain soft tangled mica of scrap grade, and are so small
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that they can be worked only where they are adjacent
to other, richer concentrations of mica.

F. Disseminations in massive quartz and quartz-rich peg-
matite, generally formed through intensive replacement
controlled by a network of closely spaced fractures.
Such concentrations are present at or near the keels of
plunging pegmatite bodies and are generally extremely
rich. The mica occurs as books too small to yield sheet .
and punch material.

The well-zoned pegmatites thus contain more workable
shoots of mica than those in which zonal structure is indistinct.
In the westerly or microcline-rich parts of many zoned bodies,
however, the occurrence of mica may be similar to that in poorly
zoned deposits. The immediate control for mica mineralization
was probably furnished by fractures or fracture groups. These
appear to have led to development of rich concentrations along
contacts between zones, particularly along contacts between wall
zones and adjacent inner zones. Rolls, warps, and other irregu-
larities in such contacts were particularly effective in localizing
the mica-forming solutions. The distribution and elongation of
the mica shoots plainly reflect the plunge structure of the pegma-
tite zones and of the bodies themselves. For this reason, struc-
tural analysis of the zoning in a given deposit is as helpful in de-
termining its economic potentialities as it would be if the mica
were a primary constituent of the zones.

The largest books are generally found near or against cores
of massive quartz and are characteristically marked by “A”
structure. Much of the coarse mica in rich shoots not immediately
adjacent to the cores occurs in tangled intergrowths that yield
little sheet material. The proportion of high-quality mica is
greatest in the rich shoots formed through nearly complete re-
placement of thin wall zones adjacent to cores of massive quartz.
Mica near or along the footwall of a dike is commonly softer and
more severely warped, ruled, and broken than that along the
hanging wall, but there are numerous exceptions. Mica in de-
posits whose contacts with the country rock are markedly irregu-
lar and gradational is commonly relatively soft and occurs in
tangled masses.

GUIDES FOR PROSPECTING

Prospecting in the Petaca district followed the discovery of
mica concentrations at the surface. As mining progresses, fewer
such concentrations remain and it becomes progressively more
difficult to judge the potentialities of a given pegmatite solely on
the basis of exposed mica. It becomes increasingly necessary to
use all other available means of evaluation.

If a pegmatite body is more than a foot or two thick at the
surface it may be worthy of attention, for it need not be large to
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Mined-out part of rich core-margin mica shoot, lookmg southwest at No. 3 cut,

Elk Mountain mine. Men are standing on massive quartz core, with coarse-

grained microcline-rich wall zone above their heads. Zones and hanging wall

of pegmatite body plunge gently southward at extreme left, progressively more
westward to right.

Broad roll in footwall of massive quartz core, Red mine. Crest of roll is
directly over man’s head and plunges to right. Note remnants of many
mica books and molds of others in the quartz.

STOPES IN RICH MICA SHOOTS, ELK MOUNTAIN AND
RED DEPOSITS
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yield appreciable quantities of mica. Moreover, it may thicken
with depth, just as large masses may thin rapidly with depth. If
the deposit is rich in albite, particularly in the lustrous white
curving plates of cleavelandite, concentrations of mica may be
expected. On the other hand, if good outcrops are available and
these contain little albite, the pegmatite may well be disregarded
in favor of more promising deposits. ,

If albite and mica are noted in a deposit that is zoned, the
possibilities for productive shoots are good, especially where a
core of massive quartz, coarse blocky microcline, or a combination
of the two is present. The approximate outcrop plan of such a
deposit should then be determined, so that more detailed examina-
tion of outcrops and judgment of intervening covered areas can
be confined to the most promising part of the body, which might
be termed the focus of mineralization. As shown diagram-
matically in Figure 6, such foci of mineralization tend to lie at or
near the easterly ends of dikes and trough-like bodies that plunge
in a westerly direction, and at or near the westerly ends of in-
verted trough-like bodies with a similar plunge. The mica tends
to occur at some distance from the ends of deposits unusually
rich in albite, as shown by the stippled areas in the diagrams.
The distances from the foci of mineralization at which concen-
trations of mica are found tend to vary in proportion to the de-
gree of albitization. The hanging-wall and footwall sides of
cores and intermediate zones, as well as broad warps, indenta-
tions, and protuberances in the margins of zones or pegmatite
bodies should be scrutinized for promising shoots.

The general procedure outlined above is suggested primarily
to eliminate the expenditure of money, time, and effort on de-
posits or parts of deposits where little return can be foreseen on
the basis of geologic analysis or past experience. On the other
hand, this procedure is not an infallible means for finding work-
able mica deposits, though it should serve to narrow the search
1}:)0 d‘c_he most promising parts of the most promising pegmatite

odies.

Two general techniques were involved in past operations in
the Petaca deposits. Some miners closely followed mica shoots
downward from their outcrops, whereas others attempted to in-
tersect the productive portions of deposits at depth by means of
planned adits or shafts. The former technique involved the se-
lective mining of the richest portions of the mica shoots by means
of tortuous ‘‘gopher-hole” workings, with the leaving of much
mica in the ground. This method is wasteful, imposes serious
limits on the depth to which a given shoot can be worked, and
fails to uncover reserves in the form of adjacent shoots. Just!s

3 Just, Evan, Geology and economic features of the pegmatites of Taos and Rio Arriba
counties, New Mexico: N. Mex. School of Mines, State Bur. Mines and Min. Res. Bull. 18,
p. 61, 1937.
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records the oft-expressed opinion that such methods are excus-
able because pegmatites are small and characteristically irregu-
lar, shoots are discontinuous, and grade is uncertain. He reason-
ably concludes, however, that “While this judgment may be fair
enough in a survey of past operations, there is no reason to be-
lieve that the mica industry is less susceptible to improvement
than other mineral industries. In fact, the writer believes that
the mining and processing of mica are particularly fertile fields
for the application of modern technical knowledge.”

The second technique, while much more farsighted, is neces-
sarily somewhat uncertain. This uncertainty is great wherever
the work is done without detailed consideration of the form and
attitude of the pegmatite bodies, particularly those with a gentle
plunge or abrupt and large-scale variations in dip. Experience
has demonstrated that the general aiming of adits and shafts at
down-dip extensions of known deposits is a risky procedure in
the Petaca district. Several low-level adits that have been driven
to intersect productive parts of pegmatite bodies have been dis-
appointing because they passed beneath the keels of these bodies.
Although they actually show the significance of the gentle to mod-
erate plunges involved, such disappointments have been repeat-
edly cited in support of the thesis that pegmatite bodies are too
irregular to be developed in advance of mining.

It is no accident that the mining of rich concentrations of
mica downward from their outcrops in the Petaca district has
led to development of inclines and inclined stopes that generally
slope in a westerly direction. This down-slope or down-plunge
direction of mica shoots and of the pegmatite bodies themselves
should receive prime consideration in the planning of exploration
and development. Plunge structures in a given area tend to be
remarkably consistent, as pointed out in the discussions of strue-
ture and in descriptions of individual deposits. Minor fold axes
in the country rock, elongation of pegmatites in outcrops and old
workings, rake of bulges and corrugations in pegmatite contacts,
and other structural features thus form a basis for estimating
the direction and degree of plunge. In the absence of such fea-
tures a guess based on the known preponderance of moderate
westerly plunges in the district should involve little risk.

Many pegmatite outerops virtually barren of mica have been
prospected, apparently on the assumption that workable concen-
trations must be present at depth. The disappointing results of
such operations show that this assumption is rarely justified.
The distribution of mica within a pegmatite body is governed by
processes whose activity ceased long before the present surface
was formed, and hence bears no genetic relation to the present
surface. Unless there is definite structural evidence for the exist-
ence of a mica shoot at a given point beneath the surface, explora-
tion should not be.directed toward that point on the mistaken
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assumption that the mica content of any pegmatite must increase
with depth. Neither does the quality of mica tend to improve
with depth, except for diminution and disappearance of such
near-surface features as clay staining, some kinds of vegetable
staining, softness induced by water soaking, and buckling and
splitting caused by frost action. “A” structure, ruling, wedge
structure, and other defects have been produced by processes
that bear no significant relation to the present surface. This is
equally true of spots and lattice-like intergrowths of magnetite
-and hematite. Although the irregular distribution of such stains
is not fully understood, the average proportion of stained mica
books in a given deposit is as likely to increase downward as to
decrease.
QUANTITATIVE RELATIONS

Rough quantitative analyses of mica shoots have been made
- in those deposits that have been mined, although precise deter-
minations of the richness of mica shoots, as well as the mica con-
tent of entire pegmatite bodies, are beyond the scope of present
investigations. The average proportion of mica in each of fifty-
two mined pegmatites ranges from less than 0.1 percent up to 8
percent, with an overall average of less than 2 percent. This low
figure is scarcely surprising if the relatively barren western por-
tions of most bodies are considered. The average mica content
of those parts of the deposits in which mica shoots are present—
generally the easterly half or third of a given body—is distinctly
higher and probably amounts to 314 or 4 percent. It seems plain
that bulk operations aimed at working entire bodies for their
mica alone would not be profitable ventures. ‘

The richness of individual mica concentrations or shoots
cannot be determined exactly. Reliable production records are
obtainable for a few mines only; moreover, many of the older
mine workings are no longer accessible. It has been possible,
however, to estimate the mica content of many shoots on the
basis of mica-rich material left on the walls and backs of work-
ings, fragments of uncobbed material near mine portals, un-
trammed material in the workings, and the mica in the breasts
themselves. Production records, whenever obtainable, have’
served as a basis for analysis by comparison with the volume of
workings from which the mica was taken. Results from the two
methods were in strikingly close agreement for the seven de-
posits that could be investigated in such detail.

" The proportion of book mica in concentrations that have
been worked ranges from less than 2 percent to 95 percent. Most
of the better deposits contain between 9 and 12 percent mica.
The richest concentrations are compact aggregates of books less
than 114 inches in diameter (parts of the Nambe, Capitan, and
Red deposits), or tangled masses of coarsely intergrown “bull”
mica (parts of the Globe and Kiawa deposits). The average
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proportion of mica in most productive shoots is 25 percent or less,
and is generally 15 percent or less. Although the richness of a
given mica shoot ranges widely from place to place, it tends to
be uniform over distances of 25 feet or more, and the shoot itself
is quite distinct from adjacent, relatively barren pegmatite.

The average proportion of trimmed sheet and punch ma-
terial that can be obtained from Petaca mica is about 0.5 percent.
This is considerably lower than the “average range” of 3 to 8
percent cited by Billings and Montague!* for domestic deposits.
Most workable deposits in North Carolina, the chief mica-pro-
ducing state, yield mica from which an average of about 4 or 5
percent of trimmed block can be obtained.. The writer’s obser-
vations in New Mexico and elsewhere suggest that a low yield of
sheet and punch stock may be a characteristic of mica that was
formed in pegmatite at a late stage by hydrothermal replace-
ment processes. The ratio of trimmed sheet to trimmed punch
material obtained from Petaca mica during the recent wartime op-
erations is about 1 to 2. This may well be somewhat lower than
the average for domestic deposits, owing chiefly to severe ruling,
warping, tangling, and “A” structure. Moreover, most of the
sheet is in the small-size range (grades 4 and 5).

More detailed analyses of the quantity and quality of mica
are included in the discussions of individual deposits. '

MICA IN THE COUNTRY ROCK

The quartzite country rock has been impregnated with small
flakes of pale green mica in many parts of the district. Such
zones of impregnation tend to be rich where they include or lie
adjacent to lenses and pods of pegmatite and vein quartz. At the
Veseley deposit, for example, hundreds of pounds of almost pure
mica were obtained by merely digging, breaking up, and screen-
ing the thoroughly altered quartzite. Mica-rich masses of this
type are discontinuous, however, and hence are of limited eco-
nomic interest. Less clearly related to pegmatites or quartz veins
are remarkably continuous belts of mica-impregnated country
rock. They range in width from a few feet to a hundred feet or
more, and have been mapped in several areas (see Plates 13, 14,
and 16). Some are extremely rich in mica, but any large-scale
operations would necessarily involve milling to eliminate the
quartz.

BERYL

GENERAL FEATURES

Beryl is used as a gem material and in ceramics, but most of
it is converted to beryllium compounds, beryllium metal, and
beryllium-bearing alloys. The oxide, carbonate, and silicate of

14 Billings, M. H., and Montague, S. A., The wartime problem of mica supply: Eng. and
Min. Jour., vol. 145, p. 95, 1944.
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Rich mica concentration, heading of main incline, Globe mine, October, 1944.

Preparing Cribbenville mica, custom mica shop, Santa Fe.

RICH MICA CONCENTRATION, GLOBE DEPOSIT, AND PREPARATION
OF MICA IN SANTA FE
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beryllium are used in ceramics, in the preparation of fluorescent
lamps and screens, and in special processes of paint and textile
manufacture. Beryllium metal is used in X-ray tubes and in the
optical systems of specialized electrical instruments. It is alloyed
with aluminum for some light-metal uses, and is a minor con-
stituent of some nickel and iron alloys. The chief current de-
mand, however, is for copper-base beryllium alloys, whose de-
sirable properties include hardness and structural properties
superior to those of pure copper, extraordinary resistance to fa-
. tigue and wear, good electrical conductivity, response to harden-
ing treatments after being worked soft, and non-sparking quali-
ties. These alloys are nonmagnetic. Beryllium-copper gener-
ally contains 2 to 4 percent beryllium; other special-purpose al-
loys are made by adding cobalt, chromium, silver, or nickel.
Members of the beryllium-copper group of alloys are used in
non-sparking tools and in springs, contact plates, bushings,
shims, and corrosion-resistant parts in motors, precision instru-
ments and machines, gauges, and other devices in which material
with one or more of their unusual properties is desirable or es-
sential. The use of beryllium alloys is a development of recent
years, and has constantly increased with increase in demand for
special-purpose metals and the growing knowledge of their po-
tentialities through metallurgical research.

Prices for clean-cobbed domestic beryl were quoted at $30
to $35 a short ton (at the mine) for several years prior to 1941,
but they gradually rose during succeeding years in response to
wartime increases in demand and transportation difficulties in
the importation of foreign beryl. By May 1943 a price of $120
per dry short ton was guaranteed by the Metals Reserve Com-
pany, a subsidiary of the Reconstruction Finance Corporation,
for beryl ore containing 10 percent beryllium oxide (BeO). An
additional $12 per ton was paid for each 1 percent above 10 per-
cent, and a penalty of $12 per ton was assessed for each 1 percent
under 10 percent, down to 8 percent, the minimum content for
acceptable material. In June 1944 the price was raised to $145
per ton, with a bonus or penalty of $14.50 per ton unit for ma-
terial containing more or less than 10 percent BeO, respectively.
The Metals Reserve Company discontinued its beryl purchases
on January 1, 1945, and subsequent open-market prices have been
at distinctly lower levels.

DETERMINATION OF GRADE

The acceptability of beryllium concentrates and the prices
paid for them are based upon their average content of beryllium
oxide. The BeO content of pure beryl varies with the percentage
of certain alkali constituents, notably sodium and caesium.’® In
general the BeO content ranges from less than 10 percent to a

% Schaller, W. T., oral communication, April 1942.
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theoretical maximum of about 14 percent. Most of the larger
crystals and masses of beryl in the Petaca pegmatites can be
cobbed relatively free from other minerals, but some are cut by
veinlets and irregular crystalline aggregates of albite and
quartz. Some crystals consist of concentric shells of quartz and
beryl. The proportion of beryllium oxide in such composite ma-
terial is appreciably lowered by the beryllium-free impurities.

Few reliable analyses of Petaca beryl have been made, but
most of it appears to be of high grade, i.e., its BeO content is 12
percent or more. Incorrect chemical and spectrographic analyses
of alleged beryllium-bearing material have created considerable
confusion among the operators of several mines. These analyses
have given rise to the impression that much feldspar, particularly
the microcline of certain deposits, contains 1 to 5 percent BeO,
either as admixed beryl or in some more complex form. None of
the feldspar, when properly tested, has been found to contain
more than a trace of beryllium. At the present time there are no
shortcuts to accurate quantitative determination of beryllium con-
tent, and reliable analyses are expensive. Although satisfactory
spot tests for beryllium are available,'® they are not wholly quan-
titative. The relation between the BeO content of beryl and
its index of refraction, which is easily determined, is now under
investigation by W. T. Schaller; his results may well be of great
value for rapid and inexpensive approximate analyses. Mean-
while the BeO content of Petaca beryl is best determined by cor-
rect mineralogic identification, followed by careful estimates of
the amount of mechanically intergrown impurities.

OCCURRENCE

The occurrence of beryl in the Petaca deposits follows three
general patterns. A little beryl is present in many concentra-
tions of albite and mica, and is distributed without regard to
zones in the pegmatite bodies. This late beryl is colorless to pale
yellowish green, and commonly occurs in well-formed tabular
crystals that are too small and scattered to be of current economic
interest. In the second mode of occurrence beryl is restricted to
specific zones or parts of zones. Such beryl has been recovered
commercially from several deposits. Its distribution is as
follows.

A. Core beryl. Well-formed prismatic crystals a few
inches to 8 feet long are present in quartz cores, and are
related to the quartz in the same general way as the
giant microcline crystals that occur in many cores and
inner intermediate zones. None of these deposits has.
been mined for beryl (Sandoval, Nambe deposits).

16 Kulesar, Frank, How prospectors can detect beryllium in ores: Eng. and Min. Jour.,
vol. 144, p. 103, 1943.

Fletcher, M. H., and White, C. E., A simple test for the detection of the beryllium
minerals: Amer. Mineralogist, vol. 81, pp. 82-83, 1946. )
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B. Core-margin or intermediate-zone beryl. "This is pres-
ent as coarse rough to well-formed greenish crystals,
and is most abundant in the inner parts of inner inter-
mediate zones. It can be recovered by hand sorting, and
some of these deposits are of economic importance
(Lonesome, Kiawa, Werner, Hidden Treasure deposits).

C. Wall-zone beryl. Small ragged masses are .scattered
_through the wall zones. The color is commonly more
blue than green. Recovery generally necessitates mill-
ing, and hence such deposits are of little current eco-
nomic interest (Kiawa, Globe, North Star deposits).

D. Border-zone beryl.” In occurrence and characteristics
this is similar to beryl present in the wall zones. In
general the masses are even smaller (Kiawa deposit).

E. Pocket or pod beryl. Small rough masses occur in ir-
regular pods of quartz-rich pegmatite that are exposed
by coarse-grained microcline-quartz pegmatite. ‘No de-
posits of commercial interest are known (Cribbenville
deposit). o

F. Beryl in pegmatites or parts of pegmatites in which
zoning is not distinct. The size range of such material
is great; some occurs in concentrations sufficiently rich
and coarse to be of economic interest (Alma, Veste-
gard, Bluebird deposits). §

Beryl of more than one of these types may be present in a
single pegmatite body. Wall-zone, intermediate-zone, and bor-
der-zone beryl are present in the Kiawa deposit, and the mineral
occurs in two different intermediate zones in the Lonesome de-
posit. Much of this relatively early, zone-controlled beryl has
been corroded and partially replaced by albite and mica. Groups
of relict fragments testify to the previous existence of large crys-
tals of core beryl in the mica-rich keel of the Nambe deposit, and
the beryl of the Lonesome and Alma deposits contains penetrat-
ing blades and small rosettes of cleavelandite.

The third general mode of occurrence is in altered country
rock, where the beryl forms cigar-shaped crystals with crudely
rounded ends. They are 14 mch to 6 feet long and 1/4¢ inch to 7
inches in diameter. The enclosing material generally is mica-
rich schist, but some crystals are surrounded by vein quartz or
are partially embedded in it. There is no.physical connection
with pegmatite; indeed, no pegmatite is visible in the general
vicinity of some deposits. Several cccurrences of this type are
known, but only one, the Sunnyside, has been mined.

None of the Petaca beryl appears to be in concentrations rich
or continuous enough to form the sole basis of mining operations.
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Where it occurs in or adjacent to concentrations of other desir-
able minerals, however, it can be recovered as a by-product. No
large production can be anticipated.

COLUMBITE-TANTALITE AND ASSOCIATED MINERALS

GENERAL FEATURES

Members of the columbite-tantalite series are the chief
sources of the metals columbium and tantalum. Columbium, as
a constituent of certain recently developed ferro-alloys, imparts
favorable welding characteristics and high-temperature strength
properties. Such alloys are in demand for turbine and aircraft
engine parts. Columbium is also alloyed with nickel, copper,
and aluminum. Tantalum metal is corrosion resistant, and hence
is used in pumps, nozzles, spinnerets for synthetic textile fibers,
and other instruments and equipment that are exposed to cor-
rosive chemicals. Its ability to absorb gases accounts for its use
in radio and neon tubes, and it is uniquely satisfactory as a sur-
gical metal in the form of wire, rods, and plates. It is alloyed
with columbium and tungsten to form dies and cutting tools,
which are also. made with cemented tantalum carbides. Tan-
talum-bearing glass is used in special camera lenses and other
optical equipment.

Prices quoted for columbite-tantalite ores vary according to
the content of tantalum and columbium oxides. The most de-
sirable ores are low-tantalum columbite and low-columbium tan-
talite; intermediate compounds generally command lower prices.
The most objectionable impurities are tin and titanium. During
pre-war years columbium ore was valued at 22¢ to 40c per pound,
and tantalum ore at $1.80 to $2.75 per pound of contained oxide,
but prices have increased greatly since 1941. The highest prices
paid by the Metals Reserve Company were effective during the
period July 1943 to January 1, 1945, after which most purchases
were discontinued. They ranged from $2.20 per pound of con-
tained tantalum oxide for tantalite concentrates assaying 40 per-
cent Ta,0s, to $4.30 per pound of contained oxide for 70 percent
concentrates. Columbite containing 50 percent Cb,Os or more
was purchased at 50c per pound of contained Cb,0s. Tolerances
for tin and titanium were 8 percent in tantalite, and 5 percent
and 7.5 percent, respectively, in columbite.

Compounds of the rare-earth elements, which are derived
chiefly from monazite, have limited use. Thorium and cerium
oxides are essential constituénts of the incandescent mantles used
in gas illumination. These and other compounds are also used in
the dyeing and decay-proofing of textiles, as catalysts for indus-
trial organic chemicals, and as constituents of special refractories,
abrasives, glasses, and ceramic products. Thorium metal is con-
tained in some alloys used in electrodes and filaments. The price
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of monazite was quoted at $60 per ton for an 8 percent grade in
1939.17

Samarskite is a potential source -of columbium, tantalum,
and uranium. The chief uses of uranium are in the fields of
ceramics, paint, and chemical manufacture; it is also a constitu-
ent of some ferro-alloys. During recent years experiments have
been made in the use of the element as a source of atomic power,
and further developments in this field may well increase the de-
mand tremendously.

DETERMINATION OF GRADE

The wide range in the price scale for columbite-tantalite
makes assays in advance of mining a practical necessity. It is
unfortunate that quantitative chemical analyses with determi-
nation of the relative amounts of columbium and tantalum oxides,
are both time-consuming and costly. A rough quantitative ap-
praisal can be made on the basis of the constant relation between
specific gravity and Ta,Os content of members of the columbite-
tantalite series. The gravity increases with increase of tantalum
oxide, as shown in Figure 7. As gravity balances are available
in many laboratories, the approximate tantalum-oxide content of
a given specimen is readily obtainable. If enough material is
present in a deposit to warrant a more accurate determination, a
chemical analysis can be made. The desirability of submitting
samples of such material to reputable analysts cannot be too
strongly emphasized.

OCCURRENCE

All the columbite, tantalite, and monazite, as well as most of
the samarskite and uraninite, occur in albite-rich pegmatite.
These minerals can rarely be identified in definite shoots. Al-
though no minable concentrations are known, they have been re-
covered on a small scale as by-products in many of the opera-
tions for mica. They commonly are most abundant in the most
thoroughly albitized pegmatites, but their distribution cannot be
predicted accurately. Bismutite, samarskite, and uraninite com-
monly occur in or adjacent to late-stage veins of smoky quartz
and in larger quartz masses that are flanked by albite-rich peg-
matite. Small quantities of these minerals have been recovered
as by-products from several mica-bearing pegmatites.

FELDSPAR

GENERAL FEATURES

Feldspar is used chiefly as a ground raw ingredient of
glasses, pottery, and glazes. It is also processed for use in abra-
sives, building materials, and various fillers. Potash feldspar is

17 Tyler, P. M., Minor metals (chapter in Minerals Year Book) : U. S. Bur. Mines, 1940.
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preferred for pottery manufacture, soda spar (chiefly albite and
oligoclase) is widely used in glazes, and both types are satisfac-
tory for most glass-making. Feldspar is generally graded on the
basis of its content of free silica or quartz, and in nearly all grades
the tolerance for iron-bearing impurities is very low. The best
grades contain less than 5 percent quartz, and the poorest accept-
able material contains about 80 percent quartz. Thus graphic
granite, or “corduroy spar”, most of which contains 15 percent
or more of free quartz, commands a relatively low price.

Most domestic feldspar is produced and consumed east of
the Mississippi River. There is so little difference between the
unit price and the unit cost of production that the expense of a
long haul from mine or grinding plant is a serious factor. Most
western deposits that have been worked successfully yield high-
grade spar. Prices for crude pegmatite feldspar at or near the
mine range from about $3.50 to $12.00 or more per long ton, with
a general average for all common grades of about $6.00. The
average for material containing 5 percent or less of free quartz
is distinctly higher. Producers, grinders, and buyers of feldspar
are listed by the U. S. Bureau of Mines.!$

OCCURRENCE

Many of the Petaca pegmatites are potential sources of high-
quality feldspar. They contain so little biotite or other common
iron-bearing impurities that the ratio of feldspar to quartz would
be the chief consideration in selecting material for mining. If
albitized pegmatite were mined, the scrap mica and tantalum
minerals could be removed and the residue marketed as a mixed
potash-soda spar. Large crystals of almost pure perthitic micro-
cline, many of which weigh 50 tons or more, occur with massive
quartz in the cores or inner intermediate zones of some deposits.
Most of these crystals lie adjacent to mica shoots and either are
accessible from existing mine workings or could be mined in con-
nection with operations for mica. High-grade potash spar of this
type is common in the Kiawa, La Jarita, Lonesome, North Star,
Werner, Conquistador, Keystone-Western, Apache, Pinos Altos,
Queen, Coats, North Cribbenville, Cribbenville, Nambe, White,
Alamos, Red, Globe, Guadalupe, and Hidden Treasure deposits.
As it is generally surrounded or flanked by massive quartz, it is
easily identified on the maps. :

Aggregates of coarse poorly formed microcline crystals are
present in several deposits, where they tend to form rock units
that weigh many hundreds of tons. Some quartz is present as
small pods, irregular veinlets, and interstitial masses, and locally
the microcline contains abundant albite with minor amounts of
mica. The content of potash feldspar in such units, generally
intermediate zones, ranges from about 85 to 97 percent or more,

18 Metecalf, R. W., Marketing feldspar: U. S. Bur. Mines Inf. Cire. 7184, pp. 7-18, 1941.
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and a relatively pure product could be obtained by coarse cob-
bing. These zones tend to occur in the central or westerly ex-
posed portions of plunging dikes and near the main bends of most
trough-like bodies. They are flanked by mica shoots in some de-
posits, but occur in relatively barren portions of most. In gen-
eral, they can be traced westward into coarse microcline-quartz
pegmatite or pegmatite rich in graphic granite, and eastward
into massive quartz with or without giant microcline crystals.
They constitute most of the material shown on the maps as blocky
microcline. '

Many large pegmatite bodies are rich in graphic granite and
other coarse-grained pegmatite of which microcline is the prin-
cipal constituent. The Kiawa, Cribbenville, Silver Spur, Alma,
Wyoming, and Hidden Treasure deposits are good examples. Such
material is the dominant constituent of bodies that are not
sharply zoned, but is also present in the westerly portions of
many zoned deposits. It offers possibilities for bulk mining and
milling with recovery of scrap mica and mixed feldspar con-
taining 10 to 35 percent quartz. Rough selectivity in mining
might reduce the average quartz content to 20 percent or less.

None of the albite concentrations is sufficiently extensive or
free from impurities to sustain an operation for soda feldspar.
However, albite would be a significant constituent of much of the
potash feldspar.
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HISTORICAL SKETCH

Mica deposits in the Petaca district were systematically
worked as long ago as the seventeenth century, when large books
were split and trimmed into window panes for buildings in Santa
Fe, Espanola, and other villages. Jones!® states that much of
the mica evidently came from the “Cribbensville deposits” near
Petaca in Rio Arriba County, and these appear to have been the
most extensive deposits known in the district until the beginning
of the present century. According to Just,2° the modern epoch of
mining dates from about 1870, when operations on a commercial
scale were based on the use of mica in stove doors. The old set-
tlement of Cribbensville (now deserted), near the end of the
present Cribbenville road, was a center of mining activity named
after the maker of a popular brand of stoves. For many years
only plate mica was taken from the deposits, and it was trans-
ported by pack animals to Pueblo, Colorado.

Mining operations were greatly expanded outside of the
Cribbenville area about 1900, when several deposits in the mesa
country west and northwest of Petaca were opened up for serap
mica. Interest in stove mica gradually dwindled, and it was not
until 1912, with the first strong demand for electrical mica, that
attention was again directed to the recovery of sheet material.
The Globe and new Cribbenville mines had been opened by this
time, and were operated along with several older mines during
the period of World War I. Mining activity decreased appreci-
ably with the general decline in prices after the war, but the pe-
riod of near-idleness was short. By 1923 at least nine mines were
in operation, and the following seven-year period was the most
productive in the history of the district. Although much sheet
and punch mica was recovered, most of the output was sold as
run-of-mine books to brokers and mica grinders, some of whom
resold the material or processed it entirely as scrap. During this
period the Apache, Cribbenville, Red, White, Alamos, Kiawa,
North Star, Silver Spur, Fridlund, Conquistador, La Paloma,
Nambe, Capitan, and several other mines were important pro-
ducers. A punching and dry-grinding plant was operated at the
Apache mine, and grinding was also done in Las Tablas.

The larger operations were curtailed or discontinued by
1931, when depression prices prevailed. Production during suc-
ceeding years represented the efforts of individuals, chiefly local

19 Jones, F. A., New Mexico mines and minerals (World’s Fair Edition) : Santa Fe, New
Mexico, pp. 260-261, 1904.

2 Just, Evan, Geology and economic features of the pegmatites of Taos and Rio Arriba
counties, New Mexico: N. Mex. School of Mines, State Bur. Mines and Min. Res. Bull. 18,
p. 59, 1987, -
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inhabitants who turned to mining by hand methods as the only
means of earning a living. A few of the larger mines were re-
opened during the period 1935-1940, but it was World War II,
with its great demand for mica of superior quality, that stimu-
lated recent activities. Production of strategic-grade material -
was recorded from at least twenty deposits during the period
1942-1944. By January 1945, however, the district was virtually
deserted, and only the Globe mine was being operated.

PRODUCTION

Records of mica production from the Petaca deposits are so
fragmentary that estimated totals for any period may be seri-
ously in error. Although some of the operators of the larger
mines maintained a close check on each lot of plate or scrap mica
sold, deals between buyers and most miners and mining groups
appear to have been informal. Several jobbers and mica pro-
cessors consistently reported their purchases, which were sum-
marized in volumes of the Mineral Resources of the United
States; but the records of most have disappeared. Moreover, it
is virtually impossible to determine accurately the relative
amounts of sheet, punch, and scrap mica produced, chiefly be-
cause run-of-mine mica was commonly sold and shipped out of
the district for processing. Reliable records regarding sheet
mica obtained from such material are too incomplete to be
significant.

As recorded in volumes of the Mineral Resources of the
United States, the production of sheet mica (all grades) from the
Petaca district during the periods 1899-1902, 1923-1930, 1932,
and 1934 amounted to 165,785 pounds, valued at $36,363.00.
During the same periods 7,943 tons of scrap mica, valued at ap-
proximately $125,906.00, was produced. Not only are these fig-
ures incomplete for the periods indicated, but they do not provide
coverage for other periods during which appreciable quantities
of mica aré known to have been mined. The total production can
be estimated by adding to these figures (1) supplementary in-
formation recently furnished by several local residents who once
mined or purchased Petaca mica, and (2) estimates of output
based on size of workings and known characteristics of the mica
concentrations in those deposits for which no production data
exist. It seems probable that at least 235,000 pounds of sheet
and punch mica (all grades) has been obtained during the period
1900-1942; this amounts to about 0.5 percent of total domestic
production for the same period. Total production of such ma-
terial since 1800 may well have amounted to more than 300,000
pounds, which represents about 850,000 pounds of “plate”, or se-
lected mine-run mica that would yield sheet stock. About 18,000
tons of scrap is the estimated production for the period 1900-
1942.
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The average values for sheet and scrap micas were approxi-
mately $0.22 per pound and $15.85 per ton, respectively, during
the forty-year period preceding World War II. On the basis of
these figures, the values of the mica in average concentrations
- containing 7 to 10 percent recoverable material range from less
than $1.00 to as much as $8.00 per ton of rock mined, depending
- upon the relative proportion of plate material present. The aver-
age value is probably less than $3.00 per ton, although distinctly
higher values have been obtained from time to time in most of
the larger mines. Several of the rich shoots that have been
worked for scrap mica alone have yielded returns of $6.00 to
$14.00 per ton of rock mined, but for short periods only. Per-
ton values of mine-run mica in the district have ranged from
about $12.50 to $20.00 for material sold as scrap to as much as
$200.00 for material unusually rich in large-sheet stock. The
average probably has not exceeded $35.00 for all deposits that
have been worked, or $65.00 for the largest and richest deposits,

The total production of strategic mica during the wartime
period February 1, 1942-January 15, 1945 amounted to approxi-
mately 6,750 pounds of trimmed punch and sheet material, nearly
three-fourths of which was derived from the Globe and Cribben-
ville mines. The value of this mica was $31,200.00. About 1,500
tons of scrap was recovered from at least twenty-seven deposits
during the same period. Recent production of sheet mica is dif- -
ficult to compare with that of previous years, owing chiefly to
fundamental differences in preparation. The amount of half-
trim, three-quarter-trim, and full-trim material sold as strategic
mica represents only a fraction of the amount of sheet and punch
material that could have been recovered from an equivalent
amount of mine-run mica under pre-war requirements. How-
ever, the high price scale for strategic-grade mica compensated
for the fuller preparation required, and in fact raised considerably
the value of mine-run mica obtained from most deposits. This
value ranged from $16.00 to as much as $300.00 per “ton during
the period 1942-1944, with a probable average of $75.00 or more
for the output from those mines that yielded the bulk of
production.

Approximately 9,300 pounds of beryl, valued at $670.00, was
obtained from the Lonesome, Alma, Sunnyside, Werner, and
other deposits during the recent wartime period. Production
during all previous years probably did not greatly exceed this
figure. Production of tantalum minerals, chiefly columbite with
subordinate quantities of tantalite and samarskite, has amounted
to more than 8,500 pounds since 1930 and at least 12,000 pounds
since 1910; data concerning its value are not available. Most of
the columbite-tantalite sold during recent months was obtained
from the Lonesome, Globe, and Werner deposits. The value of
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this material was about $800.00. Total production of monazite
and bismutite probably has not amounted to more than a few
thousand pounds, although accurate records are not available.

KIAWA GROUP

GREEN PEAK DEPOSIT

The Green Peak deposit (1, Plate 1) is situated on the steep
west side of a canyon that drains south and south-southeast for
half a mile into Kiawa Canyon. It is in the NE14, SE1/ sec. 10,
T.27N., R.8E., and lies 1.5 miles east-southeast of Kiawa Moun-
tain at altitudes of 8,300 to 8,440 feet. It can be reached by trail
from the Kiawa mine a few hundred feet to the east. The deposit
is said to have been first prospected about 1880, when several
shallow pits were dug in a search for copper. Attempts to ob-
J%i??S mica were made later, especially during the period 1920-

In outcrop plan the pegmatite body resembles a compressed
horseshoe that is open toward the east. The ends of both limbs
are covered by landslide material, but each is at least 250 feet
long and 5 to 30 feet thick. The north limb trends due west and
dips steeply north, and the south limb trends N. 85° W. and dips
south, generally at steep angles. The limbs are 40 to 50 feet
apart. The west end of the body, which is 50 feet in maximum
outerop breadth and forms a prominent knob on the hill slope,
plunges moderately to steeply west-southwest and forms the
crest of the body. An adit that was driven southward to inter-
sect it at a depth of about 35 feet is now caved.

Most of the pegmatite lies in thinly foliated quartz-musco-
vite schist, but its west end projects into a belt of dark greenish
gray amphibole schist that is 25 to 65 feet in outcrop breadth.
The amphibole schist, which is thinly foliated and locally much
contorted, wraps around the plunging crest of the body as an
open fold or large wrinkle that also plunges moderately to steeply
west-southwest. It has been thoroughly biotitized in a zone 8 to
16 feet wide along the pegmatite contact. In general the country-
rock foliation trends N. 85° W. and dips 40° to 60° S. Drag
folds, minor crenulations, and rows of aligned biotite flakes
plunge southwest and west-southwest at moderate to steep
angles. Several lenses and veins of quartz, 6 inches to 8 feet.
thick and 5 to 150 feet long, are exposed west and south of the
deposit. A thin sinuous pegmatite dike, which lies 100 feet to
the south, trends west-northwest and can be traced for at least
800 feet along the strike. .

The main pegmatite body consists principally of coarse mic-
rocline-quartz pegmatite, with small amounts of garnet and
traces of pale green fluorite. The size of the feldspar crystals .
increases markedly toward the center of the body. Several elon-
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gate quartz pods occur in the interior portions of both limbs, and
one large bulbous mass is present in a conspicuous bulge on the
north limb. Two quartz ribs, 50 to 55 feet long and 4 feet in
average thickness, occur near the west end of the north limb and
in a part of the crest of the pegmatite body. They may be late-
stage, vein-like bodies. Both are strongly copper-stained.

The pegmatite contains very small quantities of monazite,
bismutite, chalcocite, pyrite, chalcopyrite, bornite, chrysocolla,
and malachite. Monazite and bismutite occur in and near the
quartz masses, and the sulfides appear to be concentrated in the
crest of the body, chiefly in the two quartz ribs. - Most of the mus-
covite is present in the limbs, where it occurs with albite in nar-
row shoots adjacent to massive quartz. It is green to brownish
green, hard, and easily split. Most books are 3 by 4 inches or
smaller, and are badly ruled, warped, and broken. Though
locally rich, most of the shoots are small. The deposit offers little
promise as a source of either mica or copper.

KIAWA DEPOSIT

GENERAL RELATIONS

The Kiawa deposit (2, Plate 1), near the west edge of sec.
11, T.27N.,, R8E. and about 1.6 miles east-southeast of
Kiawa Mountain, is exposed on the steep irregular slopes of a
south-flowing tributary to Kiawa Canyon. The altitude of its
west end, which is at the canyon bottom, is 8,240 feet; its east
end is on a gently rolling upland surface 300 feet higher. The
mine workings are most easily reached over a narrow steep road
that connects South Kiawa Lake and the Mesa road with Kiawa
Canyon; from the canyon bottom a wagon road extends north
0.4 mile to the west end of the deposit. Other means of access
are a 4.5-mile wagon road that can be followed up the Tusas
River Valley and Kiawa Canyon from Las Tablas, and a trail
that extends eastward from the end of another wagon road high
on the east slope of Kiawa Mountain.

The deposit consists of two pegmatite bodies, one a very
large irregular dike-like mass and the other a long thin dike that
lies 200 to 800 feet to the north (Plate 6). Mining operations
are said to have been started about 1880, when much of the Old
Lower pit and several small cuts were worked for stove mica.
The pit, which is now 50 feet long, 25 feet in maximum width,
and 12 to 20 feet deep (Plate 6), was enlarged by Daniel Espinosa
in 1914, and downward continuations of the rich mica concentra-
tions exposed therein were subsequently mined underground
through a shaft (Espinosa shaft) and narrow tortuous “rat-
hole” workings that locally reached a depth of about 35 feet.
During 1914 and 1915 Espinosa also opened several small cuts
higher on the slope, as well as numerous pits and cuts in the east-
ern part of the north dike. From some of the latter workings
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short drifts and inclines appear to have been driven, but these
are now caved and inaccessible. The Porcupine stopes, which ex-
tend eastward from an open cut 100 feet northeast of the Old
Lower pit, were worked in 1923 and 1924. They consist of at
least three long low drift-like openings that are partly back-filled
and caved. About 75 feet east-southeast of these stopes is the
Upper pit, which is hook-shaped in plan. It is 75 feet long, 7 to
25 feet wide, and 2 to 15 feet deep, and appears to have been sunk
on an exceptionally rich mica concentration. Farther east are
the Twin stopes, worked by Espinosa in 1925. These are irregu-
lar steeply inclined rooms that were sunk to a maximum depth
of 20 feet beneath the floors of open cuts 35 feet or less in diame-
ter. Two smaller cuts were opened immediately west of these.

In 1941 the deposit was claimed by Daniel Espinosa and J.
M. Maestas of Vallecitos, S. H. Wells of Chamita, and G. O. Fow-
ler of Los Angeles, California. These men exploited the ground
southwest of the Old Lower pit by open-cut methods, and their
workings, the New Lower pits, are the most westerly of the pro-
ductive openings in the main pegmatite body (Plate 6). Atten-
tion was again turned to the north dike in 1942, when Espinosa
and Maestas enlarged several old cuts in its western part and
drove 45-foot and 62-foot drifts. Both drifts are now caved at
their portals. In September 1943 Philip S. Hoyt of Van Horn,
Texas, leased the property and began operations for strategic
mica in the main pegmatite body. A cut was excavated at the
country rock-pegmatite contact south of the New Lower pits, and
from it an adit was driven to a point immediately west of the
largest pit and about 45 feet beneath its floor. Large masses of
“bull mica” were encountered, but the returns were less satisfac-
tory from irregular drifting that was subsequently extended to
points 55 feet northwest, 20 feet north-northeast, 85 feet north-
east, and 35 feet east-southeast. A raise was driven 19 feet ver-
tically from a point about 20 feet east of the main junction of
workings, and at its head a small room, crescentic in plan, was
excavated in a rich mica concentration (Plate 6). The bottom
of an old finger-like stope from the Espinosa shaft and one of
the New Lower pits was encountered at the southeast edge of this
room.

In addition to the workings already noted, numerous pits,
cuts, shallow inclines, and short adits are present in other parts
of the deposit. The history of these workings is imperfectly
known, as most represent small-scale efforts of individuals. The
mica obtained from them, however, amounts to an appreciable
part of the total production from the deposit, and represents the
bulk of production during the period 1926-1937. Production
from both pegmatite bodies probably is in excess of 2,200 pounds
-of prepared sheet mica, an additional 9,000 pounds of plate (se-
lected mine-run) mica, and 600 tons of scrap. -Included in these
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amounts are about 500 pounds of strategic-grade mica and 110
tons of scrap obtained since October 1943.

GEOLOGIC SETTING

The dominant rock in the vicinity of the Kiawa deposit is
silvery to greenish gray platy to slabby micaceous quartzite. It
is especially rich in fine-grained mica adjacent to pegmatites and
quartz veins. Its foliation and bedding, which are essentially
parallel, trend east-northeast and dip steeply south-southeast.
Bedding has been obscured in the more micaceous parts by cre-
nulation of the foliation planes. .

A dark green amphobile schist, well-exposed south and west
of the main pegmatite body, forms a prominent stratigraphic unit
35 feet to more than 200 feet in outcrop breadth. This thinly
foliated rock is conformable with the adjacent quartzite and
probably represents a metamorphosed sill or flow of andesitic or
basaltic composition. It can be traced along its strike for at
least half a mile, and across the strike it grades into quartzite
through 2- to 20-foot zones of quartz-mica schist that has been
impregnated with blades and needles of greenish black
amphibole.

Both quartzite and schist have been compressed into south-
westerly plunging folds that range from less than half an inch
to several hundred feet in flank-to-flank dimension. The moderate
plunge of these folds is reflected by the pitch of several linear
structures. Most common are rows of mica flakes, closely spaced
crenulations, and lines of intersection of bedding and foliation
planes. The metamorphic rocks are offset along at least nine
crdss faults south of the main pegmatite body. Maximum hori-
zontal displacement along any fault is about 105 feet. Most of
the movement was pre-pegmatite in age, for unsheared pegmatite
‘and quartz veins occur in several of the fault planes, and pegma-
tite bodies that transect the faults are only slightly displaced.
Late-stage movements along the Lower Pit fault (Plate 6), and
possibly along one or two others, have developed slip planes in
the pegmatites and have contributed to severe warping and ruling
in some of the mica books.

The north pegmatite dike, which is 38 feet in maximum out-
crop breadth and at least 1,240 feet long, trends in general N, 75°
E. and dips steeply south. It is thickest near its west end, but
tapers eastward to a stringer less than 2 feet thick. This stringer
probably continues for about 100 feet beneath a cover of slope
debris, and thence swells to form the eastern two-thirds of the
dike, the average thickness of which is about 6 feet. To the west
the dike may connect with the Green Peak pegmatite, but rela-
tions are obscured by dump and landslide material. The rather
‘consistent plunge of zones and other units, and of corrugations
in their contacts, suggests that the dike itself plunges moderately
to steeply southwest. ‘
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The main pegmatite body, which is roughly lenticular in
plan, is 1,430 feet long and 275 feet in maximum outcrop breadth
(Plate 6). It trends N. 75° E. and in general dips southward at
mederate to steep angles. Local north dips, however, are com-
mon. As exposed in the canyon bottom, the crest appears to
plunge steeply west-southwest, but elsewhere the plunge of the
body is moderately southwest, as shown by the attitudes of its
constituent pegmatite units, elongate inclusions, -and irregulari-
ties along its contacts. The central and eastern parts of the body
are complicated by numerous curving septa and irregular inclu-
sions of country rock, which range in thickness from a few inches
to 30 feet or more and in length from a few feet to as much as
200 feet. They tend to be elongated parallel to the trace of the
pegmatite contacts, but a few inclusions lie normal to the general
trend of the body. Most have been impregnated with igneous
material, chiefly microcline, albite-oligoclase, and mica, and some
have been so thoroughly digested that they have been mapped as
parts of the pegmatite. Much of the extreme eastern part of the
body, which lies east of the area shown in Plate 6, consists of such
composite material. It appears as a large trough-like mass that
is crescentic in plan, and from it a long thin spine extends
eastward. o ) ) '

Both quartzite and amphibole schist are cut by numerous
thin, elongate, sinuous quartz veins that trend west-northwest to
west-southwest and dip steeply south. Many are conformable
with the schistosity of the country rock. Swarms of smaller, less
regular quartz veins occur in the area between the two pegmatite
bodies. Where the veins are in quartzite, the surrounding rock
is generally rich in introduced pale green muscovite; where they
are in-amphibole schist, it has been locally altered to a biotite- or
epidote-rich schist. : '
' PEGMATITE -

The north dike appears to have contained a discontinuous
quartz core flanked by a wall zone of coarse microcline-quartz
pegmatite and a border zone of fine- to medium-grained. micro-
cline—quartz—albite-oligoclase pegmatite. As widespread re-
placement by albite has obliterated all but loeal patches of the
border zone and core, the precise distribution of primary pegma-
tite units can be determined only by means of relict textures.
The core was thickest and most continuous near the west end of
the dike, but apparently was absent from much of the eastern
part.. The wall-zone pseudomorph, which contains minor quan-
tities of garnet, green fluorite, and beryl, is present in the western
three-fourths of the dike, where it is 114 to 15 feet thick. - The
thin east end or tail of the dike consists wholly of albitized bor-

. der-zone material. : . S T e

The distribution of rock units in the main pegmatite body
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follows a broad general pattern, but is extremely irregular in de-
tail. The border zone, which consists of sugary plagioclase-
quartz-microcline pegmatite that is rich in partly digested coun-
try rock, is generally about 14 inch thick, but reaches thicknesses
of 15 feet or more in the eastern part of the body. Some masses
of this rock are within the body, but were clearly formed through
the pegmatitization of country-rock inclusions or roof pendants.
The wall zone, which ranges in thickness from a knife edge to 25
feet, is a medium-grained intergrowth of microcline and quartz,
with minor mica, albite, garnet, and fluorite, and rare beryl. It
is most extensively developed in the western third of the body,
where it forms the outermost mapped unit (Plate 6). The most
widespread unit is the outer intermediate zone, which consists
of very coarse-grained microcline-quartz pegmatite that is rich
in graphic granite. Some of the largest graphic-granite masses
are distinguished from the remainder of the unit in Plate 6.
Where less. rich in graphic granite, the zone contains irregular
bodies of coarse blocky microcline and massive quartz. Some of
the quartz pods, which are as much as 110 feet long and 18 feet
in outerop breadth, might be considered separate zones.

The inner intermediate zone, which is also rich in miecro-
cline, is best exposed in the vicinity of the Graphic Cliffs west of
the New Lower pits. Coarse blocky microcline and graphic gran-
ite are its chief constituents. Irregular masses of very coarse-
grained microcline-quartz pegmatite and pod-like bodies of mas-
sive quartz are also present. As in the outer intermediate zone,
some of the quartz masses are relatively large. The core of the
body is white to gray massive quartz that contains microcline
crystals and crystal groups of giant size. The potash feldspar is
most common in the area north of the Upper pit, where individual
masses are as much as 40 feet in outcrop breadth. The core con-
sists almost wholly of quartz where it is exposed north of the
Lower pits, but large feldspar bodies are present in the most re-
¢ent underground workings. No attempt has been made to in-
dicate the distribution of zones in Plate 6, but individual rock
types are shown instead. Many of the quartz or microcline
bodies are merely parts of zones. Moreover, zone boundaries and
locally the zones themselves have been transgressed and obscured
by other units of later-stage development. .

. Albite is scattered throughout the main pegmatite body as
sugary crystalline aggregates and groups of coarse cleavelandite
blades. It is not abundant in the western third of the body, but
is common farther east, especially along the flanks of quartz
masses. - Locally plagioclase has almost completely replaced
microcline-quartz pegmatite. Some of the massize quartz has
beeh penetrated and corroded by the albitizing solutions, and ro-
settes of coarse cleavelandite that were formed at its expense can
bé séen in the walls of the Old Lower pit, the Upper pit, and the
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Pocupine stopes. Near the east end of the body albitization is
most common along country-rock contacts, the margins of partly
digested inclusions, and throughgoing fractures.

The microcline ranges from white or greenish gray through
flesh to brick red. In the coarse-grained pegmatite and blocky
microcline units it occurs as crystals 4 inches to 7 feet in maxi-
mum dimension. Some contain irregular stringers and platy to
pod-like masses of quartz, and in many the quartz occurs in
graphic intergrowth. This material grades into irregular pods
of massive quartz. Quartz masses are more abundant adjacent to
" graphic granite than to bodies of quartz-poor blocky microcline.
Little of the rock mapped as graphic granite shows evidence of
albitization, but some albite-rich units appear to have béen
formed from graphic material through selective replacement of
the microcline, with preservation of the structure in the form
of somewhat corroded but nonetheless clearly oriented quartz
spindles.

Spessartite garnet, the most common accessory mineral,
occurs in all parts of the deposit. It is especially abundant in
the border zones and in albite-rich units. Many crystals 4 inches
or more in diameter appear in albite-oligoclase-quartz-microcline
pegmatite 70 feet east of the Twin stopes. Most of the fluorite,
which is pale green and severely fractured, occurs near the
walls of the pegmatite and in albite-rich material exposed in the
mine workings. Alteration of this mineral and 'adjacent feld-
spars has formed irregular vugs 14 inch to 5 inches in diameter.
These are especially common in the Twin and Porcupine stopes
and in the workings that connect with the Espinosa shaft. Most
are partly filled with a yellow to reddish-brown clay that con-
tains small gritty particles of fluorite. A half-inch octahedron
of clay, possibly a pseudomorph after ﬂuorlte, was observed in
the Upper Twin stopes. Beryl is present in the border zone and
wall zone as small pale waxy yellow to bright blue-green masses,
and locally along the margins of the quartz-rich core as well-
formed prismatic crystals 2 inches or more in diameter. The
border-zone beryl is well exposed at the mouth of the Hoyt adit,
the wall-zone material in pegmatite north of the Graphlc Chﬁ's
and southwest of the Twin stopes, and the core-margln crystals
in the Old Lower pit and Porcupine stopes.

Columbite, monazite, purple fluorite,-and small pods of fine-
gramed green sericite occur in the alblte-rlch pegmatite exposed
in most of the workings. Samarskite, magnetite, and bismutite
are present along fractures in massive quartz, partlcularly in
the Old Lower pit. Pyrite, chalcopyrite, chalcocite, ‘and pale
pink muscovite are rare accessory. constltuents that were ob-
served in dump material only e ;
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MICA

Muscovite occurs in the Kiawa deposit as (a) small books

scattered throughout microcline-quartz pegmatite; (b) small
books in albitized - pegmatite along country-rock contacts or
around the margins of inclusions; (c) somewhat larger books
along throughgoing fractures; and (d) small to very large books
in albite-rich- pegmatite along the margins of quartz masses.
The last mode of occurrence is by far the most common and is
of greatest commercial importance. - : ’
;.. The richest mica shoots in the north dike are on the south
side of the remnants of the quartz core. As exposed in the
underground workings (now caved) near the west end of the
dike, the main shoot appears to plunge west-southwest at mod-
erate angles, in general more steeply than the slope of the canyon
wall. .Many mica concentrations are present in the western part
of the main pegmatite body, but they flank small quartz masses
and are small and relatively discontinuous. The richest.of these
shoots have been worked by open-cut methods north of the cabin
in the canyon and south and southeast of the Graphic Cliffs.

Much mica was obtained from the New and Old Lower pits
and the workings that connect with the Espinosa shaft and Hoyt
adit. These are along the south flank of a large quartz mass that
dips southward to points 15 to 25 feet beneath the surface and
thence steeply northward. "As exposed in the workings, the main
mica concentration plunges west to southwest at moderate to
steep angles and is associated with many partially pegmatitized
wisps of country rock. - Other concentrations have been worked
on both flanks of a tabular quartz mass to the east-northeast.
The Upper pit has been execavated along the south-dipping hang-
ing wall of this mass, and the Porcupine stopes lie along its foot-
wall 15 to 25 feet below. The mica concentrations, as well as
those worked in the Twin stopes farther east, appear to have been
very rich, v »

i 'The largest and best mica books are in direct contact with
massive quartz. -Some are 8 feet in diameter and a foot or more
thick, but average dimensions are 10 inches and 6 inches, respec-
tively.. ‘Shoots along the main quartz mass are said to have con-
tained 25 percent mica, and locally as much as 90 percent. That
such figures may be reasonably accurate is suggested by the mica
content of faces in the accessible workings (Table 7).

i»- ..~ The mica is pale green to rather dark greenish brown. The
brown books, which contain the hardest mica, occur in the largest
shoots in the ' main pegmatite body. Much of the mica is slightly
wavy, but.itisplits easily. Hematite and magnetite stains are
not comimon. - The chief defects are “A” and wedge structure,
ruling, wrinkling, and buckling. Herringbone structure, albitiza-
tion, silica and garnet inclusions, and clay stain are present
locally. The mica in contact with massive quartz occurs as large
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TABLE 7. MICA IN FACES, KIAWA DEPOSIT

. Area of face % mica in face
Location (square feet) (by -volume)
Mica shoot not in contact with
massive quartz:
Upper Twin stope 22 7
Lower Twin stope 19 9
Stope from Espinosa shaft 31 13
- Pit north of cabin in canyon 20 5
Average 8.5
Weighted average 8.0

Mica shoot in contact with
- masstve quartz:

Upper Twin stope : 18 15
Lower Twin stope 17 19
Upper cut 14 27
Porcupine stopes
(average of 4 faces) i . 21
Stopes from Espinosa shaft
(average of 3 faces) 52 i 24
. Main junction of workings from :
Hoyt adit 23 36
Northeast drift from Hoyt adit 32 12
Room at head of raise from Hoyt .
workings 38 16
Average 21 :
Weighted average 21

individual “A” books, from whose central portions flat sheets
and ribbons can be obtained, whereas the material in other parts
of the shoots tends to be tightly intergrown in buckled, wedged,
and tangled masses. Ruling, warping, and breaks are very com-
mon in material adjacent to slip planes that can be traced into
faults in the country rock. .

RECENT OPERATIONS AND FUTURE POSSIBILITIES

The nature of past operations at the Kiawa deposit makes
it impossible to determine mica quality on the basis of production.
Much sheet mica was obtained by mining large books selectively
and leaving most of the mica in the ground. Perhaps the best
example of this technique was the mining of large mica masses
from the Old Lower pit by Espinosa in 1914. After rough thumb
trimming, a ton of this material was shipped to a Denver concern
as a selected mine-run product, and when prepared yielded 71
percent half-trim sheet mica. In 1941, when Maestas encoun-
tered a rich concentration in the north dike, he obtained 1,500
pounds of book mica in one and a half days. This material yielded
more than 110 pounds of large sheets, and one 72-pound book
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yielded 12 pounds of 14-inch half-trim sheets. Such “high-
grading” has been somewhat offset by operations aimed at the
production of scrap mica, in which much sheet material has
been broken up and included with the mine scrap. Study of the
most recent operations in unusually rich mica-bearing pegmatite,
based in part upon data furnished by Maestas, also bears testi-
mony to the irregularities in the mica shoots (see Table 8).

TABLE 8. OPERATIONS FOR STRATEGIC-GRADE MICA,

KIAWA MINE
Operations Operations in “bull Operations in
from 1940 mica’ concentration room at head
to September at main junction of of raise from
1943 workings from Hoyt workings
Hoyt adit
Volume of pegmatite
mined (calculated)
(cubic feet) JRS— 2,700 2,250
Weight of pegmatite
mined (tons) 225 188
Mine-run mica re-
covered (tons) 15 29 15
Total mica removed
(tons) . 19® 45° 23"
Proportion of mica in
pegmatite mined —_— 20% 129%

Proportion of recov-

ered mine-run mica

in pegmatite mined [ 129 8%
Plate mica (selected

mine-run) recovered

(pounds) 820 1,350 3,425
Prepared strategic-

grade mica recovered

(pounds) 67 76 165
Proportion of prepared

strategic-grade mica

in plate mica 8.2% 5.6% 4.89
Proportion of prepared

strategic-grade mica

in recovered mine-run -

mica 0.229% 0.13% 0.55%
Approximate value of re-

covered mine-run mica

per ton °© $41 $31 $82
Approximate value of peg-

* matite mined per ton © $3.74 $9.75

@ Based on assumption that about 20 percent of total mica was discarded on the dump
as fines and as small books in large rock masses.

b Based on assumption that about 35 percent of total mica was stocked on dump for
future mechanical recovery. .

¢ Based on price of $15.60 per ton for scrap and $6.00 per pound for prepared strategic-
grade mica.
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Although selected parts of many mica concentrations have
been mined, it seems likely that in future operations the bulk of a
given shoot must be worked and a high percentage of its con-
tained mica recovered. The “high-grading” of plate or scrap
mica has been a wasteful process, in which favorable financial
return has depended upon the presence of unusually rich concen-
trations near the surface and upon very low labor costs. Those
concentrations of reasonable promise that cropped out at the
surface now have been mined by crude methods to depths below
which even the richest masses could not be economically handled.
Further mining of the deposit, therefore, should be aimed at the
downward extensions of known shoots and at adjacent unmined
shoots that do not appear at the surface. The most recent opera-
tions by Hoyt and Maestas illustrate the recognition of this
necessity.

Relatively large concentrations of sheet and scrap mica
appear to remain in the Kiawa pegmatite. Although much of the
ground above the level of the Hoyt adit and in the vicinity of the
Lower pits appears to have been worked out, mica-bearing ma-
terial remains at lower levels. The most promising part of the
deposit for future development may well be the downward con-
tinuation of the mica shoot worked in the Upper pit. This is
probably below and southwest of the pit floor. The geologic set-
ting in the Twin stopes appears to be favorable for additional
mica concentrations, but the latest working faces are choked with
muck and cannot be examined. It seems likely that a high pro-
portion of mica produced from the pegmatite will be scrap.

Although the deposit is relatively inaccessible to heavy
trucks, it constitutes a potential source of potash feldspar of all
grades. Large bodies of No. 1 spar are exposed north and east
of the Upper pit, and material of lower grade is very abundant in
the vicinity of the Graphic Cliffs. »

SOUTH KIAWA DEPOSIT

About 1,000 feet southeast of the Kiawa mine is the South
Kiawa deposit (3, Plate 1), which forms a bold knob at an alti-
tude of 8,470 feet. It is 0.3 mile north of Kiawa Canyon in the
NW1, SW14 sec. 11, T.27N., R.8E., and is connected with the
Kiawa mine by a trail. It was last worked in October 1943 by
Philip S. Hoyt of Van Horn, Texas, under lease from Joseph M.
Maestas and associates, of Vallecitos. The openings comprise
three open cuts, the largest of which is 30 feet long, 7 feet wide,
and 4 to 15 feet deep. The mica obtained from them has
amounted to a few tons of scrap.

The pegmatite body is very irregular in detail (Figure 8),
but its general form is that of an asymmetric trough that plunges
moderately southwest. Its walls are well exposed. The country
rock is platy to thinly foliated micaceous quartzite, greenish gray
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quartz-mica schist, and dark green to black amphibole schist.
Though not actually in contact with the keel of the pegmatite, the
amphibole schist that is nearest the keel has been biotitized. As
shown by the contact between the schist and quartzite, the coun-
try rock has been folded into a large syncline whose axis pitches
moderately southwest. The general structure of the pegmatite
body thus reflects the structure of the country rock. Its west
arm is about 80 feet long, trends N. 25° E., and dips moderately
to steeply west-northwest. The east arm, which is broader and

“much shorter, trends N. 5° W. and dips steeply west. A thin
septum of pegmatite projects eastward from its end. Several
irregular pegmatite lenses and stringers are well exposed imme-
diately east of the end of the west arm.

Two large pods of massive quartz are present in the east
arm, but the bulk of the deposit consists of medium- to coarse-
grained microcline-quartz pegmatite that has been rather thor-
oughly albitized. The chief accessory minerals are cinnamon-
colored garnet, green fluorite, and deep blue-green beryl, all of
which are transected and corroded by veinlets of albite. Colum-
bite, samarskite, monazite, and bismutite are minor constituents.

Mica occurs (1) along and near the walls of the pegmatite
body; (2) along the margins of quartz masses; and (3) along
transverse fractures in the thickest portion of the body. The
concentration exposed in the middle cut (Figure 8) appears to
have been controlled by such early-stage fractures, which trended
northwest and dipped very steeply. These are in contrast to a
well-defined set of later joints that strike N. 80° W. and dip very
steeply north. The early mica-guiding fractures are concordant
with near-by faults in the country rock. The muscovite is green
and hard. Most of the books are reeved, warped, ruled, and
broken, especially near the late-stage cross-joints mentioned
above. Little sheet material, even of small size, could be obtained
from the shoots, and the total amount of recoverable mica appears
to be small. -

BUENA VISTA DEPOSIT

The Buena Vista deposit (4, Plate 1) is on the steep east
side of a short canyon about 0.1 mile north of Kiawa Canyon and
0.3 mile south-southeast of the Kiawa mine. The workings,
which are at altitudes of 8,200 to 8,300 feet, lie in the SW14, SW1,
sec. 11, T.27N., R.8E., and are accessible from Kiawa Canyon
over a poor trail. Neither the details of mining operations nor
the present ownership of the deposit is known. It is said to have
been operated by Joseph M. Maestas of Vallecitos about 1939, and
appears to have yielded a moderate amount of scrap mica.

Two large continuous pegmatite dikes occur in micaceous
quartzite that strikes N. 70° W., dips 50° to 65° south-southwest,
and contains minor linear elements that plunge gently west. The
south dike trends N. 70° W. and can be followed up the steep hill
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slope for several hundred feet. It dips very steeply and is 10 to
25 feet thick. In it are many cuts and pits, the largest of which
- is 35 feet long, 8 feet wide, and 18 feet deep. The dike is dis-
tinctly zoned, and contains a core of massive quartz with indi-
vidual microcline crystals of giant size. The wall zone consists
of medium- to coarse-grained microcline-rich pegmatite that has
been much albitized. Accessory minerals are samarskite, mona-
zite, columbite, fluorite, garnet, and rare beryl. Mica is present
in narrow but rich concentrations of small books along the mar-
gins of the dike, and in leaner concentrations of much larger
books along the borders of the quartz-core. It is light green, hard,
and fairly flat. The chief defects are ruling, reeves, and breaks.
Some of the books have been partly replaced by albite.

The other dike, which is 250 feet to the north, trends N. 80°
E. and dips steeply north. It has been opened in many pits and
cuts for a distance of 450 feet along the strike. Several of these
cuts are at least 20 feet long, 10 to 15 feet wide, and 15 feet in
maximum depth. The dike, which is 15 to 25 feet thick, contains
a well-defined core of quartz, with local large microcline crystals,
near its west end. To the east the central part of the pegmatite
consists of coarse microcline with local small masses of quartz,
but near its east end a thin irregular quartz core is present. This
distribution of quartz, which is unusual for pegmatites in the
Petaca district, may indicate that the mean plunge of the dike is
shallower than the slope of the canyon wall and that the quartz
core exposed near the west end is actually near the keel of the
dike. This structural interpretation is compatible with the gentle
plunge of minor structures in the country rock. ,

The wall zone is very rich in coarse microcline, but has been
partly albitized near the two ends of the dike. The accessory
minerals are similar to those in the south dike. Mica occurs in
the outer part of the wall zone and along the margins of the
quartz masses. Impressions of books 18 inches in diameter were
observed in quartz on the faces of several cuts. Most of the mica,
including that in the large books, is much ruled and broken. Al-
though an appreciable proportion of punch and small-size sheet
material could be obtained, none of the shoots appears to be rich
or extensive.

PERSIMMON PEAK-LAS TABLAS GROUP

EUREKA (LOMA) DEPOSIT

The Eureka or Loma mine (5, Plate 1) is near the center of
the south edge of sec. 24, T.27N., R.8E. It lies at an altitude of
8,320 feet on a broad terrace-like flat 0.8 mile due east of Persim-
mon Peak and a mile west of Las Tablas, and is about 100 yards
north of the intersection of the Hoyt wagon road and the Las
Tablas-Vallecitos trail. The deposit was discovered and opened



" a4

Mapped
A Emro \

EXPLANATION

ﬁ/

——
Dump material
”ﬂ—l\/ N )

N Medium~ %\zmed %ﬁ"":ﬁ‘i‘é -—7uartfz pegrmatite

)
LTy, < N Coarse-grained mwmclme U_gzartz pegmatite

. ”'lll\\ . //\ with giant microcl rystals)
/////m\\‘\ ', e

7z
.,_:A
-\

Mzca cancentratwn
(shown as overprint on other patterns)

—4
> Quartz—rmica sckist
=\
& \ " \\\\.\\SJ 47\\
S = . > Strike and dzp of foliation
— \7, — ’ % e = Pegmtzte contact, showing Iip;
: : Y .[L\l\/ \ \¢/ \\ A\ 11 / . \Q\\ where approximate
. s S / X //// / / \\\\\\ 227 ! C’onﬁacﬁ ﬁetween pegmatite units
[ ﬁ L " \\ ~ ,\\\\ \ >~y T vy
39\ |5¢ j \\ / / ) \\% __________ \\/</{( N FLdge of cut or pit
\ K LAY H\\\ e~ \H!/r/'mr\ Ly’
AL = AR g o 5 /0 20 30
W7 7 Secale in feet
AT </Q[/ 1. ’l\\\\\\’ 2 Altitude of Contour intorral & Foct
Y B S A AR5 © PR est ted Datum is mean sea level
l from U 8. Forest Service map "
. e
FIGURE 9. Geologic map of the Eureka deposit




120 DESCRIPTION OF DEPOSITS

about 1900, but was most extensively mined during the period
1925-1929, when more than 100 tons of scrap and minor quanti-
ties of punch mica were obtained. The mine has lain idle for
more than ten years. Its present ownership is not known.

The pegmatite body is wedge-shaped in outcrop plan (Fig-
ure 9). Its axis strikes N. 70° E. and the tapering end points
east. From its other end a hook-like projection extends south-
west. The entire eastern third of the deposit has been opened by
means of a cut 60 feet long, 10 to 25 feet wide, and 5-to 13 feet
deep. A shaft, now caved, was sunk from a point in the cut near
the'east end of the pegmatite, and shallow irregular workings
extend westward from the west end of the cut. Three pits lie
farther west. The underground workings and the floor of the
main cut are choked with muck, but probably none of the work-
ings extended much farther than its present visible limits.

The country rock is poorly exposed quartzite and mica schist
whose foliation trends N. 40° W. and dips 45° SW. No linear
structures were observed. The foliation is markedly disturbed
near the pegmatite contacts, where the schist has been pervaded
with pegmatite material to form spotted feldspathic and pale
green mica-rich hybrid phases. As exposed in the main cut, the
north wall of the pegmatite dips steeply south and south-
southeast, the south wall dips steeply north-northwest, and the
east end plunges steeply west. These relations and the attitude
of the southwestern prong suggest that the body as a whole
plunges west and west-southwest at moderate to steep angles.

A core of massive quartz, which is partly exposed in the
northern part of the main cut, grades outward into coarse-
grained quartz-microcline pegmatite. The microcline is gray to
pale flesh in color and locally is cut by thin veinlets of quartz.
Small quantities of albite are scattered through most of the peg-
matite, and ill-defined concentrations are present here and there
along the margins of the quartz core. Fluorite, garnet, colum-
bite, monazite, bismutite, ilmenite, and sulfides are minor
constituents. V

Mica occurs as small books along the pegmatite-country rock
contacts, as much larger books along the edges of the quartz core,
and in local layer-like masses rich in albite that appear to have
been developed along sets of closely spaced fractures. It is light
to dark green, flat, hard, and free-splitting. Most of the books
are 1 by 114 inches or smaller, though several impressions of
18- by 24-inch books were observed in the massive quartz in the
main cut. “A” structure is present but is not common. Ruling,
haircracks, and breaks are the principal defects. This deposit
might yield a moderate amount of scrap mica and small propor-
tions of sheet and punch material. As the underground workings
are inaccessible, however, the distribution of the concentrations
down the plunge cannot be precisely predicted.
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SILVER ‘SPUR (OLD EUREKA, HOYT-SEWARD, LAS TABLAS)
DEPOSITS

The Silver Spur deposits, also known as the Las Tablas group
(6, Plate 1), are at the south end of a bold rocky ridge 0.6 mile
west-southwest of Las Tablas. They lie at an altitude of about
8,200 feet near the northeast corner of sec. 25, T.27N., R.8E.,
and can be reached over the Hoyt wagon road, a 8-mile circuitous
route from Las Tablas, or over less than a mile of more direct
but very steep trail from the same village. The deposits were
worked on a rather large scale during the period 1925-1930 by
the Hoyt Mineral Company of Las Tablas. According to Philip
S. Hoyt, president, 600 to 700 tons of scrap was sold to Chicago
and Denver consumers. No records of the sheet and punch mica
recovered from these operations are available. Much of the serap
mica was ground in Las Tablas.

The south workings, once known as the Old Eureka mine, are
in a large pegmatite dike that trends N. 20°-40° W. and dips
steeply to very steeply west-southwest and east-northeast. A
cut 25 feet long, 12 feet wide, and 3 to 16 feet deep lies along the
east wall of the dike and marks the south end of the workings.
A 30-foot tunnel, now partly flooded, was driven N. 20° W. from
the face of this opening. A second cut, 20 feet long, 6 feet wide,
and 4 feet deep, is several yards up the hill to the north, and
other shallow irregular openings lie farther north,. Many of
these also have been sunk along the east wall of the dike. Approx-
imately 225 feet N. 15° W. of the tunnel is a hanging-wall incline,
now flooded, that strikes S. 75° W. It slopes at an angle of 55°
and is said to be about 35 feet long. The dike appears to pinch
out about 175 feet north of this incline.

The country rock is thick-bedded quartzite that forms large
bold outcrops and rough slopes. Its foliation, which is commonly
very faint, strikes N. 40° W. and has an average southwest dip
of about 40°. On fresh surfaces the quartzite, which is some-
what feldspathic, superficially resembles a fine-grained non-por-
phyritic granite. It is cut by many dikes and sill-like masses of
medium- to coarse-grained pegmatite. Though irregular in
detail, most of these trend either N. 20°-40° W. or N. 70°-85° E.
The dips of both groups are generally very steep.

The main pegmatite dike, which is 80 feet in maximum out-
crop breadth and about 15 feet in average thickness, is a coarse
aggregate of microcline, quartz, and subordinate albite. Most of
the microcline is gray to creamy white, but a little is pale green.
It is markedly coarser in the interior parts of the dike than along
the walls, but no core can be readily recognized. Garnet, the most
abundant accessory mineral, occurs near the pegmatite borders
as crystals 14 inch to 2 inches in diameter. Many of these are
rimmed with green chlorite. Fluorite, samarskite, monazite, and
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to yellowish green masses in microcline-rich pegmatite near the
hanging-wall contact. Bismutite and other secondary bismuth
minerals fill fractures in quartz, but appear to be rare.

Although mica occurs throughout the pegmatite, it is most
abundant near the hanging-wall contact. It is present as in-
dividual books and as 1- to 6-foot rosettes of tanglesheet scrap
material that is intergrown with albite and minor garnet. It is
pale to dark green and moderately hard. Most of the books are
ruled, warped, twisted, and broken. Wedge, “A’”’, and herring-
‘bone structures are common. Although the amount of sheet ma-
terial that could be obtained from the deposit is probably very
small, both pegmatites might be satisfactory sources of feldspar
and scrap mica, especially if they were mined by bulk methods
and the two products were separated by milling.

CANARY BIRD DEPOSIT

The Canary Bird deposit is at the east edge of an elongate
meadow 0.75 mile southeast of Persimmon Peak (7, Plate 1). It
lies 500 feet south of the Las Tablas-Vallecitos trail at an altitude
~ of about 8,270 feet, and is in the NW14 SW1, see. 25, T.27TN,,
R.8E. The deposit, a single pegmatite dike 18 feet in outcrop
breadth, has been opened by means of three small shallow pits,
at least one of which has been worked during recent years. The
dike trends a little west of north and dips steeply west. Neither
end is exposed, but it appears to taper northward.

The surrounding rock is platy micaceous quartzite Whose
foliation strikes north-northwest and dips moderately west-
southwest. Near the pegmatite it has been impregnated with
~ white albite-oligoclase, white to pale green microcline, and abund-
ant small flakes of bright green muscovite. A distinct layering
is characteristic of the pegmatite border zone. The following
sequence is generally present from the country rock into the peg-
matite.

1. Mica-rich schist formed through the action of pegma-
titic solutions on quartzite country rock.

2. White to bluish quartz in a layer 14 to 34 inch thick.

3. Fine-grained sugary microcline—albite-oligoclase peg-
matite, locally much albitized, in a layer 14 inch to 114
inches thick. , ,

4. Sugary microcline-albite-oligoclase pegmatite with
abundant small crystals of garnet; this garnet-rich layer
is 14 to 14, inch thick.

5. Fine- to medium-grained platy albite with abundant
fine-grained dark green mica, forming a layer 14 inch
to 114 inches thick.

6. Typical medium-grained microcline-quartz pegmatite,
partly albitized; this material forms the wall zone.
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The pegmatite body contains a quartz core 3 to 8 feet in
breadth ; near its north end this unit contains a few large micro-
cline crystals. Flanking the core is a zone of coarse microcline-
rich pegmatite. Albitization appears to be confined to the con-
tact between these two units, and much of the microcline-rich
pegmatite has been completely replaced by curving blades of
cleavelandite 15 inch to 2 inches long. Replacement by similar
material has extended into the quartz of the core along a network
of fractures. Small crystals and rounded masses of columbite,
-monazite, samarskite, and bismutite occur in the albite; the latter
two minerals are also present in the quartz. Small red to cin-
namon-colored garnet crystals, pale green fluorite, and blue-green
beryl are present near the borders of the dike, and one trans-
parent deep green crystal of tourmaline 14 inch in diameter was
seen in the largest pit. A few flakes of pale pink muscovite are
present in the albite-rich zones.

Book mica is concentrated in the strongly albitized pegma-
tite at the margins of the quartz core. Most of the books are
small, badly broken, and marked by “A” structure. Inclusions
of garnet and albite are common. A few larger books, some as
much as 11 inches in diameter, are partly embedded in the quartz
of the core. These are light green in color, hard, and free-split-
ting. Some of the smaller books, in contrast, are dark green in
color and can be split only with difficulty. None of the mica con-
centrations is markedly rich, and the amount of high-quality ma-
terial that could be obtained from the deposit is very small.

MEADOW DEPOSIT

Eight hundred feet north of the Canary Bird deposit and on
the eastern edge of the same elongate meadow is a series of work-
ings that have been sunk in a large pegmatite sill known as the
Meadow deposit (8, Plate 1). The main workings are at an alti-
tude of 8,300 feet in the SW1/, NW1/ sec. 25, T.27N., R.8E. They
are north of the Las Tablas-Vallecitos trail and 500 feet west
of its crossing with the road to the La Jarita mine. Four cuts
have been driven eastward into a short steep hill slope, thence
westward and down for short distances along the hanging wall
of the pegmatite body. Most of the shallow underground parts
of these openings are now filled with muck.

The pegmatite sill strikes N. 10° - 15° W. and dips 20° - 40°
W. It is 6 to 8 feet thick, although its outcrop, which is on a
west slope, suggests a much greater thickness. The rock is ex-
tremely coarse-grained and consists chiefly of microcline and
interstitial quartz. Graphic granite is present locally. Albite
is a subordinate but widespread constituent, and its distribution
appears to have been controlled by throughgoing fractures, frac-
tures along quartz-microcline contacts, and cleavage cracks in
the potash feldspar. The accessory minerals are garnet, fluorite,
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beryl, and minor columbite and samarskite. Much of the fluorite
h.altls been dissolved, leaving small cavities near the walls of the
sill,

Mica occurs as widely scattered books in all parts of the peg-
matite that contain moderate quantities of albite. It also is con-
centrated near the hanging wall and footwall of the sill as in-
dividual books 6 to 14 inches in diameter and as larger tangled
intergrowths of books. It is medium green in color and mod-
erately hard. Most of the books are strongly ruled and broken,
Sﬁ that little strategic-grade material could be obtained from
them.

ALMA (KANSAS CITY) DEPOSIT
By E. Wm. Heinrich

The Alma or Kansas City deposit (9, Plate 1) is near the
center of sec. 26, T.27N., R.8E. It lies at an altitude of about
8,400 feet on the steep northeast side of a canyon that drains
into La Jarita Canyon, and is 0.35 mile north of Russian Ranch.
It can be reached by automobile from the Mesa road over about
2 miles of ungraded road that passes immediately north of Poso
Spring, or on foot over a poor trail from Russian Ranch. The
- deposit was worked about 1900 by the Standard Mica Company,
and about 90 tons of crude scrap mica is said to have been
shipped to the Atlantic seaboard for grinding. The deposit was
later operated by Philip S. Hoyt of Van Horn, Texas. In 1943
the property was held under claim by A. C. Bohrnstedt of La
Madera, who leased it during June of that year to Messrs. W. L.
~and W. R. Marion. The Marion brothers operated the mine for
about eight weeks, and obtained 500 pounds of plate (selected
mine-run) mica, 3 tons of scrap mica, and 1,265 pounds of beryl.
The plate mica yielded about 83 pounds of strategic-grade sheet
material.

The workings, which are in a single sill-like body of pegma-
tite, consist of a large open cut 5 to 15 feet deep, 185 feet long,
and 45 feet in maximum width, a crosscut and raise, and several
small prospect pits and trenches (Plate 7). The crosscut, in
which the pegmatite was encountered about 80 feet from the por-
tal, is 88 feet long. A 30-foot raise was driven along the hang-
ing wall of the pegmatite body from the adit to the surface at an
_angle of about 35° (Figure 10).

The country rock is a micaceous quartzite that contains nu-
merous small stringers of pegmatite and many quartz veins. In
general both stringers and veins are conformable with the coun-
try-rock foliation, which strikes north-northwest and dips mod-
erately west-southwest. Rows of biotite flakes and parallel
needles of hornblende plunge moderately south-southwest. The
axes of drag folds and local crenulations pitch west-southwest at
somewhat lower angles. ‘

Northwest of the main pegmatite body the country rock has
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been injected lit-par-lit by many small pods and stringers of
quartz-rich pegmatite. This complex extends at least 250 feet
northwest from the mine workings; its maximum width is 70
feet. Within it the quartzite has been permeated with much
fine-grained muscovite to form a fissile rock with highly crumpled
foliation. Southwest of the mine workings a biotite-bearing rock
occurs in the quartzite as dark-colored lenses and pods. The
largest of these is 65 feet long and about 2 feet thick.

The main pegmatite body, which is 560 feet long and 15 feet
in maximum thickness, strikes N. 20° W. and dips 20°-55°WSW.
It is broadly conformable with the structure of the country rock,
but locally cuts across it. Its crest and keel, as well as some of
the mica concentrations and other lithologic units, appear to
plunge moderately to gently west-southwest in accord with the
plunge of some of the minor country-rock structures. The
thickest part of the body has been mined over a strike length of
270 feet. Southeast of the main pit the pegmatite thins mark-
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edly, and thence gradually dwindles to a thin stringer (Plate 7).
Minor offshoots, most of which are too thin to be shown on the
map, project from this stringer into the-wall rock at acute angles.
A persistent 2-foot quartz vein, which contains minor feldspathic
masses, crops out northeast of the main pegmatite body and can
be traced for 400 feet. Where it crosses the road it appears to be
offset about 15 feet along a fault, which probably trends
northeast.

The main pegmatite is not sharply zoned. It contains a
poorly defined core of massive quartz and coarse blocky micro-
cline in crystals as much as 6 feet in diameter. Surrounding
this core is medium- to coarse-grained pegmatite that consists of
quartz and miecrocline with subordinate quantities of albite, mus-
covite, and garnet. No zoning is present in the thin southeastern
part of the pegmatite, which is a medium-grained intergrowth of
quartz and microcline with minor albite and muscovite.

Near the margins of the body both quartz and microcline
have been replaced by albite. Replacement of quartz by platy
cleavelandite is common, and much of the adjacent microcline
occurs in relatively unaltered euhedral masses. Muscovite is
closely associated with the plagioclase. Of the accessory min-
erals, beryl, garnet, and fluorite occur in the wall zone, and bis-
mutite, columbite, samarskite, and monazite occur in both wall
zone and core. They are associated with cleavelandite and ap-
pear to be late-stage minerals. This also is true of some of the
fluorite. Pale yellow to yellow-green beryl occurs as subhedral
to anhedral masses transected by blades of cleavelandite and by
veinlets of muscovite and quartz.

Mica appears to be confined chiefly to the hanging-wall por-
tion of the pegmatite body, where it forms a selvage near the
quartzite contact. Additional books are sparsely scattered
through the wall zone. The mica is light green, hard, generally
flat, and mostly free from mineral spots and surface stains.  The
chief defects are numerous cracks, ruling, and local reeves. Gar-
net inclusions are rare. Most of the books are 2 to 3 inches in
diameter, but impressions of books as much as 9 inches in diame-
ter can be seen along the margins of some of the quartz masses. -

Only a few crystals of beryl were observed in place, but nu-
merous fragments occur in the dumps below the main open cut.
A block of this dump material 10 by 10 feet in plan and 2 inches
deep was outlined near the south end of the open cut and then
was handpicked for beryl. It was found to contain 0.1 to 0.2
percent beryl. On this basis the beryl in the entire dump would
amount to about 300 pounds.

Little mica is exposed in the Alma deposit at present, either
in the main open cut or in the underground workings. Although
the few books in the underground workings appear to be of
better quality than those in the cuts, the proportion of recover-
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able sheet mica would be small. In general the deposit should be
considered as a source of scrap mica with a potential small-scale
by-product of sheet and punch material and beryl, but the im-
mediate outlook for production is not encouraging.

OTHER DEPOSITS

Several small irregular pegmatite dikes have been opened
by means of five prospect pits half a mile east-northeast of the
Eureka mine. Most of these pits lie within a few yards of the
Las Tablas-Vallecitos trail. The pegmatites are in highly crenu-
lated quartz-mica schist whose foliation strikes N. 15° W. and
dips 40° W., and are not far from the contact zone with the Tusas
granite. They consist of extremely coarse-grained microcline
and minor interstitial quartz. The dikes are 8 to 15 inches in
thickness, and several contain microcline crystals that extend
from wall to wall. Similar large crystals of graphic granite, in
which quartz rods as much as 4 inches in diameter are present,
were observed in some of the smallest dikes.

Muscovite and albite are scattered irregularly through the
pegmatite. Much of the mica appears to mark the positions of
partly or wholly digested wisps and plates of included country
rock. The books are pale green and hard, but much ruled and
broken. Most are less than 2 inches in diameter. None of the
concentrations appears rich enough to support even a small-scale
mining operation.

Several sill-like pegmatite bodies have been prospected in
the area between the Eureka and Canary Bird deposits. Local
concentrations of mica are present, generally along the hanging
walls, but the books are small and badly broken. Several poorly
exposed pegmatites 0.2 mile west-southwest of the Meadow de-
posit have been opened by means of small pits. The showings
are poor and little mica appears to have been obtained. Hema-
tite-molybdenite streaks have been exposed in quartz veins and
thin quartz-rich pegmatites on both sides of a wagon road that
extends south and south-southeast along a prominent ridge 0.3
mile east of Russian Ranch. Pits that have been sunk on these
deposits have exposed concentrations too small to warrant fur-
ther development.

LA JARITA-APACHE GROUP

" LA JARITA DEPOSIT
By Lauren A. Wright

The La Jarita pegmatites (10, Plate 1) are exposed along a
south-flowing tributary to La Jarita Canyon in the SW1 SW14
sec. 25, T.27N., R.8E. They are 0.7 mile east of Russian Ranch
at an altitude of about 8,200 feet, and can be reached by automo-
bile from the Mesa road via Poso Spring over about 4 miles of



LA JARITA-APACHE GROUP 129

poor road. The deposit was originally located by E. B. Seward
in 1920 and was later taken over by J. C. Valesquez, who sold it
to the Eureka Mica Mining Company of Vaughn, New Mexico, in
1923. B. F. Harelson and R. H. Harelson of Albuquerque, New
Mexico, and J. C. Harelson of San Jose, California, are the chief
officers of this company. About 25 pounds of plate (selected
mine-run) mica valued at $50.00 was obtained by the Harelson
brothers in 1923, but no production was recorded during the fol-
lowing twenty years. The latest operations, during the period

August-October 1943, yielded 279 pounds of selected book mica
and a few thousand pounds of scrap. About 20 pounds of stra-
tegic-grade material was obtained from the books.

Three mica-bearing pegmatite bodies, here designated as the
North, Middle, and South dikes; have been explored by shallow
trenches and cuts. A shallow discovery shaft was sunk on the
North dike by Seward in 1920, and a second shaft was sunk near
the east end of the South dike by the Harelson brothers.in 1923.
Both openings are now caved and water-filled. Shallow cuts were
also dug near the east end of the South dike in 1923, and a broad
area near its west end was stripped. The North dike has been
worked by means of an open cut 55 feet long, 7 to 13 feet wide,
and 14 feet in maximum depth. This has been abandoned and
is now partly caved. The most recent workings consist of a cut
and an appended drift that extends about 20 feet eastward into
. the Middle dike near the bottom of the small canyon.

The country rock is typical platy to thick-bedded micaceous
quartzite that forms bold irregular ledges throughout the mapped
area (Plate 8). Its foliation strikes north to north-northwest
and dips west to southwest at moderate angles. Where recogniz-
able, its bedding tends to be conformable with the foliation.
Many linear structures, chiefly the axes of small drag folds and
local crenulations, pitch west and west-southwest at moderate
angles. As in many other parts of the district, much mica is
present in the country rock wherever pegmatite dikes and quartz
veins are present. o

The pegmatites and associated rocks can be divided into
three groups, as follows.

1. Many thin, irregular, and discontinuous quartz veins
and quartz-rich pegmatite dikes trend parallel with the
country-rock foliation, but in general dip more steeply
west. They can be traced for distances ranging from a
few inches to 160 feet, and rarely are more than 3 feet
thick. They are virtually barren of mica. ‘

2. A few thin dikes that consist chiefly of coarsely inter-
grown quartz and feldspar also trend parallel to the
strike of the country-rock foliation and dip steeply west
to west-southwest. One of these dikes is more than 300
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feet long, though extremely sinuous in detail and locally
discontinuous in its exposure (Plate 8).

3. The larger mica-bearing pegmatites are dikes that trend
east to northeast and dip steeply north to northwest.
All are elongated lenses that plunge west to west-south-
west at moderate angles. The North dike is 275 feet
long and 13 feet in maximum depth, and pinches down-
ward in the long cut. The Middle dike is 165 feet long
and 12 feet in maximum width. The South dike, whose
general outcrop plan is that of an irregular dumbbell,
is 155 feet long, 5 feet wide in its central portion, and
31 feet and 19 feet wide near its east and west ends, re-
spectively. The contacts between pegmatite and coun-
try rock are everywhere sharp.

The large dikes are distinctly zoned, with cores of massive
quartz, intermediate zones of coarse blocky microcline and coarse
aggregates of quartz and microcline, and wall zones of finer-
grained microcline-rich pegmatite that has been partly albitized.
The mica occurs in this microcline-quartz-albite rock. The zones
and mica shoots plunge west at moderate angles, thus tending to
conform with the plunge of the dikes.

The North dike contains a thin discontinuous core of mas-
sive quartz. The Middle dike is much less distinctly zoned,
though a central quartz rib is present near its eastern end. The
breast of the recent drift shows only a progressive coarsening
of the pegmatite from the walls toward the center. The eastern
bulge of the South dike contains a quartz core near its east end
or keel, and an intermediate zone of blocky microcline is present
farther west. In the center of the west bulge is coarse blocky
microcline. The thin “neck” of the dike appears to consist of
quartz and minor albite.

The quartz in the pegmatites is colorless to smoky. Most is
interstitial to microcline, but local late-stage veinlets cut across
the Middle and South dikes and a larger quartz vein transects
the wall zone of the North dike and merges with its core. The
microcline is gray to flesh colored and coarsely perthitic. It oc-
curs in the intermediate zones of the South dike as irregular
masses and well-formed crystals 10 inches in average diameter.
Both cleavelandite and the sugary varieties of albite are present.
In the hanging-wall portion of the North dike albite is unusually
abundant; elsewhere it is irregularly distributed through the
outer parts of the dikes. Locally it occurs in layers along frac-
tures in quartz and potash feldspar, as well as in large rosettes
that appear to have replaced earlier feldspar.

The common accessory minerals are fluorite, samarskite,
spessartite garnet, ilmenite, and magnetite. Minor accessories
are columbite, monazite, and beryl. Most of the ilmenite and
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magnetite occurs in the quartz veins and in the quartz cores of
the dikes. The garnet is present as pale orange to red masses
in quartz and albite, and rarely as flattened crystals in the mieca.
Fluorite is abundant in the outer zones of the Middle dike, gen-
erally as pale green masses less than an inch in diameter. The
beryl occurs as small waxy pale yellow-green masses near the
south margin of the eastern bulge of the South dike. It is com-
monly cut by late-stage quartz veinlets, and in such places is
associated with samarskite. The columbite and monazite are
rare constituents of the albite-rich zones.
: The mica in the Middle dike is pale to bottle green, flat, and
very hard. It is generally free from spots and surface stain. TIts
chief defects are breaks, ruling, some waviness, and local “A”
structure. The edges of many books are corroded by albite. Al-
though diameters of 10 to 14 inches are common, the average di-
ameter is probably about 3 inches, and much of the mica is too
small to yield sheet material. The mica in the North and South
dikes is softer, slightly darker in color, and probably somewhat
smaller than that in the Middle dike. Most of this mica is scrap.
Inclusions of quartz and albite are common, and flattened gar-
nets have also been observed. ‘ ‘ ,

The mica concentrations occur, in decreasing order of rela-
tive abundance, along hanging-wall contacts, footwall contacts,
and margins of quartz masses. Most of the books thus far pro-
duced have been taken from the hanging-wall portions of the
North and Middle dikes. Even where the richest concentrations
occur, the proportion of mica in the pegmatite is generally less
than 5 percent. As shown by production data for a recent period
of operations, however, the proportion of recoverable strategic-
grade material is relatively high (Table 9).

Any future production of mica will probably come from
westward down-plunge extensions of the hanging-wall shoot al-
ready worked in the North dike, and possibly from similar down-
plunge extensions of shoots that flank the quartz core in the
Middle dike. Scattered mica books and impressions of books
that have been weathered or mined out along the west borders of
the quartz mass in the South dike also suggest a potential small
source. Although the concentration of mica in most of the shoots
is relatively low, the shoots themselves can be reasonably extra-
polated to depths of several tens of feet.

LONE WOLF (SILVER DOLLAR) DEPOSIT

The Lone Wolf or Silver Dollar deposit (11, Plate 1), is on
the south side of a short steep ridge south of La Jarita Canyon
and 14, mile south-southeast of Russian Ranch. It lies at an alti-
tude of about 8,300 feet in the NW1/4, NE1/, sec. 35, T.27N., R.8E.
Access from Russian Ranch and the Las Tablas-Vallecitos trail
is by a short wagon road, and from the ends of newly completed
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TABLE 9. OPERATIONS FOR STRATEGIC-GRADE MICA,
MIDDLE CUT, LA JARITA DEPOSIT

Volume of rock mined (calculated) I _ 2,080 cu. ft.
Weight of rock mined _ ——_ 173 tons
Weight of pegmatite mined 158 tons
Mine-run mica recovered_ e —- 2,500 1lbs.
Total miea removed® __________________________________ 2,780 1bs.
Proportion of mica in pegmatite mined 09 %
Selected book mica recovered 279 1bs.
Prepared strategic-grade mica recovered_.______________ 16.75 1bs.
Proportion of prepared strategic-grade mica

in selected book mica_______________________________ 6.0 9%
Proportion of prepared strategic-grade mica

in recovered mine-run mica [ 0.6 %

2 Based on assumption that about 10 percent of total mica was discarded on the dump
as fines and as small books in large rock masses.

all-weather roads at the Lonesome mine and Goodge sawmill
by automobile trails and a wagon road. The deposit is reported
to have been worked for scrap mica about 1900, during the pe-
riod 1918-1922, and about 1935. A little work has been done
during recent years by Joseph M. Maestas of Vallecitos.

The main workings are in a large pegmatite dike that is 15
to 85 feet in outerop breadth and at least 300 feet long. It trends
nearly due west and is essentially vertical. The east end of the
workings is marked by a shallow shaft, the west end by a short
tunnel. Between these are several irregular pits and cuts whose
maximum depth is about 20 feet. An adit, said to have been
driven in 1922, runs about N. 35° W. from a point near the
canyon bottom and extends beneath the east end of the surface
workings. It furnishes about 50 feet of backs. Ninety feet from
the portal this adit splits into two branches, one 20 feet and the
other 30 feet long. A little overhead stoping was done at this
junction point.

The south contact of the pegmatite is well exposed 2 to 10
feet south of the surface workings, but little of the north contact,
which is probably very irregular, can be seen on the rubble-
strewn hill slope. The country rock, a mica-rich schist, has been
markedly disturbed near the walls of the dike. It occurs within
the pegmatite as long thin inclusions and septa, some of which
have been thoroughly impregnated with feldspar and other peg-
matitic material.

The dike is rudely zoned. Its core, which is 10 to 40 feet
thick, consists of quartz and extremely coarse aggregates of
quartz and euhedral microcline. It is not symmetrical within
the dike, but appears to lie near its south margin at the surface
and near its north margin in the underground workings (Fig-
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ure 11). The wall zone consists of very coarse-grained micro-
cline-quartz pegmatite that is locally rich in graphic granite. In
at least two places in the large cut near the east end of the sur-
face workings this graphic granite is transected by 2-inch to 4-
inch veinlets of microcline. The accessory minerals are garnet,
fluorite, and minor beryl, which occur in all parts of the wall
zone, and columbite, monazite, bismutite, ilmenite, and magne-
tite, which are more common in albite-rich pegmatite along the
margins of the core.

Mica occurs as books 2 to 10 inches in diameter in albite-rich
pegmatite along the margins of the core, as much fincr-grained
aggregates at or near the borders of the pegmatite, and as small
but locally rich aggregates in quartz at contacts between crystals
of graphic granite or between crystals of graphic granite and
microcline. In some places the microcline of graphic-granite
masses has been selectively albitized, and abundant small mica
books are present among the spindles of quartz. The mica is
pale green, clear, flat, hard, and free-splitting. Its chief defects
are ruling, breaks, and local “A” structure.

The only books that would yield usable sheet mica are those
adjacent to the quartz-rich core. Most of the sheets trimmed
from these would be very small, though a few of the largest blocks
would yield ribbon material 2 to 3 inches wide. The most prom-
ising mica concentration appears to be that along the contact be- »
tween the core and the wall zone, particularly along the south
side of the core. This shoot was worked near the surface and
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was encountered in the underground workings at the point where
the adit branches. Even this concentration may not be rich
enough, however, to support an operation for scrap mica.

About 100 feet northwest of the main workings are three
shallow pits in a 15-foot pegmatite dike. This dike trends N. 60°
W. and appears to dip steeply north-northeast. It contains a
well exposed quartz core in which a few scattered crystals of
microcline are present. The wall zone consists of mildly al-
bitized medium- to coarse-grained microcline-quartz pegmatite.
Mica is present at the margins of the core, but most occurs in
poorly defined pods 2 to 6 feet in maximum exposed dimensions.
These pods merge into the microcline-quartz pegmatite, but are
distinguished from it by their relative richness in interstitial
quartz. The mica is light green, flat, free-splitting, and clear.
The small size and severe ruling-of the books, however, make it
unfit for any but scrap uses. Garnet and a little fluorite are pres-
ent near the borders of the dike, and a few crystals of pale green
beryl occur along the margins of the core.

VESTEGARD DEPOSIT

The Vestegard deposit (12, Plate 1) is on rolling upland
country 114 miles east of Goodge sawmill and 0.4 mile north-
northeast of the Lonesome mine, which is at the end of a graded
and gravelled road from Petaca. The deposit lies at an altitude
of 8,015 feet near the center of the west half of sec. 36, T.27N.,
R.8E. It is connected with the Lonesome mine by an ungraded
road. The workings consist of a cut 25 feet long, 6 to 15 feet
wide, and 8 feet in maximum, depth, and of several small shallow
pits. Most were excavated by A. B. Vestegard and associates in
1942 and 1943. A little beryl and several hundred pounds of
scrap mica were obtained, and a few tons of feldspar is stock-
piled at the deposit.

Several irregular dikes and pods of pegmatite occur in
partly pegmatitized mica-rich schist. The contact zones are made
extremely irregular by many intricately branching pegmatite
apophyses and small pods of coarse feldspar. The dikes them-
selves congsist chiefly of coarse dark gray, creamy white, and
green to blue-green microcline. Some of the larger feldspar
masses contain irregular spindles and rods of quartz arranged
in a rudely graphic pattern. The other constituents of the peg-
matite are quartz, albite, mica, beryl, columbite, and samarskite.
The tantalum mincrals occur with cleavclandite and fine-grained
vellowish green muscovite in veinlets that transect masses of
potash feldspar. Small irregular vugs that are present in the
wall zones of the pegmatite bodies may have been formed
through alteration of fluorite and adjacent feldspar. Some con-
tain thin crusts of calcite, and the walls of others are coated with
fine-grained yellow mica. ‘
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Most of the mica is pale to dark green, and occurs in books
too small to yield sheet or punch material. These books are
strongly concentrated along the borders of the pegmatite masses,
but are not sufficiently abundant to be considered a promising
reserve of scrap mica. The deposit was recently worked because
the mjcrocline feldspar was thought to be medium- to low-grade
beryllium ore. This belief may have been based on an analysis
of a composite sample that contained some fragments of beryl;
tests of the feldspar itself have revealed little more than traces
of beryllium. 4

VESELEY DEPOSIT

About 2,000 feet east-northeast of the Lonesome mine and
0.3 mile southwest of La Jarita Canyon is the Veseley scrap-mica
deposit (13, Plate 1). It lies at an altitude of 8,230 feet on rela-
tively flat ground immediately north of a small canyon, and is at
the center of the south half of sec. 36, T.27N., R.8E. It is easily
reached by automobile from the Lonesome mine. The deposit
-was discovered by Joseph E. Veseley of Petaca and worked by him
during the fall of 1944. About 2 tons of rather pure fine-grained
scrap mica was produced. . . .

The deposit consists nf » sestes of small discontinuous veins
and pods of quarts, around which the country rock (quartzite)
has been thuroughly impregnated with mica. Most of the quartz
masses are less than 6 inches thick and 5 feet long, but a few are
as much as 3 feet thick and 15 feet long. Much of the quartzite
has been so altered that the resulting rock consists wholly of pale
green to yellowish green mica in flakes /¢4 to 14 inch in diame-
ter (average 13 inch). Such material grades into unaltered
quartzite through intermediate phases of thinly foliated quartz
mica schist. Most of the mica-rich bodies are irregular lenses
whose outcrop areas amount to a few tens of square feet or less,
and do not appear to continue to depths in excess of 10 feet.

The deposit has been worked by simple methods. The mica-
rich material has been loosened and broken with picks, further
broken with mauls, sieved to eliminate most of the quartz frag-
ments, and then shovelled into bags. The silvery to greenish
gray product has been remarkably pure and free from grit. Al-
though the reserves of serap mica may amount to many tens of
tons, the occurrence of the material in small lens-like masses
would necessitate working of the deposit on a small scale, and op-
erations might not be profitable at current scérap prices.

EL CONTENTO DEPOSIT :

The El Contento pegmatites (14, Plate 1) are exposed on a
low ridge a few hundred ‘féet east-northeast of the Lonesome
mine. They lie at an altitude of about 8,100 feet near the center
of-the " SW1/, sec. 36, T.27N., R.8E. Little is known concerning
the date of discovery and the early exploration of this deposit,
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but it was worked by Charles Flandsburg of Tesuque, New Mex-
ico, and Joseph Veseley of Petaca during 1943. Several tons of
feldspar and scrap mica, and a little beryl and sheet mica, were
produced.

The largest pegmatite dike is well exposed in three main
pits and in several shallow cuts. The west pit is 20 feet long, 10
feet wide, and 5 feet deep, and the others are somewhat smaller.
The main dike strikes N. 80° W. and dips very steeply south. It
is 4 feet thick in the west pit and appears to pinch out in the east
pit, about 3850 feet distant. The country rock is micaceous
quartzite and thinly laminated mica-rich schist whose foliation
strikes N. 55° W. and dips 40° SW. .

The pegmatite is not well zoned, although it is much coarser
near its center than along its borders. It consists chiefly of
coarse, buff, flesh-colored, and greenish microcline, white to gray
quartz, and white albite. Pale red garnet, green fluorite, and yel-
lowish to blue-green beryl occur near the walls of the dike. Col-
umbite, samarskite, and monazite are minor constituents of its
albite-rich portions, and secondary bismuth minerals are present
in Rnrrrn}t; of the quartz,

e mica occurs iw 1ae -like bodies th ich i _
bite and quartz. The diStI‘%lﬁ?gnl Uf thoso Sc;fn?;h%;;tfég}; I?H(?;t
of which are only a few feet in maximum dimensiqy, appe’ars to
be haphazard. The richest exposed concentration is 1 tho west
pit, where the pegmatite is unusually coarse-grained. The mica,
which is light to dark green, occurs in books whose average di-
ameter is about 4 inches. A few larger books, some with cleav-
age faces as much as 3 by 4 feet, are present. Most of the mica
is severely ruled and bent, and narrow ribbons are common. De-
spite these defects, a little sheet and punch material can be trim-
med from some of the books. The outlook for production of large
quantities of mica from this deposit is not encouraging.

About 200 feet south-southeast of the east pit is a cut 15 by
15 feet in plan and 5 feet deep. It exposes a dike or vein of
quartz that contains very small quantities of feldspar. A small
pegmatite dike approximately 300 feet south-southwest of the
east pit has been exposed in a pit 7 feet long, 5 feet wide, and 4
feet deep. The pegmatite consists of microcline, quartz, and al-
bite, with numerous very small blebs of samarskite. Little mica
is present.

ST. JOSEPH DEPOSIT

The St. Joseph deposit is on a gentle ridge 0.3 mile east-
southeast of the Lonesome mine (15, Plate 1). It lies at an alti-
tude of 8,120 feet near the center of the north edge of sec. 1,
T.26N., R.8E., and can be reached by trail from the Lonesome
mine or from an old road 700 feet to the east. The deposit was
worked during 1943 by Joseph Vesely and associates of Petaca,
who obtained a few pounds of sheet and punch mica and a little
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beryl, columbite-tantalite, and samarskite from five shallow
cuts.

The deposit consists of two large dikes that trend N. 50°-60°
W. Although the contacts are not well exposed, they appear to
be marked by zones of mixed pegmatite and country rock. Nu-
merous small feldspar pods and irregular pegmatitic veinlets in
the wall rock are similar to those in the contact zones of the Ves-
tegard deposit. Both dikes are rich in white, gray, and blue-
green microclihe. Quartz occurs as interstitial material, as ir-
regular spindle-shaped masses within microcline crystals, and as
scattered pods 6 inches to 12 feet in maximum dimension. Albite,
a common constituent of the pegmatite as a whole, is particularly
abundant along the margins of the small quartz masses. Pale
blue beryl and salmon-colored garnet are present near the walls
of both dikes as rounded crystals and irregular masses corroded
by albite. Bismutite and samarskite occur in the quartz, and col-
umbite in the albite. A little ilmenite is present in late-stage
quartz veinlets.

Most of the mica occurs as small books along and near the
margins of the dikes, and as somewhat larger books in albite-
rich pegmatite flanking the quartz masses. It is medium green,
fairly hard, clear, and nearly flat, but in general is too severely
ruled and broken to yield much sheet material.

North of the main dikes are quartz veins and lens-like
masses of quartz-rich pegmatite that contain columbite and platy
ilmenite. These minerals also occur in a strikingly layered rock
in which veinlets of quartz /46 to 3/ inch thick are spaced
closely and uniformly in altered mica-rich schist. _

Beside an old road about 900 feet east-southeast of the St.
Joseph deposit are three small pits in a well-marked zone of ir-
regular pegmatite lenses and stringers that are surrounded by
highly altered country rock. This zone trends N. 20° W. Many
pods of quartz and quartz-rich pegmatite are present, though
most of the bodies consists of coarse white, gray, and blue-green
microcline. Individual microcline crystals, some as much as 8
inches in diameter, are scattered through the country rock. A
little'mica occurs along pegmatite-country rock contacts, chiefly
as very small closely spaced books. Beryl and bismutite are
minor constituents of the largest pegmatite lenses.

LONESOME DEPOSIT
By E. Wm. Heinrich

-The Lonesome pegmatite (16, Plate 1) is 2.6 miles west-
northwest of Petaca in the SW1j4, SW14, sec. 36, T.27TN., R.8E. It
may be the deposit described by Just # as the Beryl prospect. It
lies on a gently rolling mesa at an altitude of 8,100 feet, and can

21 Just, Evan, Geology and economic features of the pegmatites of Taos and Rio Arriba
counties, New Mexico: N. Mex. School of Mines, State Bur. Mines and Min. Res. Bull 13,
p. 66, 19317.
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be reached from Petaca over 314 miles of gravelled all-weather
road that was completed in the fall of 19483 by the U. S. Forest
Service.

The deposit is said to have been discovered about 1932, but
details of the early mining operations are not known. The old
workings consist of a group of small surface cuts and open slot-
like stopes that extend to a maximum depth of 40 feet. The prop-
erty was purchased late in 1942 by Charles Besre of Tesuque,
New Mexico, who organized the El Nido Mica Company and be-
gan operations in November of the same year. A steeply in-
clined shaft was sunk, short crosscuts were driven to the hang-
ing wall at the 50-foot and 77-foot levels, and hanging-wall
drifts were run east and west at these levels. From the east end
of the 77-foot level an inclined raise was driven to connect with
old workings and with the surface. Some of these old workings
were also intersected by the new shaft. Regular mining was sus-
pended late in 1943, but Joseph Veseley of Petaca continued in-
dependent small-scale operations, chiefly near the surface at the
east end of the deposit, until October 1944. The mine was sold
a few weeks later to an organization represented by H. S. Coulter
of La Madera, but has not been reopened.

Several tons of feldspar and a little mica, beryl, and colum-
bite were obtained during the early operations, chiefly in the pe-
riod 1934-1987. During the most recent operations production
amounted to 130 pounds of high-quality sheet mica, 30 tons of
scrap mica, 4,500 pounds of beryl, 375 pounds of columbite and
tantalite, 12 pounds of samarskite, and a little monazite and bis-
mutite. About 80 tons of microcline feldspar has been stockpiled
on-the surface and in the mine.

Three bodies of pegmatite and several small quartz veins and
pegmatite stringers are present in the area (Plate 9). They oc-
cur in micaceous quartzite whose foliation strikes north-north-
west and dips 25° to 55° west-southwest. Linear elements in
the country rock, chiefly the axes of crenulations and small drag
folds, plunge moderately to steeply west. Near the contacts with
the pegmatite bodies the quartzite has been altered to a schistose
rock containing much feldspar and fine-grained muscovite. . The
original structure is preserved by the orientation of layers of
muscovite foils. Some fine-grained biotite was. also formed in
the quartzite along the margins of the pbegmatite mass; specimens
of this contact rock were found only on the dumps.

The three pegmatite bodies strike a few degrees north of
east and dip very steeply. The northern or largest body, the only
one that has been extensively worked, dips north at angles rang-
ing from 60° to 85°, whereas the other bodies dip steeply south.
The smaller pegmatite stringers and quartz veins trend slightly
west of north and dip to the southwest; they tend to be conform-
able with the structure of the country rock.
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Bach of the two southern pegmatite bodies is 85 to 90 feet
long. Both are lens-like in shape; the eastern one is 7 feet in
maximum thickness, the western 17 feet. The strike length of
the northern or main pegmatite body is 165 feet. Its maximum
thickness is 18 feet, and it has been explored for a vertical dis-
tance of 78 feet. Both of its ends are exposed at the surface, and
the eastern end is also exposed in the mine workings. The body
is cigar-shaped in plan, and probably is lens-shaped or lath-
shaped in three dimensions. Its eastern end is the surface trace
of a well-defined keel that plunges westward at angles ranging
from 40° to 54° (section A-A’, Plate 9). The plunge of the
fire?t is not known, but is believed to be similar to that of the

eel.

The main pegmatite body can be divided into six zones, as
follows.

A. Outer zones.

1. Border zone. Thin rind of medium-grained micro-
cline-quartz pegmatite, partly albitized; contains
irregular, poorly defined masses of partly digested
country rock.

2. Wall zone. Medium- to coarse-grained microcline-
quartz pegmatite, locally much albitized.

B. Inner zones.

1. Outer intermediate zone. Extremely coarse-grained
microcline-quartz pegmatite.

2. Middle intermediate zone. Coarse blocky microcline.

3. Inner intermediate zone. Massive quartz with large
well-formed crystals of miecrocline.

4. Core. Massive quartz.

As shown in Plate 9 and Figure 12, all the zones plunge
west at steep to moderate angles in approximate conformity with
the plunge of the pegmatite mass. The quartz core, which lies
near the keel of the dike, is very small at the surface but is con-
siderably larger at the level of the lowest mine workings. The
configuration of this unit at intermediate levels is not known, in-
asmuch as it was not reached by the short east drift (Plate 9).
The inner intermediate zone, which generally lies between the
quartz core and the zone of blocky microcline, is prominent at
the surface but tapers downward. Its microcline crystals are
extremely large; one exposed at the surface is 19 feet long and
occupies the full thickness of the zone.

The middle intermediate zone of coarse blocky microcline is
well exposed in the workings at the 50-foot level. In plan it



8%

Wall zore
Outer intermediate
zone (intermed. /)

Middle intermediate
zone (intermed. 2)

Inner intermediate zone

(intermed. 3/ Thin border
zone wn  west
Core 2Aalf of body

s not shown

Country rock (regparded as
Cransparent on diagram,)

Seale irn reet

FIGURE 12. Isometric plate diagram of the Lonesome deposit showing distribution of
pegmatite zones.




LONESOME DEPOSIT 141

forms a compressed “U” that is open toward the east end or keel
of the pegmatite body. Thus it is a narrow deep inverted trough.
The arms of the trough flank the core and the inner intermediate
zone, and are locally in contact with the country rock in the east
part of the dike. The principal exposures of the outer intermedi-
ate zone, which is also trough-like in shape, are in the pit at the
west end of the dike and in the upper 25 feet of the main shaft.
The wall zone and border zone are both well developed in the
western part of the dike, but elsewhere are present only as thin
len?{es and small patches between the inner zones and the country
rock.

Microcline and quartz are the chief primary pegmatite min-
erals. Veins and large irregular masses of cleavelandite, mus-
covite, and late-stage quartz transect many of the potash feldspar
crystals, chiefly along cleavage planes. Quartz and cleavelandite
veinlets also cut across crystals of beryl, garnet, and fluorite,
which are the principal accessory minerals of the outer zones. A
little late-stage beryl occurs as small flattened crystals with
cleavelandite. Purple fluorite, columbite, tantalite, samarskite,
and monazite are also associated with plagioclase. Some samar-
skite occurs as veinlets that transect masses of albite and colum-
bite-tantalite, and elsewhere it is present with sulfides in veinlets
of smoky quartz. ' .

The eastern or thinner of the two southern pegmatite bodies
congists chiefly of medium-grained quartz-microcline pegmatite
and medium-grained quartz-microcline-albite pegmatite, with .
several small masses of coarse blocky microcline. The western
body contains a well-defined core of massive quartz with large
microcline crystals. This unit is enveloped by quartz-microcline-
albite-muscovite pegmatite. Both bodies have been explored by
shallow pits.

Most of the mica in the main body occurs in albite-rich peg-
matite near the margins. Many concentrations lie along the con-
tacts with the quartzite, but others follow contacts between zones
and are separated from the country rock by narrow discontinuous
bodies of massive feldspar or by thin lenses of coarse-grained
quartz-microcline pegmatite. The mica shoots occur on both the
footwall and hanging-wall sides of the dike, but most of the new
workings are in hanging-wall concentrations, which are locally
very rich. As determined by measured areas of exposed min-
erals, mica constitutes 25 percent of the face at the east end of
the workings on the 50-foot level, and 18 percent of the face at
the west end. The general mica content of the main hanging-
wall shoot, as mined during the latest period of operations, is re-
ported to have ranged from 12 to 20 percent.

The mica is pale to dark green in color. Although it is rela-
tively free from mineral stain, a pale green mottling or vegetable
_stain is common. The largest book observed was 24 inches in
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diameter, but the average is probably about 4 inches. The gen-
eral quality is very poor. Most of the mica is soft, badly ruled,
wavy, and strongly marked by “A” structure. Some is tangled.
Many thick books are so soft and inelastic that they can be easily
bent and crumpled, and retain the shapes thus imparted to them.
A small “pocket” of higher-quality material was encountered in
the short east drift (50-foot level) at a point not far from the
shaft. This concentration yielded mica as follows.

Mine-run mica obtained ______ 1,800 Ibs.
Selected book mica obtained from mine-
run material _______________ 300 Ibs.

Prepared sheet and punch material of
strategic grade obtained from

selected books _____.______ 62 lbs.
Proportion of prepared strategic-grade '

material in selected books ______ 27 %
Proportion of prepared strategic-grade ‘

material in mine-run mica _______________ 3.3%

It seems likely that the average proportion of recoverable sheet
mica in the books from the hanging-wall concentrations is less
than 0.3 percent.

Beryl crystals are scattered irregularly through the outer
zones of the deposit. In addition, distinct concentrations occur
in albite-rich pegmatite in the eastern part of the dike, chiefly
along contacts between the quartz core and the middle inter-
mediate zone and along contacts between intermediate zones. In
these concentrations the mineral forms irregular masses and
crystals 15 inch to 10 inches in diameter. It is pale yellow to.
pale blue-green in color. Much of it contains veinlets of quartz
and is coated with small flakes of muscovite. The first ton of
concentrates produced in 1943 assayed 11.91 percent BeO, and
the second ton, which was sold late in 1944, about, 12 percent.

The distribution of columbite, tantalite, and samarskite is
similar to that of the beryl, and the four minerals were recovered
in a single operation. Most of the tantalum minerals were ob-
tained from the old workings and from recent surface cuts near
the eastern end of the dike. They occur as pod-like masses and
rudely formed crystals 14 inch to 6 inches in diameter. Unlike
most deposits in the district, the Lonesome dike contains both
columbite and tantalite. The maximum Ta,Os content of the
tantalite, as estimated on the basis of specific-gravity tests, is
about 50 percent, but much of the columbite-tantalite material
contains 20 percent or less. Samarskite and bismutite are pres-
ent only in very small quantities, but have been recovered in op-
erations for-beryl, columbite, and tantalite.
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The outlook for future production of more than minor quan-
tities of sheet mica, beryl, or tantalum minerals from the Lone-
some deposit is not encouraging. Although the mica shoots are
thick, persistent, and relatively rich, the material is chiefly of
scrap grade. The deposit contains abundant microcline feldspar,
but large-scale mining of this mineral has not been considered
feasible under current economic conditions. With an increase in
prices or a decrease in costs of mining and haulage, however, it
is possible that a feldspar-scrap mica operation would be prac-
ticable, particularly if beryl and tantalum minerals were recov-
ered as by-products. :

MICA LODE DEPOSIT

The Mica Lode deposit (17, Plate 1), in the NE1)4 NE;
sec. 1, T.26N., R.8E., lies on the west side of a broad glade at an
altitude of about 7,930 feet. It is about 0.3 mile north of Brown
cabin and 1,000 feet north of a large earth tank beside Sawmill
road, and can be reached by automobile from the old road to the
Lonesome mine (Plate 1). Nothing is known concerning opera-
tions at this deposit, and the workings are partly caved and filled
with muck. A cut 15 by 20 feet in plan and 6 to 10 feet deep ap-
pears to represent the earliest mining. A shaft was sunk from
the floor of this cut near its west edge, and the remainder of the
cut was then partly filled with waste. From the base of the shaft,
which appears to be about 20 feet deep, a small stope extends
north-northwest. The lowest parts of both ’Workings are flooded.

The pegmatite is-a dike 2 to 12 feet thick. It trends north-
northwest and dips west-southwest at steep to moderate angles,
and where exposed in the northwest wall of the shaft it appears
to plunge gently north-northwest. It is not sharply zoned, but
is a mosaic of microcline and subordinate quartz that is very
coarse-grained in its central portions and distinctly finer-grained
near the walls. Most of the quartz and much of the gray to flesh-
colored microcline have been albitized, and many large blocks of
coarse cleavelandite are present on the dump. Garnet and fluor-
ite, the chief accessory constituents, are locally abundant near
the borders of the dike. Beryl, columbite, and monazite were ob-
served in dump material.

The mica occurs as small closely spaced books along the mar-
gins of the dike and as somewhat larger books in poorly defined
albite-rich bodies that contain a relatively high percentage of in-
terstitial quartz. The average diameter of the larger books is
about 3 inches, the maximum observed diameter 7 inches. The
mica is pale green and is badly ruled, warped, and broken. It
would yield little sheet material. None of the mica shoots ap-
pears to be large or particularly rich.
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o NORTH STAR (MILLER) DEPOSIT -

Near the north end of a prominent ridge about 2 airline
miles northwest of Petaca is the North Star or Miller deposit (18,
Plate 1). It lies at an altitude of 8,075 feet, less than 0.2 mile
south of La Jarita Canyon and about half a mile north-northeast
of Brown cabin. It is in the SW1, SW1j sec. 30, T.27N., R.9E.,
and in the SE14, SEYj, sec. 86, T.27N., R.8E. The mine workings
are connected with Sawmill road by half a mile of poor auto-
mobile trail that extends north from a point at the top of the main
grade northwest of Petaca. _

According to statements of long-time residents, the deposit
was first worked during the period 1895-1902. Operations for
scrap mica were conducted in 1926 and 1927 by the Hoyt Mineral
Company of Las Tablas, in 1929 by the American Mica Products
Company, and briefly in 1938 and 1939 by R. H. Maulsby and J.
J. Maulsby. About 100 tons of scrap mica and a little sheet and
punch material were obtained by these and other operators dur-
ing the period 1920-1940. The mine was reopened in 1943
by A. C. Bohrnstedt of La Madera, who gave particular attention
to the west end of the deposit. Small quantities of scrap mica,
beryl, and monazite were obtained. All workings have been
idle since the fall of 1943.

: The deposit consists of a single long sinuous pegmatite dike
that trends N. 65° W. and dips steeply north-northeast near its
east end and south-southwest elsewhere (Plate 10). The oldest
workings are two narrow pits along the south margin of the dike
near its east end. These are 28 to 34 feet long, 4 to 10 feet wide,
and 5 to 15 feet deep. Both are partly filled with muck and may
have been much deeper at one time. Irregular pits 10 to 30 feet
long, 8 to 20 feet wide, and 3 to 15 feet deep, have been sunk along
both walls of the dike farther west. The most recent cut, near
the west end of the deposit, is 40 feet long, 3 to 20 feet wide, and
2 to 10 feet deep. _

The country rock, which is best exposed in the workings, is
greenish gray quartz-mica schist. The average strike of its folia-
tion is N. 45° W., the average dip 50° SW. No linear structures
were observed. The pegmatite dike is about 525 feet long, 64
feet in maximum outcrop breadth at a prominent bulge near its
west end, and 25 feet in average thickness. Its keel is not well
exposed, but its crest or nose plunges gently west. Minor irregu-
larities along the borders of the dike, as well as the lithologic
units within it, plunge moderately to gently west or northwest,
depending on the dip of the body at the point in question. Peg-
matite-country rock contacts are offset along several minor faults
and shear zones, particularly in the workings immediately west
of the Old pits. None of the displacements is more than a few
feet.

The North Star deposit is one of the most clearly and regu-
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larly zoned pegmatites in the district. A quartz core 370 feet in
exposed length and 10 feet in average width forms a continuous
central spine in the eastern two-thirds of the dike. West of this
core, and flanking its west end, is an intermediate zone of mas-
sive white to gray quartz with abundant crystals and irregular
‘masses of microcline 2 to 12 feet in diameter. Rude crystal
faces are present on even the largest of the feldspar masses. Iso-
lated parts of this zone are exposed in the west bulge of the dike.
The wall zone, which consists of very coarse-grained microcline-
quartz pegmatite, originally formed a complete envelope around
the inner zones;-but replacement by albite has all but obliterated
its original constituents in the east half of the deposit, where it
now appears as a partial zonal pseudomorph. Where it flanks
the quartz core the partly replaced wall zone is 5 feet in average
thickness, but farther west it constitutes the bulk of the dike. A
border zone of finer-grained microcline-quartz pegmatite that
contains much partly digested country-rock material is in gen-
eral 14 inch to 6 inches thick. Along the crest of the dike, how-
ever, it thickens to a foot or more.
v The microcline is white, light gray, tan, and brick red. The
albite, in contrast, is lustrous and white. The sugary variety of
-albite appears to have been formed at the expense of microcline
and is abundant in the west cut. Coarse cleavelandite is pre-
dominant in the wall-zone pseudomorph in the eastern two-thirds
of the dike, where it appears to have been formed through re-
placement of both microcline and quartz. Selective replacement
of potash feldspar by albite was most common in the intermedi-
ate zone near its contact with the quartz core. Garnet, green
fluorite, and a little pale green beryl are abundant accessory con-
stituents of the wall zone, and locally have been corroded and
partially replaced by albite. Columbite, samarskite, monazite,
and purple fluorite are most abundant in albite-rich pegmatite
exposed in the old workings, and bismutite and samarskite are
present near the margins of the quartz core. Small thin flakes
of bright yellow muscovite occur along cracks in feldspar and
quartz, especially in the West cut.

The richest concentrations of mica appear to have been taken
from the wall-zone pseudomorph along the south margin and near
the east end of the dike, and the largest books seem to have lain
against the quartz of the core. Impressions of these books in the
north walls of the Old pits suggest that many were 18 inches or
more in diameter. The concentration of mica appears to de-
crease westward along the strike of the dike. Books exposed in
the West cut, for example, are 1 inch to 3 inches in diameter and
are sparsely scattered throughout the pegmatite.

The mica is light to dark green, clear, and relatively hard.
Most of the books are badly ruled, warped, broken, haircracked,
and marked by “A” structure. Those that lay against the quartz
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core, however, were “flat-A’”’ mica and are said to have yielded
satisfactory sheet and punch material (Plate 10). Future at-
tempts to obtain mica from the deposit might profit by develop-
ing and mining the down-plunge continuations of the concentra-
tions worked in the Old pits. It is unfortunate that the floors of
these openings are so fouled with muck that inspection of the old
working faces is not possible.

MARY DEPOSIT

The Mary deposit (19, Plate 1) is about 400 feet south of the
main North Star workings in the southwest corner of sec. 30,
T.27N., R.9E. It consists of two large pegmatite dikes that trend
- west-northwest across the top of a broad ridge and part way
down its steep west slope. The workings comprise several shal-
low cuts said to have been dug about 1927, and three long narrow
cuts of more recent origin. The westernmost cut is about 15
feet long, 6 feet wide, and 8 feet in maximum depth, and from its
face a short tunnel extends several feet north-northeast. These
workings are said to be the result of operations during 1943 by
A. C. Bohrnstedt of La Madera.

The pegmatites are very coarse aggregates of microcline and
quartz, and are similar in mineralogy and texture to the pegma--
tite in the west part of the North Star deposit. A few small
masses of quartz that range from 1 to 5 feet in maximum dimen-
sion are present in the inner parts of the dikes, and poorly defined
bodies that are rich in interstitial quartz are more widely scat-
tered. Garnet, fluorite, and beryl are minor constituents of the
outer few feet of each dike, and columbite, monazite, bismutite,
and fine-grained, bright yellow, late-stage muscovite occur with
albite in the interior parts. Much of the feldspar is dark brick-
red. Mica-albite concentrations are present along the borders of
the dikes, along the borders of the quartz masses, and within the
quartz-rich bodies. These minerals are also sparsely scattered
through the remainder of the pegmatite. The mica books are
small and badly broken, and none of the concentrations appears
rich enough to support an operation for scrap material.

ETTER DEPOSIT
By William P. Irwin

The Etter deposit (20, Plate 1) lies at altitudes of 8,030 to
8,090 feet, 0.2 mile southeast of the North Star mine in the NW1j,
NW1, sec. 6, T.26N., RI9E. It is a long pegmatite dike that
trends nearly due west across the broad top of a prominent ridge
and part way down its sides. The main workings, which are a
few hundred feet east of the road to the North Star mine, con-
sist of two open cuts 15 feet long, 10 to 20 feet wide, and 5 to 15
feet deep. Both are undercut a few feet to the west. The history
of early mining operations is not known, but the deposit was last



44

EXPLANATION

(for Etter and Werner map areas)
Durmp material

J{zcroglvze-— Fine Yo medium grained

FUaT Strike and dip o roliation,
%;tea%iz Coarse grained 444%’\ mn? tr'engf cz7uio thcz%z
and mica Very coarse grazned o linear elemerd

-==~ Contact, showing dip, dashed
Blocky microcline a5 fr?};,ere a‘;pr’;xzmt;p
Massive guartz e o Condact between pegmatite wnits
AAAL ALY .
Quartz — platy aldite pegmatite Zage or cut or prt
Albite-rick pegrmatite 2 =2 Qo
Mica concentration (shown as over- - Scale in feet
pPrint on other patterrns) Contour interval /07
vart zni S S %25 (altitude it AP estimated
@ ztte 4 tz—mica i From U.S. J’gvoest Service mnap) Mapped by W.BITrwin /44

FIGURE 13. Geologic map of the Etter deposit.



148 DESCRIPTION OF DEPOSITS

and most intensively worked by A. C. Bohrnstedt and associates
in 1943. They produced a few pounds of strategic-grade mica,
several thousand pounds of scrap, and a little beryl.

The pegmatite dike, much of which is nearly vertical, is 700
feet long and about 15 feet in average thickness. Its eastern
third is marked by prominent bulges 25 to 80 feet thick (Figure
13). The trace of this dike makes an acute angle with the trace
of the country-rock foliation, which trends N. 40° W. to N. 65°
W. and dips 45° to 50° SW. Oriented flakes of biotite form linear
elements that plunge gently southeast; a second set of linear ele-
ments is represented by the axes of crenulations and larger drag
folds that plunge moderately west. As shown in the short west
incline, one of the bulges in the dike plunges west-southwest at
a low angle in general accord with the crenulations and larger
drag folds in the country rock. A similar plunge appears to be
characteristic of the pegmatite units exposed in the eastern bulge.

The dike is irregularly although sharply zoned. In its east-
ern two-thirds a discontinuous core of massive quartz appears as
thin lenses 5 to 20 feet long. In the two bulges there are inter-
mediate zones of coarse blocky microcline and rudely to well-

_formed microcline crystals in massive quartz. The most common
rock type is a coarse-grained aggregate of microcline and quartz
that forms an outer intermediate zone. It is flanked by a wall
zone, similar in composition but much finer in texture, that oc-
cupies the entire thickness of the dike 100 feet west of the west
bulge, but elsewhere tends to be less than 5 feet thick. A still
finer-grained border zone, too thin to be shown on the map, forms
a rind around the entire depogit. It is thickest near the west end.

The microcline is white, flesh colored, and light green. It
commonly occurs as well-formed crystals in the inner zones.
Both the sugary albite and cleavelandite are scattered throughout
the dike, and they are particularly abundant along contacts be-
tween intermediate zones or between intermediate zones and the
core. A large part of the wall zone near the west end of the de-
posit has been sufficiently replaced to be mapped as albite-rich
pegmatite (Figure 13). Garnet is abundant in the wall zone, as
well as in the albite-rich pegmatite exposed in the main work-
ings. It occurs as individual crystals /¢ inch to 14 inch in di-
ameter, and as irregular vein-like crystal aggregates. Fractured
crystals of light green beryl, 114 to 8 inches in diameter, are scat-
tered sparsely through the wall and outer intermediate zones.
Columbite, monazite, and bismutite are minor accessories. Much
of the albite adjacent to the columbite and monazite is stained
pinkish to brick red.

Small books of mica are scattered through the outer parts
of the dike, but larger books are present in distinet concentra-
tions in the albite-rich pegmatite exposed in the main workings.
The average size of the books, as measured on cleavage faces,
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is about 8 by 8 inches, but books a foot or more in diameter were
encountered during the recent mining. The mineral is light to
dark green, fairly hard, and generally free from stain. The qual-
ity is poor, owing chiefly to ruling, warping, and “A” structure.
Most of the books not strongly reeved are broken into narrow
ribbons by persistent ruling. The proportion of strategic-qual-
ity material obtainable from the deposit is extremely low; more-
over, it is doubtful whether the concentrations are sufficiently
rich or continuous to support a scrap-mica operation on more
-than a very small scale. :

WERNER DEPOSIT
By William P. Irwin

The Werner deposit is at the top of a long slope 400 feet
south-southeast of the Etter workings (21, Plate 1). It can be
reached by automobile from the North Star mine road, which is
a short distance to the west. During the past 30 years many
small pits and cuts have been excavated, but the most extensive
operations were conducted in 1926 and 1927 by the Hoyt Min-
eral Company of Las Tablas. About 80 tons of scrap mica,
chiefly green “A” material, and several hundred pounds of col-
umbite were obtained, according to Philip S. Hoyt, who directed
the work. The deposit was reopened early in 1943 by A. C.
Bohrnstedt of La Madera, and about 50 pounds of high-quality
sheet mica, several thousand pounds of scrap, and a little col-
umbite and beryl were obtained before work was suspended in
August of the same year. The amount of scrap mica taken from
all the workings probably does not exceed 100 tons.

The latest mining was done near the east end of the deposit
in a cut 40 feet long, 15 feet wide, and 15 feet in maximum depth.
From the bottom of this opening an incline 20 feet long, which
slopes at an angle of 25°, follows the footwall of the pegmatite
body. Footwall mica concentrations immediately west of this
incline were worked during 1927 and 1928 by means of surface
openings. Many of these are now choked with waste rock, but
none appears to have been more than 25 feet deep. At least ten
shallow cuts and pits have been sunk elsewhere in the deposit, but
do not appear to have yielded large quantities of mica.

The pegmatite is an irregular, trough-shaped body whose
general structure may well have been controlled by a broad warp
in the country rock (Figure 14). The axis of this trough appears
to pitch west at a moderate angle. The country-rock structure
strikes N. 17° E. to N. 60° W. Its average strike is about N. 25°
W., its average dip 35° WSW. Linear elements similar to
those in the Etter area pitch gently south or gently west. As
measured along the center of its exposed portions, the pegmatite
body is approximately 640 feet long and 60 feet or more in maxi-
mum breadth. An arm 15 to 40 feet thick extends southeast from
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the keel of the trough for a distance of 220 feet, and the north
limb of the trough may connect with irregular pegmatite bodies
that can be traced northwestward for at least 450 feet.

The south limb of the body consists chiefly of coarse micro-
cline-quartz pegmatite. This forms a wall zone that encloses an
irregular mass of similar composition which is.distinguished by
its extremely coarse texture. The wall zone is itself enclosed by
a border zone of finer-grained material. The north limb contains
a core of massive quartz that is flanked by a partially albitized
wall zone of microcline-quartz pegmatite. The large southeast
projection appears to have been originally coarse microcline-rich
pegmatite with irregular bodies of blocky microcline in its cen-
tral portions. Much of this material has been albitized also. In
the main bend of the pegmatite body are broad inner zones of
massive quartz and extremely coarse blocky microcline. The
quartz and feldspar might be regarded as separate units through-
out this part of the deposit, but it seems probable that at least a
part of this material represents the development on a giant scale
of the structural unit referred to in other deposits as massive
quartz containing large crystals of microcline. In general the
quartz is dominant in the south half of the bend and blocky micro-
cline in the north half,

Most of the minerals are similar in properties and occurrence
to those at the Etter deposit. Much of the garnet has been altered
to chlorite. The beryl crystals found in place, as well as beryl-
bearing dump material, indicate that this mineral is present most
commonly along the margins of the quartz core, particularly in
the north limb of the body. Some beryl erystals are present along
the footwall immediately north of the base of the eastward-pro-
jecting arm. Both green and purple fluorite were observed in
the face of the incline, where much of the purple material is
associated with tantalum minerals.

The richest mica shoot occurs in the albitized footwall zone
north of the keel of the deposit. It is said to have contained 20
to 35 percent mica, but the pegmatite in the present heading of
the incline is somewhat leaner. Less continuous concentrations
are present along the general contact between the inner and outer
zones on the south side of the north limb. The mica occurs in
light green books 3 inches in average diameter and 15 inches in
maximum diameter. The largest of these lie against massive
quartz or microcline of the inner zones. Few of the books would
yield sheet or punch material, owing chiefly to “A” structure,
ruling, and haircracks. A small proportion of the mica is stained
by black spots. Any future operations might best be aimed at
down-plunge continuations of the main footwall shoot, which
probably would yield a moderate amount of scrap.
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DE ARAGON DEPOSIT

The De Aragon deposit (22, Plate 1) is 0.4 mile east-north-
east of Brown Cabin and about 150 feet north of Sawmill road at
the top of the main grade northwest of Petaca. It lies at an alti-
tude of 8,020 feet in the SW14; NW1j sec. 6, T.26N., R.9E. A
cut 25 feet long, 5 to 14 feet wide, and 6 feet in maximum depth
has been excavated in mica-rich schist and in a sill-like mass of
quartz-rich pegmatite that trends north-northwest and dips 30°
west-southwest. This mass is 8 to 4 feet thick, but tapers to the
southeast. In the opposite direction it expands into a large body
of quartz 50 feet long and 25 feet in maximum breadth.

The pegmatitic material exposed in the cut is dominantly
quartz, with a few scattered microcline crystals near the footwall.
These crystals, which are 14 inch to 4 inches in diameter, are
associated with mica books 14 inch in average diameter (14 inch
maximum). Ilmenite is scattered through the quartz as tabular
masses 6 inches or less in maximum dimension. A rough radial
grouping is characteristic of some of the tablets. Columbite is
present as almond-shaped masses and as minor intergrowths in
the ilmenite. Both minerals are concentrated near the footwall
and occur in parts of the sill that are stained with hematite. Sev-
eral small fragments of garnet were observed on the dump. The
deposit appears to have been prospected for tantalum minerals
rather than mica.

CONQUISTADOR (AUGUSTA) DEPOSIT

The Conquistador or Augusta mine (23, Plate 1) is on a
broad ridge 1,800 feet west-southwest of Brown Cabin and 1,400
feet south of Sawmill road. It is in the NE14 SW1j4 sec. 1,
T.26N., R.8E., at an altitude of 8,020 feet. A rough automobile
trail connects it with Sawmill road. The deposit was discovered
about 1917 by Charles H. Berry, Sr., of Petaca, who sank a 20-
foot incline and several shallow cuts. In 1926 and 1927 the Hoyt
Mineral Company of Las Tablas obtained about 300 tons of scrap
mica and a small amount of punch material by enlarging and
deepening the incline. Since 1927 a little assessment work has
been done, and small quantities of scrap mica have been obtained
from the dump. The deposit is now held under claim by A. C.
Bohrnstedt -of La Madera.

The main pegmatite body is very irregular in shape, but is
essentially trough-like (Plate 11). The trace of the axial plane
of this trough trends about N. 75° W. The north limb dips
steeply south-southwest; the dip of the south limb is alse steep
but is variable in direction. The trough is open to the west, but
its limbs nearly join to form an elliptical plan of outcrop. The
country rock is quartz-mica schist, the foliation of which has an
average strike of N. 40° W. and an average dip of 45° SW.
Minor drag folds plunge gently west. Some of the pegmatite-
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country rock contacts are sharp, but most are marked by a zone
of mixed rock. As exposed in a shallow pit 50 feet west-south-
west of the portal of the main incline, this mixed zone is 115 to
3 feet thick. It is even thicker about 50 feet east of this pit, but
is incompletely exposed. The mixed rock appears to have been
formed through impregnation of the schist with pegmatitic ma-
terial. It contains abundant small scales of bright green mus-
covite, small “knots” of microcline and albite-oligoclase, some-
what larger scattered metacrysts of microcline, and salmon-pink
crystals of garnet. k

The length of the pegmatite body, measured between the
exposed tips of its main limbs and around the outcrop of its keel,
is approximately 210 feet. Its maximum width at the outcrop
ig at least 30 feet and may be much greater near its partly con-
cealed east end. An arm 10 feet thick extends northwest from
the north limb and grades along its strike into a quartz vein 2 to
4 feet wide. A thinner projection from the south limb trends
west-southwest and may connect with a lens-like body 60 feet
long and about 12 feet in maximum thickness (Plate 11). The
continuity of the main body is broken locally by septa and in-
clusions of country rock that plunge moderately toward the west.
This is in general accord with the plunge of the body itself, as
well as the plunge of minor irregularities in its borders. - Ex-
posures in the incline show that this plunge is about 30°.

The limbs of the trough, as well as the arms that project
from it, consist of medium to coarse microcline-quartz pegmatite
and lens-like bodies of massive quartz about 25 feet in maximum
dimension.

Eastward the feldspathic pegmatite surrounds. inner zones
of quartz and blocky microcline. It constitutes the wall zone, and
is in turn surrounded by a finer-grained border zone of similar
composition. A core of massive quartz is exposed in the north
yvall of the entry to the main incline and is present in the incline
itself, generally along the south wall and probably beneath the
floor as well (section A-A’, Plate 11). Much of the core has been
albitized along a network of fractures. Near the incline portal,
for example, angular fragments of quartz about 2 inches in di-
ameter form a mosaic in white to buff cleavelandite. An
inner intermediate zone of large individual microcline masses in
gray quartz occurs both above and below the core (section B-B’).
The ratio of microcline to quartz ranges from 1:1 to 4:1. The
outer -intermediate zone consists of nearly pure coarse blocky
ln.aic];'ocline, and is best developed near the centers of the two
imbs.

Cinnamon- and wine-colored garnet is present in fractured
crystals in the outer zones, and also as flattened inclusions in the
mica. Green fluorite is sparsely distributed in the wall zone im-
mediately west and south of the main entry, chiefly as crystals
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1 to 114 inches in diameter. Columbite, samarskite, and mona-
zite occur as very small masses associated with albite, and bis-
mutite is present as smears in quartz. Small almond-shaped
pods of extremely fine-grained pale green and pink muscovite
also occur in the albite-rich parts of the deposit.

The mica occurs chiefly as small flakes and books scattered
through the border zone and as coarser books scattered through
the wall zone. Several minor concentrations have been explored
by shallow cuts, and one well-defined rich continuous shoot has
been followed in the incline. This shoot is bounded above by the
hanging-wall contact and below by the core and inner intermed;-
ate zone. It lies along the junction of the northwestward-pro-
jecting arm and the north limb of the pegmatite body and to one
side of the main loop of the trough (Plate 11). Near the surface,
where the richest concentrations flank a thin septum of country
rock (section B-B’), the deposit has been worked by means of
two inclines. .These inclines join to the west where the septum
becomes less prominent.

The parts of the shoot worked in 1926 and 1927 are said to
have been very rich, possibly averaging 25 to 30 percent mica.
Measurements on present faces suggest that the remaining ma-
terial may be leaner.

‘The average diameter of the books is 2 by 3 inches, the maxi-
mum at least 11 inches. The mica is dark green, hard, and flat.
It splits well. Some books contain scattered black spots and local
brown lattice-like stain, but most are clear. Severe ruline., hair-
cracks, and breaks are the chief defects. Theoo, together with
the small average size of the books, eliminate the deposit as a
source of sheet mica. When it was worked, a little punch and
washer material was obtained, but the principal product was
scrap. The scrap is said to have yielded a ground product con-
siderably darker than that from other deposits in the district.

The heading in the incline suggests that the main shoot has
not been worked out down the plunge. Much of the south wall of
the incline is lean, possibly because it represents the flank of a
downward-projecting mass of relatively barren inner-zone ma-

TABLE 10. MICA IN FACES, CONQUISTADOR MINE

. Area of face % mica in face
Location (square feet) (by volume)
Heading, incline . 17 19
South wall of incline, adjacent to heading 23 : 8
South wall of upper incline, from North entry 30 14
South wall of incline, half way
between heading and portal 35 11
Average 13

Weighted average 12.5
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terial. Whether the mica continues downward and to the south
cannot be determined because the floor of the incline is covered
with a foot or more of muck. Much of the north face is likewise
inaccessible, owing to tightly packed backfill. The main dump is
unusually rich in serap mica, and according to A. C. Bohrnstedt,
small-scale tests made in 1943 indicate a content of 20 to 45 per-
cent in some places. Although more detailed sampling would be
required to establish the mica content of the entire dump, it may
contain as much as 15 percent of readily recoverable material.

WYOMING DEPOSIT

Five hundred feet east of the Conquistador mine is the Wyo-
ming deposit (24, Plate 1), a large nearly vertical pegmatite dike
that trends N. 80°-85° E. along the high flat southwest of Brown
Cabin. It is at least 500 feet long and 40 to 55 feet thick. It has
been prospected by means of many shallow pits and cuts.

The pegmatite is a very coarse-grained body rich in micro-
cline and graphic granite. Several quartz masses 4 to 30 feet
long and 2 to 6 feet thick are present in its central part, but it is.
not conspicuously zoned otherwise. Local concentrations of al-
bite and mica are present around the quartz, but elsewhere these
minerals are minor constituents. Accessory minerals are garnet
and green fluorite, which occur chiefly near the walls of the dike;
beryl, columbite, monazite, and samarskite are rare.

The mica is in light to medium green books, 2 by 8 inches in
average size. A few 1l-inch books are present at the margin of
the quartz masses, but these are widely scattered.  Minor concen-
trations of small books and foils occur along the margins of the
dike, but are of little economic interest. All the mica is badly
ruled and broken, and the proportion of recoverable sheet ma-
terial is very low. '

KEYSTONE-WESTERN DEPOSIT
By Lauren A. Wright

The Keystone-Western mine (25, Plate 1) lies -at an alti-
tude of nearly 8,000 feet at the edge of the gently rolling upland
north of Apache Canyon. It is in the SW14 SE1j sec. 1, T.26N.,
R.8E., and is 2 airline miles west of Petaca and 0.3 mile east-
southeast of the Conquistador mine. A poor but passable road
connects it with Sawmill road via the Conquistador mine and
Brown Cabin. The deposit was first prospected at least seventy
years ago, but was not opened up until about 1900, when it was
worked for scrap mica. The product was sent in crude form to
Cleveland, Ohio, for grinding. Intermittent operations during
the period 1900-1942, particularly in the years 1912, 1916, 1925,
1926, and 1935, are said to have yielded at least 200 tons of scrap.
The mine was last worked during the spring and summer of



156 DESCRIPTION OF DEPOSITS

1943 by A. E. Lyons of Santa Fe. Fifty-five pounds of prepared
sheet mica and about 15 tons of by-product scrap were produced.

The most recent workings are a steep 30-foot incline and two
appended drifts. A 12-foot drift extends east at the 15-foot
level, and a very irregular 20-foot drift extends west from the
bottom of the incline. A 53-foot vertical shaft is on the hanging-
wall side of the pegmatite at a point 50 feet east-northeast of the
incline. Twenty-foot drifts extend east and west from its bottom.
The more easterly parts of the pegmatite have been explored by
means of a short adit, a shallow shaft (now caved), and several
cuts and pits. Most of these workings are old.

The plan of the pegmatite body is somewhat like that of a
broad “U” open to the southeast (Plate 12). The outcrop
breadth of its central, curving portion is about 35 feet, and it
tapers somewhat toward the end of each limb. Discontinuous
quartz prongs extend southward from the ends of the limbs, .
which are about 310 feet apart. The east limb dips 65°-80° N.
and the southwest limb, which is not so well exposed, dips west-
‘northwest at lower angles. The entire mass appears to have the
form of an inverted trough that plunges northwest at moderate
to steep angles.

The country rock is typical micaceous quartzite with inter-
layered quartz-mica schist. The foliation strikes north to north-
northwest, and dips 40°-50° W. Small flexures and crenulations
are present in the eastern part of the mapped area. Their axes
plunge northwest at moderate angles and are in approximate eon-
formity with the axis of the main pegmatite body. The schist
and quartzite adjacent to the pegmatite are rich in fine-grained
mica, and locally they contain many closely spaced feldspar meta-
crysts. This alteration is most conspicuous along the very ir-
regular gradational footwall contact. The hanging-wall contact
is sharper in general and much less irregular.

Most common at the south end of the deposit is medium- to
coarse-grained microcline-quartz pegmatite with minor albite
and muscovite. A few small irregular quartz masses and albite-
rich bodies are present. To the north this rock grades into much
coarser material of essentially the same mineral composition.
The proportion of. albite increases in the same direction and
reaches a maximum at the main bend, where the pegmatite is
thickest. The margins of the body are not exposed, but they
probably consist of similar though finer-grained material. The
body thins eastward from its main bend and consists of several
poorly defined zones. The inner units consist of coarse micro-
cline and massive quartz that contains crudely formed microcline
crystals 3 feet or more in diameter. Flanking these is coarse-
grained pegmatite similar to that exposed west of the bend, and
a discontinuous zone of medium-grained microcline-quartz peg-
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matite is present along the margins of the body. A large, irregu-
lar mass of quartz marks the eastern end of the deposit.

The microcline is gray, flesh-colored, and deep pink. Many
of the larger crystals contain rough quartz spindles oriented to
form a crude graphic structure. The albite, which is white to
brick red, appears to have replaced microcline and quartz along
fractures. Coarse platy cleavelandite is the dominant variety.
The chief accessory mineral is fluorite, in small pale-green and
deep-purple masses. Samarskite and beryl were observed in speci-
mens from the dump, and columbite, monazite, and spessartite
garnet occur in dark red albite in several of the workings. The
garnet also is present in quartz and as small flattened crystals in
mica. Bismutite and associated secondary bismuth minerals oc-
cur as thin smears at the edges of small quartz masses, especially
near the bottom of the main incline.

The mica occurs in (a) poorly defined concentrations adja-
cent to masses of quartz and microcline in the central portion of
the pegmatite body near the main bend, (b) hanging-wall shoots,
(c) local concentrations adjacent to inclusions of country rock,
and (d) minor footwall shoots. Most of it lies between the pit
30 feet east of the shaft and the stream bed 25 feet southwest of
the incline, or along a strike distance of about 150 feet (Plate 12).
The richest concentrations are in the central and hanging-wall
portions of the pegmatite. The average diameter of the books
is about 5 inches, but the cleavage surfaces of many are as large
as 8 by 12 inches. Rich concentrations of much smaller books,
few of which would yield sheet material, occur along both walls
of the pegmatite body.

The mica is light green, hard, and generally free of stain.
Chief among its defects are “A” structure, herringbone structure,
and ruling. Breaks and ruling are especially widespread in the
footwall mica. The edges of many books have been corroded by
albite and quartz, and a few contain inclusions of quartz and gar-
net. Some are distinctly darker in color and are lightly stained
with magnetite and hematite. None of this mica was seen in
place, but it appears to represent a small proportion of the ma-
terial recently mined.

The richest shoots are small, but the mica in them constitutes
10 to 20 percent of the rock. Approximately 5 to 10 percent of
this mica would yield some sheet and punch material, chiefly from
the flat portions of large “A’” masses. In the more extensive
hanging-wall and footwall shoots, mica constitutes 3 to 5 percent
of the rock, and probably would yield a lower percentage of sheet
stock. During the most recent operations in the richer shoots,
the sheet mica recovered from the mine-run mica probably
amounted to less than 0.2 percent. The thickest part of the peg-
matite body seems most promising for future exploitation of
mica. A 80-foot extension of the western drift at the bottom of
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the shaft should intersect the albite-mica concentrations about
15 feet below their general position at the bottom of the incline,
This would give access to that part of the deposit known to have
yielded the largest quantities of mica. '

MAULSBY DEPOSIT

The Maulsby deposit (26, Plate 1), on the steep east wall
of a deep canyon, is in the SE14, SE1/ sec. 1, T.26N .» R.8E., at an
altitude of about 8,030 feet. It is most easily reached on foot
from Brown Cabin, less than half a mile to the north, or from the
Keystone-Western mine, 0.3 mile to the west. A small prospect
pit has been sunk in mica-bearing pegmatite adjacent to an ex-
posed rib of massive quartz 414 feet thick. This quartz is trace-
able to the east for several hundred feet—for the first few yards
as a core flanked by 1 to 3 feet of feldspathic pegmatite, and
thence as a quartz vein with little or no feldspar along its walls.
The transition from pegmatite dike to quartz vein is accom-
plished by a gradual thinning and disappearance of the pegmatite
wall zone and border zone. ‘

Although the border zone and wall zone of the dike contain
much albite, none of the mica concentrations is rich. Moreover,
the mica occurs in such small badly ruled and broken books that
the deposit does not appear to be of economic interest.

SILVER PLATE DEPOSIT

The Silver Plate pegmatite is on the south wall of Apache
Canyon, 0.9 mile by airline west-southwest of the Conquistador
mine (27, Plate 1). It is in the NW1 NE1, sec. 11, T.26N.,
R.8E. It can be reached from the Conquistador mine by wagon

-road and trail. Another trail connects it with the Apache mine,
which is about 0.7 mile down the canyon. The deposit is said to
have been opened prior to 1900 and worked intermittently during
succeeding years, but the history of these operations is imper-
fectly known. Production appears to have been greatest during
the period 1923-1928, chiefly from operations by the Eureka Mica
Mining Company of Vaughn, New Mexico. According to several
reports, the output amounted to a few hundred tons of scrap
mica.

The workings are at three levels in a large pegmatite dike
that trends N. 60° - 70° E. and in general dips steeply north-
northwest. Near the canyon bottom is a 90-foot tunnel with one
short branch. About half way up the steep hill slope is a cut 40
feet long, 15 feet wide, and 10 feet in average depth. It is on the
northwest side of the dike, which is at least 20 feet thick at this
point. Near the top of the hill is another cut 7 feet long, 6 feet
wide, and 4 feet deep.

The country rock is thick-bedded to platy micaceous quartz-
ite. Both bedding and foliation trend N, 85° W. and dip about
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55° SW. Linear structures are not common, but the few observed
pitch moderately west. The pegmatite in general is sharply
separated from the country rock. It is about 25 feet in maximum
thickness and 200 feet in outcrop length. Its keel and some of
the minor structures within it appear to plunge to the west at a
moderate angle. :

The dike is one of the most thoroughly albitized in the entire
district. Its lower or easterly portion has been almost com-
pletely replaced by plagioclase, so that only traces of what ap-
pears to have been a well-developed quartz core can be seen. As
exposed in the large cut, the pegmatite contains a sharply defined
central unit of massive quartz with local crystals of microcline.
Relations between this zone and the apparent quartz core have
been obscured by albitization, but it probably is an intermediate
zone that in part lay west of the core and in part flanked it.
It is flanked in turn by a wall zone of medium- to coarse-grained
microcline-quartz pegmatite. These units can be traced west-
southwest into parts of the deposit less completely replaced by
albite. Here their primary characteristics are more easily
recognized.

The chief accessory minerals, garnet and green fluorite, oc-
cur in the wall zone, where they have been partially replaced by
albite. Pale green beryl is also present in the wall zone but is
not common. Monazite, columbite, and samarskite were ob-
served in the lower workings, and bismutite occurs in quartz-rich
fragments on the lowest dump.

The richness of the mica concentrations does not appear to
be commensurate with the high degree of albitization in the de-
posit. A few minable shoots are present near the keel of the
body, as well as along the margins of the quartz-rich intermediate
zone. The mica is very light green and is said to yield excellent
“white scrap”. It is hard and generally free of stain, but the
books are badly ruled, crinkled, broken, and albitized. Some
sheet and punch material might be recovered from the larger
books that lie against massive quartz, but in general the deposit
would yield little but serap mica. Should the large but lean mica
shoots be the basis for a satisfactory operation at some future
date, the lowest workings would give access to unmined portions
of the deposit. Much of the mica occurs in shoots that are not
well defined, and probably lies between the levels of the main
tunnel and the large open cut. In general the mica concentra-
tions may be expected to plunge west at moderate angles.

NAVAJO (SUMMIT, HIGHLAND) DEPOSIT

The Navajo (Summit or Highland) deposit (28, Plate 1) is
in the NW14, NW14, sec. 12, T.26N., R.8E. It lies at an altitude
of 8,000 feet at the east edge of a prominent knob immediately
north of Apache Canyon and north-northwest of the Apache
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mine. It is connected with the mine by a steep trail, but is more
easily reached on foot from the near-by end of a road that ex-
tends south and southwest from the Conquistador mine. The de-
posit was opened about 1890 and was worked intermittently and
on a small scale. It has been idle during recent years. Total pro-
duction probably has not exceeded 50 tons of serap and a few hun-
dred pounds of punch mica.

The pegmatite is tadpole-shaped in plan. Its “head”, which
lies to the west and forms a prominent topographic knob, is about
100 feet long and 56 feet in maximum outcrop breadth, and its
“tail” is 125 feet long and 2 to 18 feet thick. The entire body
trends N. 85° W. and dips steeply toward the south. The work-
ings include several small cuts and pits and a west-sloping 30-foot
incline that lies about 40 feet east of the “head” of the pegmatite
body. A long, narrow cut at the south side of the bulge evidently
represents an attempt to begin underground mining at a lower
level. ‘

The pegmatite is in a quartzitic mica schist whose foliation
in general strikes N. 40° W. and dips 50° - 60° SW. Aligned mica
flakes and amphibole needles and the axes of closely spaced cre-
nulations form linear elements that pitch south-southeast at mod-
erate angles. A second set of linear structures consists of the
axes of other crenulations and somewhat larger drag folds that
pitch moderately west. Both the pegmatite body and some of its
constituent units plunge moderately toward the west in general
accord with this second set of linear structures.

A thin quartz vein extends north from a point in the “tail”
of the pegmatite body near the incline. This branch connects
with a complex group of quartz veins and irregular pegmatite
dikes that range in thickness from a knife edge to 15 feet. Sev-
eral of the veins can be traced along their strike into pegmatite
bodies in which they continue as cores. Another typical relation
can be seen at a point about 125 feet north-northeast of the in-
cline, where a quartz vein that joins a 10-foot pegmatite dike cuts
across the feldspathic wall zone of the dike and merges with its
core.

The bulge of the Navajo dike contaings a central body of mas-
sive quartz 80 feet long and about 30 feet in maximum breadth.
The outer parts of the quartz contain large irregular crystals of
microcline ; the inner portion contains no microcline. The border
and wall zones consist of medium- to coarse-grained microcline-
quartz pegmatite that is locally rich in albite, especially near the
incline. Much of the feldspar in the outer zones is deep pinkish
to brick red, particularly where it is adjacent to masses of mona-
zite and columbite. Small cavities are common in the wall zone.
They contain reddish brown clay and abundant fragments of pale
green fluorite. Some are lined with prismatic crystals of clear
quartz. Other accessory minerals are garnet, bismutite, magne-
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tite, and green sericite. The sericite occurs in turnip-shaped
aggregates 1 to 8 inches in maximum dimension, and appears to
have been formed by replacement of potash feldspar.

The mica is moderately hard and light green to yellowish
green. Most occurs as “flat-A” books or as large masses of
tangled books. Warping, breaks, and ruling seriously restrict
the amount of sheet and punch material obtainable. Much of the
mica occurs in ribbons 3 inches in maximum width. Although
the shoots, especially those exposed east of the main bulge, are
rich, the total amount of recoverable sheet material does not ap-
pear to be large. At only one place, about 200 feet northeast of
the main bulge in the Navajo dike, has any of the other pegma-
tites been explored for mica. Little usable material appears to
have been recovered.

COYOTE (CALIFORNIA) DEPOSIT

The Coyote or California deposit (29, Plate 1) lies 400 feet
east-northeast of the Navajo deposit and on the opposite side of
a narrow ravine. It also trends N. 85° W. and is tadpole-shaped
in plan, but its “tail” extends west rather than east. The body is
250 feet long and 27 feet in maximum thickness. At its east end
it is divided into two blunt prongs by a thin septum of mica-rich
schist. The line of intersection of these prongs and the axes of
minor bulges in the contact between pegmatite and country rock
pitch moderately west in approximate conformity with many of
the linear structures in the country rock. ,

In the eastern part of the body a thin continuous quartz core
is surrounded by a wall zone of coarse-grained microcline-quartz
pegmatite. A border zone that ranges from a knife edge to 15
inches in thickness is mineralogically similar but much finer in
texture. The accessory minerals are garnet, green fluorite, col-
umbite, monazite, bismutite, magnetite, and green sericite.

The mica is similar to that in the Navajo deposit, and is most
abundant near the east end of the body. The richest concentra-
tions flank the east end of the quartz core. Most of the shoots
have been worked by open-cut methods. The largest cut is 20 by
20 feet in plan and 3 to 10 feet deep, and from it short inclines
follow down-plunge continuations of the mica concentrations on
each side of the quartz core. Four small pits lie farther west.
The deposit does not appear to contain enough mica to support a
large-scale operation, but the core-margin shoots appear rich
enough for a one- or two-man operation, especially if appreciable
quantities of by-product sheet and punch material can be
recovered. :

SANDOVAL (OLD BLACK HORSE, KENTUCKY) DEPOSIT

The Sandoval (Old Black Horse or Kentucky) deposit (30,
Plate 1) is on a prominent knob at the north rim of Apache Can-
yon. It lies at an altitugie of 7,950 feet in the north half of the



162 DESCRIPTION OF DEPOSITS

NW1j sec. 12, T.26N., R.8E., and is about 350 feet above the can-
yon bottom. A poor automobile trail that extends south-south-
west from Brown Cabin and the Conquistador mine furnishes ac-
cess to the property from Sawmill road, and the workings also can
be reached from Apache Canyon over a short very steep trail.
The deposit is owned by Elmer Burch of Taos and C. L. Johnson
of La Madera.

Pegmatite occurs as three separate bodies: the South Sando-
val, the North Sandoval, and the Sandoval Extension. A promi-
nent knob of massive quartz at the south body, known locally as
“The Blowout”, attracted the attention of prospectors prior to
1880, but it was not until about 1900 that mining operations were
attempted. Intermittent work since that time, chiefly during
the periods 1922-1931 and 1986-1939, led to the development of
irregular cuts along the eastern margin of the quartz (Plate 13).
These were 25 to 40 feet deep, but are now only partially acces-
sible. The north body was opened by means of a relatively shal-
low cut 55 feet long and 10 to 15 feet wide, and the Sandoval Ex-
tension by means of a similar cut. A gently inclined stope, now
caved and flooded, was sunk along the hanging wall of the peg-
matite from the floor of the latter cut. At least twelve small pits
and cuts have exposed other parts of the three bodies.

Although existing production figures are not complete, more
than 2,500 pounds of thumb-trimmed plate and punch mica and
80 tons of scrap probably were taken from the deposit since 1900.
Much of the plate material was very large. During 1943 Burch
reopened the northeast and east cuts in the south body and deep-
ened them several feet. He obtained more than 100 pounds of
trimmed sheet mica, 15 to 20 tons of scrap, and nearly 100 pounds
of bismutite.

The pegmatite bodies lie in micaceous quartzite whose folia-
tion strikes northwest and dips 40° to 60° SW. Rows of mica
flakes and the axes of crenulations in mica-rich layers pitch south
at moderate angles. A second set of linear structures, which
plunges toward the west, is represented by small tightly com-
- pressed drag folds and by pipe-like masses of vein quartz in the
crests and troughs of corrugations in mica-poor layers. A 385- to
75-foot belt of thinly foliated, mica-impregnated quartzite trends
north-northwest and northwest across the area. It is conform-
able in general with the structure of the adjacent rocks, but
transects it in detail. The North Sandoval body lies athwart this
belt, and the south body is in contact with its southwest edge. As
shown in Plate 13, this zone of mica-rich country rock appears
to be more closely related to numerous large quartz veins than
to masses of pegmatite.

The south pegmatite body is an asymmetric inverted trough
that plunges moderately to steeply west to west-northwest. In
plan it is an irregular compressed “U” open to the south-south-
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east. Its broadest portion is marked by a prominent funnel-
shaped core of massive quartz that plunges northwest (Plate 13).
This core is 85 feet long and 85 feet in maximum outcrop breadth.
It is flanked by a wall zone of coarse microcline-quartz pegmatite
and a finer-grained border zone of similar composition. The
southwest limb of the body is 170 feet long and about 5 feet in
average thickness. It tapers gradually to a knife edge south of
the area shown in Plate 13. A lenticular body of coarse blocky
microcline is present in its thickest part, and this may represent
an intermediate zone. Similar material may also occur in the
broad northwest part of the body, which is very poorly exposed.
In the northeast limb there is a distinct bulge, much of which is
covered by dump material. A quartz core is present in this bulge,
but is not connected with the main quartz mass to the north-
northwest.

Albite is very abundant along the flanks of the main quartz
core, especially on its east and north sides, where little other
feldspar is present in the wall zone. Associated minerals are col-
umbite, monazite, beryl, and samarskite. Garnet is present as
irregular masses 14 inch to 14 inches in diameter, and. fluorite
occurs as irregular fractured crystalline masses. Much of it hag
been altered, some has been removed leaving small vugs, and
some has been corroded by albite along fractures. Samarskite
and bismutite are most common in the quartz. The bismutite ig
abundant in prismatic masses 14 inch to 3 inches wide and as
much as 20 inches long. Bismuthinite is said to have been found
in the cores of several of the larger masses. ,

The north pegmatite body is extremely irregular (Plate 13).
It is elongated in an east-west direction, but protuberances ex-
tend southward almost to the south body. The irregularity of
this body is reflected in the shape of its discontinuous quartz
core. As in the south pegmatite, the massive quartz is sur-
rounded by a wall zone of coarse-grained microcline-rich pegma-
tite and a.thin finer-grained border zone. Albitization is most
prominent at the extreme east end of the body and in the large
cut near its west end. Accessory minerals are garnet, green
fluorite, monazite, and columbite. . i

The Sandoval Extension is about 200 feet north and north-
west of the main workings in the South Sandoval pegmatite, and
thus is north of the area shown in Plate 13. Much of it is a dike-
like mass that trends N. 70° E. It is at least 300 feet long and
25 to 45 feet in outcrop breadth. The plan of its western part is
that of a very irregular “U” open to the north-northwest. Thin
projections extend north-northwest and south-southeast from
this part of the body, and a thicker, shorter mass projects west-
ward from the broad west limb of the “U”. As exposed in the
upper parts of the old stope, this limb dips gently east-northeast,
and thus the “U” shape of the western part of the body may be
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the surface expression of a gently plunging trough-shaped
mass.

The core of the Sandoval Extension pegmatite consists of
massive quartz, and is most fully exposed southwest of the main
workings. By far the most widespread unit, however, is an in-
termediate zone of coarse blocky microcline with minor quartz
and local pods of coarse microcline-rich pegmatite. It is 85 feet
in maximum breadth as exposed in the dike-like portion of the
body. The wall and border zones, which consist of microcline-
quartz pegmatite, are 5 feet and 3/, inch respectively in average
thickness. Much of the wall zone has been moderately albitized,
and plagioclase is especially abundant in the old stope and near
pods of massive quartz in the eastern part of the body.

Mica is most abundant in the most thoroughly albitized parts
of the Sandoval pegmatites. Unusually rich concentrations were
encountered in the main workings of the south body, and the
working faces, as measured in November 1948 and October 1944,
contain 12 to 28 percent mica with an average of more than 15
percent. The mica is pale to medium green. It is fairly hard
and splifs easily. Most books are 6 inches or more in diameter,
and the very large “flat-A” books in contact with massive quartz
yield much sheet material 4 by 4 inches to 10 by 12 inches. The
bulk of the mica in other parts of the shoots is intergrown in
tangled masses. The chief defects in all the books are “A” struc-
ture and ruling. Ribbons 14 inch to 2 inches wide are common,
and much 6-inch ribbon material has been reported. Minor de-
fects are haircracks, clay stains, albite and silica intergrowths,
and included flattened crystals of garnet. Mineral spots are rare.

The most promising parts of the deposit for future opera-
tions are continuations of the shoots mined in the main workings
in the south body and in the Sandoval Extension. Although the
Sandoval Extension workings are not accessible, it seems likely
that the mica shoots plunge north-northwest. Their richness is
not known, either through observation or reliable reports. The
pegmatite in the south body has been assumed by several opera-
tors to connect at depth with the mica-rich Apache pegmatite
that is exposed in the canyon below. Not only is there little to
support such an hypothesis, but it appears likely that the keels
of the concentrations most recently worked do not lie far beneath
the floors of the present stopes. The probable relations are
shown in the sections of Plate 18. On the other hand, the down-
plunge portions of these mica shoots, which probably lie north-
west of the workings, may warrant future development.
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APACHE (PORTER, BLUE) DEPOSIT
GENERAL RELATIONS

The Apache (Porter or Blue) deposit (31, Plate 1) is on the
steep north wall of Apache Canyon near the center of the NW1
sec. 12, T.26N., R.8E. The mine workings, which lie at altitudes
of 7,660 to 7,810 feet, are 2.3 airline miles west of Petaca. They
can be reached from that village by automobile over approxi-
mately 314 miles of very poor road. Ownership of the property
is in dispute at present. It is claimed by Elmer Burch of Taos
and by C. L. Johnson of La Madera. :

' The deposit has been worked intermittently for nearly a
century, but the greatest production was probably obtained dur-
ing 1920-1927, when the mica was shipped to a Chicago concern
for processing. C. L. Johnson, under whose direction most of
this work was done, reports that the mica shoots were extremely
rich and that operations were profitable. Large books, some with
cleavage faces as much as 38 by 4 feet, were abundant, and it is
stated that more than half the plate mica obtained would yield 3
by 3 inch sheets. During the decade 1930-1940, a punching and
scrap-grinding plant was operated on the property by Johnson,
but work was suspended in 1939 and the mine has been virtually
idle since that time. Total production, which amounts to about
85,000 pounds of sheet, a similar quantity of punch, and at least
4,000 tons of scrap mica, is the largest from any single deposit in
the district. .

GEOLOGIC SETTING

Thick-bedded micaceous quartzite is the most widely ex-
posed type of rock in the Apache Canyon area. In the vicinity of
the mine its bedding and foliation trend northwest and dip mod-
erately to steeply southwest. Local variations are common. As
in the Sandoval area to the north-northeast, two sets of linear
elements are present. One plunges south-southwest at variable
but generally moderate angles, the other west at moderate angles.
Small stringers and pods of quartz are abundant, especially in the
crests and troughs of minor folds. The quartzite in the exposed
noses of several tightly compressed folds contains rude crystals
of feldspar 14 to 145 inch in diameter. These are elongated in con-
formity with the southwest plunge of the folds.

A broad belt of thinly foliated and crenulated mica-rich
schist can be traced northwest from a point near the west end of
the main pegmatite body (Plate 14), and is coextensive with a
group of quartz veins and quartz-rich pegmatite dikes. Most of
the quartz veins in the Apache area are essentially conformable
with the country-rock foliation, but a few trend west to west-
northwest and dip steeply north. Many are small irregular lenses,
but others are 4 inches to 20 feet thick and can be traced for dis-
tances of 300 feet or more. At least five of these are known to
grade along the strike into the quartz cores of pegmatite dikes.
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Some of the dikes appear to have been injected along faults in the
country rock, which shows pronounced drag effects along the con-
tacts. Whether the drag effects were produced prior to pegma-
tite injection or were caused by it in part is not clear.

The main pegmatite body is 8 to 27 feet in outcrop breadth.
It dips 30° - 45° northwest to north-northwest, and can be traced
diagonally along the north wall of the canyon from a point near
the canyon bottom to a steep ridge about 150 feet higher and 450
feet to the east (Plate 14). Beyond the ridge it tapers to a sharp
keel that plunges moderately west-northwest. Near the bottom
of a gully about midway between the exposed ends of the pegma-
tite a quartz-rich dike branches northward for 25 feet, and
thence extends east for 180 feet. The bodies are nearly parallel
and both are offset along a fault whose trace, on the steep south-
west slope of the ridge, strikes north-northwest.

Although the main pegmatite appears to be a dike that
plunges west to northwest, it swings south and east to form a
well-defined, moderately plunging “nose” at its west end. The
body may have been an inverted trough, only one limb of which
is well preserved. The south limb, which probably trended west-
northwest and dipped moderately south-southwest, must have
occupied the general position of Apache Canyon, with its keel
above the present canyon floor. Its remnants are exposed at the
portal of the lowest adit and as a dip slope along the west edge
of the dump 30 feet to the east. The pegmatite in these remnants
is thin; hence the south limb may have been much thinner and
shorter than the north limb.

WORKINGS :

The eastern part of the deposit was opened by means of sev-
eral irregular cuts and a stope along the hanging wall. The stope
is about 45 feet long and is said to have been extended down dip
to the keel of the pegmatite, or for a vertical distance of 40 to 70
feet. Approximately 150 feet west of this stope a second open-
ing was made in a rich mica concentration along the hanging wall
of the pegmatite. This appears to have been the only outcrop of
the main mica shoot. After it was mined down the dip by under-
hand methods for distances of 20 to 40 feet, Adit No. 1 wag
driven from a lower outcrop of the pegmatite to improve haulage
(see Figure 15). This adit is a drift several feet below the hang-
ing-wall zone of the deposit. Stoping was continued to adit level
and slightly below. An attempt was made to obtain mica from
the footwall zone of the pegmatite by means of a shaft sunk near
the outcrop of the hanging-wall mica shoot, but work was aban-
doned after a small room had been excavated.

The main adit (Adit No. 2) was driven across the nose of
the pegmatite body, and thence along the footwall of its north
limb, from a point about 50 feet below Adit No. 1 and 25 feet
above the nearby canyon floor (Plate 14 and Figure 15). The



Mapped 2
RHA «’g}zns i/nd
Z. Win. Hetnrick
GO/ 43 and [O/FL

Outlines
oF un~-

derground

WOrkings

Accessi?le stope

Stoped ground, inaccessidle

/0 20 30 40 50

Seale in reet
77QtT

Lo .
red 2y dump rnaterial;
Velié/’w&g;/ a,r'eP Wer:ed

QNote: Some of
showrn abore TS o
s positzorn and

-+

EXPLANATION

Blocky microcline

XX,
3
X% X

X
X
Massive guartz
/= 7=
Albite-rwch pegmatite

TaFg N
===

Meice concentration, (showr, as

overprint,
e Pegmatite contact;
NGB where
approxi;

e Contact bet -
i s T

\ Direction of!

” 42
Zatiging watt
at cwtcrop

C sk Fdge of prt or cwt
e ; ¢ -
%r%s %z ;en’z of

— ; Zevel of
- Workings §% &7

Footwall stope

L ope
Farge gt soore.

rng-wall stope,
e, e
g ~-wall SCo,
oty o
we

rg-wall stope.at
| e H‘Z%’?g ot rek

J Ry
Aty A

ettt

Qo

Ficure 15.

Geologic map of a part of the Apache deposit and plan of the principal mine workings.



168 DESCRIPTION OF DEPOSITS

hanging-wall mica shoot was encountered 130 feet from the por-
tal, where a broad roll in the pegmatite brought it athwart the
trend of the adit. A hanging-wall drift then was run back to-
ward the canyon wall for 70 feet and the mica-bearing material
was stoped overhand to the level of Adit No. 1. Extensive opera-
tions were later carried to lower levels by means of an inclined
winze and stopes, but in 1925 a large part of these workings col-
lapsed. The winze was reclaimed and the ground between it and
the south edge of the mica shoot was then mined to depths 60 to
100 feet below the main adit level. The keel of the pegmatite is
said to have been encountered at the base of these workings, which
are now flooded. The main adit was continued beyond the roll in
the pegmatite body, and C. L. Johnson states that extensive stop-
ing was done in another mica shoot, chiefly below adit level.
These workings are now blocked by caved ground.

Adit No. 3 was driven 315 feet northward from a point 330
feet east-southeast of the main adit portal in an attempt to inter-
sect unmined parts of the deposit beyond the workings that caved
in 1925. It was extended at least 20 feet by Elmer Burch in
1943, and the Federal Bureau of Mines extended it about 195 feet
farther and to the north-northwest early in 1944, but no large
mass of pegmatite was encountered. It seems likely that this
exploratory adit lies well beneath the keel of the pegmatite body,
as suggested in Plate 14 (section B-B’). In 1943 Burch also de-
watered the workings below the level of Adit No. 2, but extremely
dangerous ground forced him to abandon plans for mining.

PEGMATITE

A thin, nearly continuous quartz core is present in the east
half of the pegmatite body. It increases in width toward the
west and is 5 to 7 feet thick in the vicinity of the vertical shaft.
West of this the central part of the body is rich in coarse micro-
cline. An inner intermediate zone consists of blocky microcline
with large pod-like bodies of massive quartz, and an outer inter-
mediate zone, which lies farther west, is virtually quartz-free.
The wall zone, which now appears as an albite-rich pseudomorph,
formed a nearly complete envelope around the inner zones and
wag itself surrounded by a finer-grained border 14 inch to 5
inches thick. Both outer zones appear to have consisted of typi-
cal microcline-quartz pegmatite. The wall-zone pseudomorph is
breached by the quartz-rich branch dike, which connects with the
quartz core of the main body. Although shown on the map
‘(Plate 14) as a quartz dike, the outer portions of this branch con-
tain irregular masses of microcline and albite, as well as local
concentrations of garnet and mica.

Albite has replaced most of the outer zones, and has also
encroached upon the core and intermediate zones. Coarse
cleavelandite has replaced quartz and some masses of microcline.
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Sugary albite is common elsewhere. Large rosettes of cleave-
landite are exposed in the central parts of the pegmatite in many
of the underground workings, particularly along the walls of Adit
No. 1. Associated with the albite are irregular masses of purple
fluorite and long thin blades of columbite and monazite. Garnet,
pale green fluorite, and magnetite are present in the outer zones
and show evidence of partial albitization. Samarskite and bis-
.mutite are common in quartz, especially in late-stage veinlets,
but are also present in albite-rich pegmatite. Pod-like masses of
pink muscovite and fine-grained green sericite are abundant on
the dump beneath the stope in the eastern part of the dike. Ap-
parently these occurred in the hanging-wall mica zone. Beryl
was not observed in the main pegmatite, but occurs as well-
formed crystals in the quartz core of a thin pegmatite dike 70
feet east of the portal of Adit No. 2.

MICA

Most of the mica in the Apache deposit occurs in albite-rich
rock between the hanging wall of the pegmatite body and unal-
bitized portions of the inner zones. The main shoot is 2 to 9 feet
thick and from 20 to more than 120 feet wide. It appears to
widen down dip. It rakes west and west-northwest down the
north-northwest- to northwest-dipping north limb of the pegma-
tite body (Figure 15). In the workings above the main adit level
its northern edge lies along a steep roll, which appears to have
been caused by a steeply dipping fault that locally guided the in-
trusion of the pegmatite. There is no evidence of extensive post-
pegmatite movement along this fault. The south edge of the mica
shoot trends parallel with the crest of the pegmatite body and is
5 to 25 feet down dip from the outcrop on the canyon wall. For
this reason, the extensive hanging-wall stope was extended to
the surface in only two places between the original outcrop of
the shoot and the portal of the main adit (see Figure 15).

The hanging-wall mica concentrations in the eastern part of
the deposit were probably thinner and leaner than the main shoot.
The mica books there are reported to be smaller and less free from
structural defects. Scattered pockets of mica are also present
along the foot wall of the pegmatite over a strike length of more
than 350 feet. This mica is relatively soft and is so severely
buckled and broken that it has not been mined.

Apache mica is light green and most is fairly hard. Most
flat pieces have been obtained from the interior portions of large
“A” books. The chief structural defects are reeves, ruling, and
warping. Haircracks, clay stain, garnet inclusions and inter-
growths of gilica and albite are locally present. Mine-run mica
from the main shoot is said to have yielded an unusually high pro-
portion of sheet material, much of which was large. Several 12-
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by 16-inch trimmed sheets that have been preserved as specimens
by ‘C. L. Johnson are clear and of excellent quality.

FUTURE POSSIBILITIES

The shape of the pegmatite and distribution of mica within
it have been determined by mining and underground exploration.
The keel of the north limb is not only exposed at the surface, but
is known with reasonable assurance to lie above the level of Adit
No. 3 and appears to have been encountered at the foot of the
winze below the main adit. The main mica shoot probably has
been mined out to its south edge over its full vertical extent, so
that the only remaining unmined ground must lie beyond the
stopes that collapsed in 1925. The extension of the main adit,
which may be the best means of access to the unmined part of the
deposit, was deliberately caved at the close of the last mining op-
erations. Although definite conclusions cannot be drawn, it
seems doubtful whether large reserves of mica-bearing pegmatite
are present, and the difficulties that would be involved in reaching
unmined ground make prospects for future production poor. It
would be wise to defer complete reopening of the mine until ade-
quate study could be made of the workings that lie beyond the
caved part of Adit No. 2.

" PINOS ALTOS DEPOSIT
By William P. Irwin

The Pinos Altos deposit (32, Plate 1) lies at altitudes of
7,770 to 7,860 feet in the NE14, SW1j, sec. 6, T.26N., R.9E. It is
on a steep east slope 350 feet west of Sawmill road and 1.2 air-
line miles west-northwest of Petaca. Minihg operations were
begun by Gabino Alire of Petaca about 1932, and continued with
few interruptions for at least six years. Production during this
time is said to have amounted to more than 250 tons of scrap and
several hundred pounds of punch mica. The deposit was last
worked under lease by A. E. Lyons of Santa Fe in 1933, when a
few tons of scrap was obtained. In the fall of 1944 Alire sold the
property to R. L. Riley of Miami, Florida, who plans to attempt
recovery of punch and scrap mica from the dumps by flotation in
the Albuquerque plant of the Rocky Mountain Fluorspar Com-
pany.

Pegmatite occurs as a sinuous dike more than 350 feet long
(Plate 15). Its general trend is N. 45° E., but its main mica-
bearing segment strikes N. 70° E. and dips steeply north-north-
west. For most of its mapped length the dike is 5 to 26 feet
or more in outcrop breadth, with an average of about 20 feet.
It cuts across the country-rock structure in most places, but near
its west end it swings south to form a short sill-like mass that
trends N. 15° W. and dips 40°-60° W.

The foliation of the country rock, a platy micaceous quartz-
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ite, trends N. 5°-25° W. and dips moderately west in the vicin-
ity of the deposit. Many small folds and corrugations in this
rock plunge 30°-45° west to west-southwest. As exposed at
the surface and in mine workings, minor irregularities in the
pegmatite walls and the long axes of lithologic units within the
pegmatite body also plunge west to west-southwest at moderate
angles. The walls of the thicker parts of the dike are sharp, with
little distortion of the foliation in the adjacent country rock. Near
the thinner parts, however, much feldspar and fine-grained mica
has been introduced into the quartzite. ,

The mine workings consist of two small pits, three shallow
cuts that open into small stopes, and three larger openings. The
Lower cut, which is 385 feet long and 6 to 12 feet wide, is the east-
ernmost of the larger openings. From it a short branching tunnel
extends west about 12 feet. The North and South inclines were
sunk along hanging-wall and footwall mica shoots, respectively,
in the main part of the pegmatite body. Both are high slot-like
stopes, whose floors slope westward at angles of 30° to 35° in
accord with the plunge of the shoots. The North incline extends
83 feet to its western heading, and the South incline, which is
partially flooded, is at least 50 feet long (Plate 15).

A massive quartz core, 4 to 10 feet in width at the outcrop,
is present in parts of the dike northeast of the Lower cut and im-
mediately east of the portal of the North incline. West of each
core segment is massive quartz that contains large crystals of
white to deep flesh-colored microcline. This intermediate-zone
material is particularly abundant in the large bulge near the west
end of the deposit. Coarse blocky microcline that contains pods
of massive quartz is exposed in the workings west of the two in-
clines. Intervening areas are covered by dump material, so that
it is not clear whether this rock constitutes an outer intermediate
zone or is merely present as unusually large masses of feldspar
in the intermediate zone adjacent to the core. The wall zone,
which is continuous, ranges in thickness from 114 to 514 feet,
with an average thickness of 314 feet. It consists of coarse
microcline-quartz pegmatite that has been partially albitized.
Similar but finer-grained material forms a 14-inch to 1-inch bor-
der zone. Albite is disseminated throughout the wall and border
zones as fine-grained crystalline aggregates. It also occurs in
coarser and richer concentrations in those parts of the deposit
that have been mined. Cleavelandite is common at the border of
masses, of quartz, but is rare elsewhere. Garnet, fluorite, and col-
umbite are the chief accessory minerals. Monazite and bismutite
are rare, and beryl has been reported to occur in the deposit.

Mica is scattered through the outer zones of the dike, but
the largest books are in the two main shoots that were worked in
the inclines. Within these shoots the largest books occur along
the quartz and blocky, microcline masses, rather than near or at
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the country-rock contact. The average size of the books is about
3 by 4 inches and the maximum observed was 6 by 8 inches. The
mica is light to dark green and is so marred by reeves, ruling,
waviness, and mineral specks that only small quantities of clear
sheet and punch material are obtainable. Most of the flat mica
occurs as narrow ribbons.

Although the mica from the Pinos Altos deposit is chiefly
of scrap grade, the mined concentrations appear to have been
sufficiently rich to yield satisfactory returns. It seems likely that
the principal reserves in the deposit lie in the down-plunge con-
tinuations of the main hanging-wall and footwall shoots. The
heading of the South incline is not accessible for examination,
but the faces in the North incline contain numerous books.

PRINCE DEPOSIT

The Prince deposit (33, Plate 1), which is near the west
edge of the NW1j,, NE1/ sec. 7, T.26N., R.9E., lies 0.4 mile south-
east of the Pinos Altos workings. It is on the northeast slope of
a small gulch below and about 200 feet east of Sawmill road. The
pegmatite is an irregular sinuous dike 405 feet long and 30 feet
in maximum width. It trends N. 60° W. and dips steeply south-
southwest. The foliation of the country rock, typical platy
quartzite, trends N. 85° W. and dips 30°-50° SW.

The deposit is irregularly zoned. A small quartz core is ex-
posed at the east end of the dike, and this may be the remnant of
a much larger mass that was almost wholly replaced by coarse
cleavelandite albite. Several lenses of blocky microcline 8 to 82
feet long and 2 to 10 feet wide are present in the west half of the
dike, and probably represent a discontinuous intermediate zone.
The dominant rock type, which forms the wall zone, is a coarse-
grained intergrowth of microcline and quartz, with minor garnet
and green fluorite. A thin discontinuous border zone of finer-
grained microcline-quartz-mica pegmatite is also present.

Three cuts have been driven into albite-rich portions of the
pegmatite. The largest, near the thick east end of the deposit,
is 38 feet long, 8 to 11 feet wide, and 9 feet in maximum depth.
In its walls are scattered books of pale green mica. This mica, as
well as that exposed elsewhere in the deposit, is not only too small
to yield sheet material, but is badly ruled, warped, and broken.
Moreover, none of the concentrations appears to be sufficiently
rich to furnish large quantities of scrap.

QUEEN DEPOSIT
By William P. Irwin
The Queen deposit (34, Plate 1) is in the NW14 NE1/ sec.
7, T.26N., R.9E. It lies at altitudes of 7,460 to 7,570 feet on the

rough eastern slope of the main upland mass about a mile west of
Petaca, and is immediately east of Sawmill road. The mine was
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opened many years ago, but the history of early operations is not
known. The main workings date from about 1912 and were op-
erated most intensively by Philip S. Hoyt during the decade 1920
to 1930. The most recent activity consisted of prospecting west
of the main workings during the spring and summer of 1943.
This was done under the direction of A. C. Bohrnstedt of La Ma-
dera, who holds the deposit under claim. It is reported that
nearly 800 pounds of sheet and punch mica was obtained from
the workings during the past two decades, and that about 1,200
pounds of plate (selected mine- run) and 100 tons of scrap mica
have been produced since 1910.

The pegmatites occur in micaceous quartzite and quartz-
mica schist whose foliation strikes north-northwest with an aver-
age southwest dip of 45°. The country rock is cut by numerous
pegmatite dikes and stringers, as well as by thin discontinuous
quartz veins (Plate 16). Most of the smaller dikes and veins are
conformable with the foliation, though a few are discordant.
Some of the larger dikes cut across the follatlon at high angles,
and most are discordant in detail.

A Dbelt of mica-impregnated quartzite trends north-north-
west across the area (Plate 16). Fine-grained pale green mus-
covite locally constitutes more than half of this rock, which is 10
to 75 feet in width and has been traced along the strike for at
least 1,500 feet. The strike of the mica-rich belt and of the folia-
tion within it is parallel with the strike of the adjacent quartz-
ite. At least two large masses of pegmatite and many small
lenses of quartz occur within its borders.

The Queen pegmatites range from stringers a few feet long
and an inch thick to dikes more than 450 feet long and 40 feet
thick. They consist chiefly of coarsely intergrown quartz and
white to flesh-colored microcline, with minor quantities of albite
and mica. Most have been prospected by means of small cuts
aqd pits, but only one of these contains substantial quantities of
mica.

The main pegmatite is “U”-shaped in plan and is 465 feet
long and nearly 45 feet in maximum thickness. The north arm
of the “U” strikes about N. 25° W., with an average west-south-
west dip of 30°; the other arm strikes N. 85° E., with moderate
to steep north dips. The pegmatite is thickest a short distance to
the west of the base of the “U” and thins out into stringers at the
extremities of both arms. The dip of its thickest part, which is
55° at the surface, flattens with depth (see Plate 2, top). Thus
the body is trough-like in form (section A-A’, Plate 16), with an
axis that pitches west at moderate angles.

The deposit has been worked in a hanging-wall open cut
45 feet long, 8 feet wide, and 20 feet deep. From the bottom of
this cut, a muck-filled stope extends downward along the hanging
wall of the pegmatite to a reported depth of more than 50 feet
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(section B-B’, Plate 16). A small drift follows the hanging wall
to the west for 30 feet, and a crosscut extends southward through
the pegmatite to connect with a footwall cut that is 20 feet long,
5 feet wide, and 5 feet deep. Other workings include six shallow
cuts and pits at intervals along the pegmatite, and two cuts that
were excavated in 1943. These recent workings are 20 to 30 feet
long, 2 to 12 feet wide, and 8 feet in maximum depth.

The thickest part of the deposit consists of three well-defined
layers: (1) an albite-rich unit (wall-zone pseudomorph) about 5
feet thick; (2) a coarse central zone of blocky microcline with
local masses of quartz; and (8) an albite-rich footwall unit about
2 feet thick. The upper end of a septum or inclusion of schist is
exposed at the middle of the small crosscut, where it is approxi-
mately 5 feet thick and is conformable with the walls of the peg-
matite. Massive quartz occurs at the north end of the north arm
of the deposit. It may be a vein-like body that is younger than
the adjacent feldspathic pegmatite. Microcline occurs as irregu-
lar masses and poorly formed crystals, both of which are partially
replaced by sugary aggregates of albite. Coarse cleavelandite re-
places quartz. Where albitization is relatively mild the wall zone
consists of coarsely intergrown microcline and quartz. Acces-
sory minerals are pale green fluorite, blue-green to yellowish
green beryl, spessartite garnet, magnetite, coarse platy ilmenite,
monazite, columbite, and rare bismutite. Ilmenite, magnetite,
beryl, and bismutite generally are associated with quartz, the
other minerals with albite.

The mica, which is most abundant in the wall-zone pseu-
domorphs, is clear and pale green; it is fairly hard and splits
easily. Its cleavage surfaces are wavy. Ruling, haircracks, and
breaks are common structural imperfections, and “A” structure
and tanglesheet blocks also occur. The largest books are approxi-
mately 3 by 5 inches. No sheet mica is exposed in the faces of the
main workings, and no reliable descriptions of the faces in the
filled stope are available. The mica concentrations in the more
recent cuts to the west appear to be fairly rich, but the quality of
the books is poor. The outlook for future production from the
Queen deposit, especially of sheet material, is not encouraging.

COATS (AMERICAN) DEPOSIT
By ‘E. Wm. Heinrich

The Coats or American deposit (85, Plate 1), which is less
than a mile west-southwest of Petaca, is in the SE1j, NE1, sec.
7, T.26N., R.9E. It lies on the east slope of a prominent rocky
ridge at altitudes from 7,450 to 7,500 feet, and can be reached
over a dirt road that extends west and west-southwest from Pe-
taca. The Petaca-Vallecitos or Sawmill road crosses the pegma-
tite body immediately west of the old surface workings of the
mine, and passes directly over the main underground workings.
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The mine is probably the oldest in that part of the district
north of the Cribbenville area. By 1900 several cuts that had
been sunk along the pegmatite outcrop were being enlarged by
the American Mining and Milling Company; from these some
sheet and much scrap mica was recovered. These cuts were later
joined to form a narrow irregular opening 60 feet long and 25
feet in maximum depth, and a second, shallower opening about
30 feet long (Plate 17). Lower levels of the deposit were later
worked through an adit driven west-northwest from a point 70
feet east of the outecrop. The main pegmatite body was encount-
ered 120 feet from the portal. Subsequent mining operations de-
veloped a room 25 feet high, an inclined overhand stope that was
connected with the surface workings, and an extensive irregular
underhand stope. Much of this work was done during the pe-
riod 1925-1927, when both plate and scrap mica were sold to a
Chicago concern for processing.

During recent years the deposit has been owned by Ross
Martinez of Petaca, who leased it in 1943 to the New Mexico Mica
Company of Santa Fe. The mine was -operated from July to
October, 1943, under the direction of J. H. Russell, John Kelly,
and C. L. Schockey. A 85-foot crosscut was driven north from a
point near the end of the adit, a 25-foot winze was sunk from the
end of the adit, and small-scale mining was done in several of the
old stopes. According to Mr. Schockey, superintendent for the
company, 500 pounds of sheet and punch mica (including about
180 pounds of prepared strategic material) and about 6 tons of
scrap were produced. Exact production figures for earlier opera-
tions are not available, but the amount of sheet and scrap ma-
terial obtained must have been large.

The country rock in the vicinity of the mine is a slabby to
thick-bedded micaceous quartzite whose foliation strikes north-
west and dips southwest at moderate angles. Both quartzite and
pegmatites are locally veneered with patches of Quaternary
gravels, and are overlain by remnants of andesitic volecanic rocks
near the base of the slope east of the mine. Pegmatite is present
as several large irregular bodies and numerous small dikes and
stringers in the quartzite, which is also cut by many quartz veins.
Mos%‘;)f the smaller pegmatites and many of the veins trend N.
50° W.

The main body of pegmatite, which is the only one that has
been worked, is “U’”’-shaped in plan and trough-shaped in form.
The northeastern limb of the trough strikes north-northwest and
dips 45° west-southwest, and the longer, broadly sinuous southern
limb strikes nearly west and dips steeply north in its eastern por-
tion and moderately to steeply south farther west. The keel of
the trough plunges west-northwest, probably at moderate angles.
Local reversals in the dip of the contacts, as well as a large sep-
tum of quartzite that projects downward toward the keel of the
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body along its axial plane (Plate 17, section A-A’), complicate
its general shape. The maximum thickness of the body is about
30 feet at the surface and may be much greater at the level of the
adit. Pegmatite is exposed underground for a distance of 160
feet along the strike of the south limb, and is present in the head-
ing of the winze. Some of the smaller pegmatite bodies are even
more persistent; one of these was mapped for a distance of 550
feet along the strike, and continues beyond the mine area.

The main pegmatite body is sharply zoned. A thick core of
massive quartz is present along the keel and tapers out in both
limbs. The central part of the south limb consists of coarse
blocky microcline, but this unit is not well developed in the other
limb, in which coarse microcline-quartz pegmatite is dominant.
The wall-zone material is partially albitized medium- to coarse-
grained microcline-quartz pegmatite that forms a complete en-
velope around the inner zones. Locally it contains abundant mus-
covite with minor garnet. The border zone, which is 14, inch to
3 inches thick, consists of fine- to medium-grained microcline-
quartz pegmatite with minor albite-oligoclase, albite, and small
flakes of mica.

Pale blue-green beryl, green fluorite, columbite, monazite,
ilmenite, and magnetite are present in the border zone, generally
associated with albite. Bismutite occurs along fractures in the
massive quartz. Of these accessory minerals, only monazite is
common. It occurs in unusually large reddish to clove brown
crystals, some of which are 5 inches or more in diameter and
weigh as much as 9 pounds.

Mica is particularly abundant in the albite-rich portion of
the hanging-wall zone along the keel of the pegmatite body. Sub-
ordinate shoots are present around the septum of country rock
that is exposed in the main overhand stope (Plate 17), and locally
along the footwall of the south limb wherever the dip of the con-
tact is reversed to the south. The mica is pbale to dark green and
is relatively free from spots and other staining. Warping, ruling,
and “A” structure are present, but the chief defects are cracks
and thin films of albite and quartz that are intergrown parallel
with the cleavage. Most of the mica is nearly flat, and some is
soft. Remnants of books as much as 16 inches in diameter were
observed in the walls of the old workings, but most of those ob-
tained during the last operations were small and of relatively
poor quality.

The outlook for future production of mica is not encourag-
ing. The richest shoot appears to have been mined out at the
level of the present workings, and the old winzes and stopes from
which it was last mined are inaccessible or in poor condition.
Recent work at the western end of the main adit shows that
little high-quality mica may be expected where the hanging-wall
contact.of the pegmatite is very steep or vertical.
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BLUEBIRD DEPOSIT

The Bluebird deposit (36, Plate 1) is about 600 feet north of
Apache Canyon in the SW14, NE14 sec. 7, T.26N., R.9E. It lies
along the crest of a low ridge less than 300 feet south of Sawmill
road and about 800 feet south-southwest of the Coats mine. The
property was claimed in 1924 by Gabino Alire of Petaca, and was
operated intensively under lease in 1925. About 25 tons of scrap
and minor quantities of sheet and punch mica were obtained.
The deposit, which has lain idle for many years, is now claimed
by Adonais Gutierrez and Frederico Esquibel of Petaca.

The thin pegmatite body is broadly arcuate in plan. Some
segments strike north-northwest and are sill-like. Others strike
north-northeast (Figure 16), but the general trend of the body is
north, with moderate westerly dips. The country rock is slabby
to platy micaceous quartzite whose foliation strikes north-north-
west and dips west-southwest at moderate angles. Minor folds
and corrugations plunge moderately southwest. Pegmatite-coun-
try rock contacts are gradational, and contact effects in the
quartzite are pronounced. Many of the beds are rich in sugary
feldspar and fine-grained flakes of mica. Books of muscovite 14
inch in average diameter and 14 to 34 inch thick are scattered
through some of the thicker quartzite beds, particularly beneath
the pegmatite footwall (Figure 16). .

The pegmatite body is more than 280 feet long and about 4
feet in average thickness. It tapers south-southeastward to a
sinuous stringer. One thin curving branch extends southward
from this part of the body. The middle third of the body is dis-
tinctly thicker and has been opened by means of three cuts 15 to
30 feet long, 6 to 20 feet wide, and 12 feet in maximum depth.
The largest of these exposes the full width of a prominent bulge
in the pegmatite, where its strike swings from north-northwest
to north-northeast (Figure 16). This bulge is about 25 feet in
maximum breadth and plunges 30° southwest. The pegmatite in
it has been mined down the plunge by means of an incline 15 feet
wide, 5 to 15 feet high, and at least 40 feet long. Its lower end is
backfilled and flooded.

The core of the pegmatite body, which occurs in and imme-
diately south of the main bulge, consists of massive quartz with
scattered individual microcline crystals as much as 10 feet in di-
ameter. It is flanked by almost completely albitized pegmatite
that is rich in mica, particularly along the upper surface of the
core. In the long cut to the south, the central part of the body is
a coarse-grained aggregate of microcline and quartz. Elsewhere
it consists of medium-grained pegmatite that is rich in flesh-col-
ored microcline, quartz, and partially digested slabs of country
rock. Albite is a minor constituent.

Pale green fluorite is abundant in the outer portions of the
deposit. In some places it has been altered and removed, leaving
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small irregular vugs. Wine-red garnet and small masses of blue-
green beryl are commonly associated with the fluorite. The dis-
tribution of these minerals does not appear to be related to al-
bitization. Other accessories are columbite, samarskite, monaz-
ite, bismutite, purple fluorite, and sulfides. Columbite and mon-
azite are especially common in the walls of the incline, and bis-
mutite, samarskite, bornite, chalcocite, malachite, and covellite
are associated with numerous late-stage veinlets of quartz in the
main surface workings.

The mica is medium green, hard, and free-splitting. Little
mineral stain is present. The chief defects are ruling, breaks,
waviness, garnet inclusions, and intergrowths of albite and silica.
Even in the main shoot, which was mined in the incline, the books
are rather small, with few cleavage faces larger than 2 by 3
inches. The chief reserves in the deposit probably lie beyond the
heading of the incline and in a down-plunge direction. Even
though the main shoot is rich, the total amount of recoverable
mica is not very large.

OTHER DEPOSITS

A small pegmatite dike 900 feet east of the La Jarita mine
has been opened by means of shallow prospect pits. It is rich in
flesh-colored microcline and contains minor quartz, albite, and
mica. Some fluorite, garnet, and columbite are present. The
mica books are small and scattered. Several dikes have been
prospected in the area between Russian Ranch and the El Con-
tento deposit. Most contain coarse green to flesh-colored micro-
cline, quartz, and moderate quantities of albite. The mica con-
centrations are poor but some beryl has been obtained. Small
quartz-rich dikes are abundant in the rough country between the
Keystone-Western deposit and Sawmill road to the east. Mica is
present locally in rich concentrations, but most of the books are
badly warped, ruled, and broken. Moreover, the mica-bearing
portions of these deposits are too small to yield scrap in large
quantities,

CRIBBENVILLE GROUP

GABALON DEPOSIT

The Gabalon deposit (37, Plate 1) is on a steep east slope
immediately south of Gabalon Canyon. It lies at an altitude of
about 7,800 feet at the north edge of the NW14 NW1j sec. 18,
T.26N., R.9E., and is 300 feet northeast of a camp site at the end
of a poor automobile trail. A few prospect pits have been dug
in a large pegmatite dike, but little is known concerning their his-
tory. The latest work was done during the fall and winter of
1944 by Joe Thompson and associates of Los Angeles, California.
A cut 85 feet long, 10 to 18 feet wide, and 20 feet high at the face,
was excavated in highly sheared pegmatite, and from it a drift
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was run westward along the north wall of the dike. This work
was intended to provide 35 to 60 feet of backs for stoping.

The pegmatite dike, which is very irregular and 30 to 65 feet
thick, trends N. 80° - 88° E. with a nearly vertical dip. It is en-
closed by thick-bedded micaceous quartzite whose foliation
strikes N. 10° W. and dips steeply west. Linear structures that
pitch 40°-70° west comprise the axes of drag folds and crenu-
lations in the country rock, irregular corrugations in pegmatite-
quartzite contacts, and the axes of elongation of quartz masses
within the pegmatite. The dike contains many tabular inclu-
sions, some of which have been so pegmatitized that only wisps
of schistose material remain. These inclusions are parallel with
the adjacent wall-rock contacts, and the attitude of their relict
foliation, which is normal to their elongation, suggests that they
have not been rotated appreciably from their original orientation.
The long axes of several that are well exposed in the workings
pitch moderately to steeply west.

The inner units of the dike include extremely coarse-grained
microcline-rich pegmatite and scattered pods of massive quartz
as much as 15 feet in maximum dimension. These units are
flanked by finer-grained microcline-quartz pegmatite that con-
tains minor but widespread albite. The borders of the dike are
marked by an irregular zone of medium-grained microcline—al-
bite-oligoclase—quartz pegmatite that contains much digested
country-rock material. Garnet occurs in this unit as irregular
cinnamon-colored masses, and in albite-rich portions of the inner
zones as well-formed dark red crystals. Green fluorite and beryl
also occur near the walls of the dike, and columbite, samarskite,
monazite, and bismutite are associated with albite in its interior,
Fractures in these minerals are commonly coated with aggre-
gates of small, bright yellowish-green mica flakes.

Mica is present as widely scattered small books and in larger
books concentrated along the north wall of the dike and along the
pods of massive quartz. Although the concentrations are not ex-
tensive, some are very rich. The mica is green to brownish green,
and is heavily stained. Few books have yielded material that is
free from spots or brown and black lattice-like intergrowths of
magnetite and hematite. Moreover, most are severely ruled,
buckled, and broken by movement along closely spaced shear
planes that lie in approximate conformity with the walls of the
dike. There is little reason to anticipate a decrease in the pro-
portion of stained material with further operations, and the de-
posit can be considered only as a source of dark-colored scrap
mica.

FRIDLUND DEPOSIT

The Fridlund deposit (88, Plate 1) is in the NwW1, NWij
sec. 18, T.26N., R.8E., approximately 800 feet south-southwest of
the Gabalon deposit. It lies on an east slope at an altitude of
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7,950 feet, and can be reached over half a mile of poor automo-
bile trail that extends northwest from the Cribbenville road. The
deposit is said to have been opened many years ago, but was not
worked intensively until O. M. Fridlund began systematic mining
about 1920. From that time until his death in 1925, Fridlund
obtained about 250 tons of scrap mica, 1,000 pounds or more
of plate (selected mine-run) mica, several hundred pounds of
bismutite, and probably as much as 5,000 pounds of columbite,
samarskite, and monazite. The mine has lain idle for twenty
years, but recently was purchased by the Southwestern Mica
Company of Los Angeles, California. H. F. Mason is president
and Joe Thompson is property manager. -

The mine workings consist of two open pits, two adits, and
several small cuts. The main pit is 63 feet long, 15 to 30 feet
wide, and about 30 feet in maximum depth. The smaller pit,
which is immediately southeast, is 28 feet long, 23 feet wide, and
about 30 feet deep. It is partially caved. Operations in the main
pit involved hoisting to the surface until an adit was driven west
from a point about 30 feet east of the east rim and 15 feet below
it. A lower and much longer adit was later driven from a point
80 feet southeast of the pit, and was used for most of the haulage
from both workings (see Figure 17). It is now caved.

In plan the pegmatite has the outline of a boomerang, and
in form it is an irregular open trough. Exposures in the main
pit show that the axis of the trough pitches steeply southwest.
The pitch may decrease in that direction. The long, broad, sinu-
ous west limb trends east-west and dips steeply to the south. The
narrow, curving south limb strikes N. 15° E. and dips very
steeply west (Figure 17). Relations at the main bend are ob-
scured by dump material, but the keel of the body may be nar-
row and spine-like. The plunge of minor folds in the micaceous
quartzite country-rock is moderately southwest to west-southwest
in general, but near the main pit it is distinctly steeper. This is
in approximate conformity with the variation in plunge of the
pegmatite body from northeast to southwest.

A well-defined core of massive quartz, with subordinate mic-
rocline in scattered large crystals, is present in the west limb of
the pegmatite. As exposed in the workings, it is 40 feet long
and 4 to 7 feet thick. It grades westward into coarse blocky
microcline with minor quartz. Flanking these inner units is
medium- to coarse-grained microcline-quartz pegmatite, much of
which has been replaced by fine-grained albite. The border zone,
which consists of partially albitized microcline—quartz—albite-
oligoclase pegmatite and much partially digested schist material,
is thickest along the south side of the west limb. In the main pit,
this rock is characterized by irregular pods, lenses, stringers, and
crystals’ of microcline, abundant fine-grained mica, and altered
country rock with distinct foliation. Several irregular pegmatite
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Ficure 17. Geologic map of the Fridlund deposit (see Figure 18 for legend).
(Reference point P is in small triangle at east end of main pit.)
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stringers southeast of the smaller pit also consist of this material.
F}:)W of the contacts between pegmatite and country rock are
sharp. : :

Most of the microcline in the inner zones is pearl gray to
buff, but in the outer zones it is flesh colored to brick red, par-
ticularly where it is associated with albite and accessory minerals.
Monazite, samarskite, and columbite are abundant, especially on
the hanging-wall side of the quartz core and near its east end.
Masses of columbite and samarskite as large as 14 inches in di-
. ameter were obtained during 1924 and 1925. Elongated crystals
of bismutite, some of which contain residual cores of fibrous bis-
muthinite, are present along the south side of the quartz core.
Garnet, green and purple fluorite, beryl, pink muscovite, copper
sulfides, and fine-grained sericite in small pale green pods are the
other accessory constituents.

Concentrations of mica occur along the hanging walls of
both pegmatite limbs, along the hanging wall of the quartz core,
and to a lesser extent along the footwalls of the south limb and
the east third of the west limb. The richest shoot appears to be
at the main bend in the body, i.e., at the east end of the core.
Most of the mica is in books 6 by 6 inches or smaller, although the
massive quartz contains impressions of some whose diameter
must have been at least 15 inches. The largest books consist of
“flat-A” material, whereas the smaller mica is little reeved but
tends to occur in tangled intergrowths. Its color is light to dark
green. Most is clear, but some is objectionably soft. The chief
defects in material from the flat portions of “A” books are rul-
ing, cross-grains, and waviness. '

The Fridlund deposit might be a satisfactory source of scrap
mica, with minor sheet and punch material, bismutite, monazite,
and tantalum minerals whose aggregate value would bear sig-
nificantly upon the economics of operations. Any further work
should be directed at developing the down-plunge extensions of
the hanging-wall mica concentrations exposed near the main bend
of the pegmatite body.

PINO VERDE (LUNA) DEPOSIT

The Pino Verde or Luna deposit (89, Plate 1) lies at an alti-
tude of 8,000 feet near the crest of a prominent ridge at the
south edge of the SW14 NW1/ sec. 18, T.26N., R.9E. It is about
0.3 mile due south of the Fridlund mine, and can be reached from
the road to that mine over 0.2 mile of steep wagon road. Al-
though the deposit had been prospected previously, it was first
mined in 1922 by O. M. Fridlund. It is said to have been worked
intermittently during the period 1922-1925, as well as during
more recent years, but the quantities of mica produced were
small. Total production probably did not amount to more than

-
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a few tons of scrap mica and a few hundred pounds of monazite
and bismutite.’

The pegmatite is a long dike that trends nearly due east and
dips very steeply north. Its east end is a thick, hook-like bend,
from which several smaller dikes project. At least two of these
are also fishhook-shaped in plan (Figure 18). The main dike is
about 20 feet wide in most places, but expands to an outcrop
breadth of more than 40 feet at its bend. The smaller dikes are
2 to 9 feet thick. The deposit has been opened by means of at
least four cuts, the largest of which is at the east end of the main
dike and is 50 feet long, 7 to 12 feet wide, and about 12 feet in
maximum depth.

The attitudes of the well-exposed pegmatite-country rock
contacts indicate a general moderate to steep westerly plunge, not
only for the main body but for its eastern appendages as well.
This is in general accord with the moderate westerly pitch of
linear elements in the country rock, a micaceous quartzite whose
foliation strikes N. 85° W. and dips 40°-60° SW.

The core of the main dike is a crescentic body of massive
quartz that contains microcline crystals as much at 11 feet in
maximum dimension. It is about 75 feet long, as measured along
a line midway between its borders, and 20 feet in maximum ex-
posed width. It grades westward into extremely coarse-grained
microcline-rich pegmatite that contains irregular bodies of quartz
and scattered masses of graphic granite. The wall zone consists
of coarse microcline-quartz pegmatite that has been thoroughly
albitized near its contacts with the core. The small dikes that ex-
tend east from the main cut also consist of microcline-quartz peg-
matite that ranges widely in texture. Garnet, green fluorite,
columbite, samarskite, monazite, uraninite, bismutite, and fine-
grained green sericite occur in albite-rich pegmatite at the east
end of the main dike, and monazite and tantalum minerals also
are present in albitized portions of the large microcline crystals
contained in the core. Garnet and fluorite occur in parts of the
wall zone where albite is relatively sparse.

Mica occurs with albite at and near the margins of the
quartz core, particularly near the footwall of the dike at its main
bend. The largest books lie against the quartz and are charac-
teristically marked by “A” structure. The mica is dark olive
green and unusually hard. Most books are small. Ruling, breaks,
and waviness are the chief defects, and vegetable stain, light
" spotting, and flattened inclusions of garnet are also present. The
mica not only would yield an extremely low proportion of sheet
material, but it occurs in rather lean concentrations.
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FREETLAND DEPOSIT

Near the crest of a subdued ridge 600 feet east of the Pino
Verde workings is the Freetland deposit (40, Plate 1). It lies
at an altitude of about 7,930 feet near the southeast corner of the
SE1l; NW1j sec. 18, T.26N., R.9E. It can be reached on foot
from the Fridlund road to the northeast or from the Pino Verde
road to the north. Little is known concerning the history of the
small-scale mining operations at this deposit, and none of the
workings show evidence of .recent activity.

A narrow well-defined pegmatite belt that trends nearly
due west consists of individual dikes 150 to 300 feet long. Most
are distributed en echelon. The largest dike has been opened by
means of shallow cuts and pits for a distance of 200 feet along
its strike. The most productive operations appear to have been
in its thickest part, in which a well-defined quartz core is present.
A pit 25 feet long (east-west), 12 feet wide, and 7 feet in maxi-
mum depth exposes a medium- to coarse-grained aggregate of
microcline, quartz albite, and mica along the north or footwall
side of the core. Also present are garnet, green fluorite, beryl,
columbite, and monazite. The monazite is relatively common in
albitized portions of large microcline crystals.

Mica occurs as aggregates of small crystals at the borders
of the dike and as coarser books in the wall zone. It is light
green, fairly hard, and generally free from stain, but most of it
is badly warped or broken.

A few tens of feet to the west is another cut 30 feet long,
from which an irregular tunnel-like stope has been driven for
35 feet. The dike contains a quartz core at the east end of the
cut, but this gives way to an intermediate zone of extremely
coarse-grained white microcline at the west end. The potash
feldspar is seamed with quartz, albite, and fine-grained green
mica. Fluorite, garnet, monazite, and columbite are present in
albite-rich portions of the wall zone. Mica in books 114 inches
in average diameter is scattered through the wall zone, particu-
larly on the north side of the core. The concentrations are not
especially rich, and the material is so badly broken that it is
usable as scrap only.

TEDDY NO. 2 DEPOSIT

The Teddy No. 2 pegmatite (41, Plate 1), near the top of a
rounded knob 900 feet east-southeast of the Freetland deposit,
lies immediately south of the road to the Fridlund mine and a
few hundred feet west of the Cribbenville road. It is at the north
edge of the NE14 SW1/, sec. 18, T.26N., R.9E. At least six shal-
low cuts and pits have been excavated in a pegmatite dike that is
15 feet in average thickness and is exposed for a distance of at
least 850 feet along the strike. The largest dimension of these
workings is about 20 feet. The dike trends N. 45° W, and dips
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very steeply. As traced southeast from the workings and across
an old road, it curves to the south and to the south-southwest,
with progressively more gentle westerly dips. This part of the
body is very thin. Wherever its contacts are exposed, the dike
appears to transect the foliation of the country-rock schist and
quartzite, which trends due north and dips 35° W.

The pegmatite is a medium- to coarse-grained aggregate of
microcline and quartz. It contains scattered lenses and pods of
massive quartz, which are most abundant where the dike is thick-
est. Albite occurs as sugary to platy aggregates, and is most
abundant adjacent to the quartz masses. Garnet and fluorite are
relatively common near the borders of the dike, and beryl and
. columbite were noted in albite-rich material on the dumps.

Mica is scattered through the pegmatite in books 2 by 3
inches and smaller. Molds of books as large as 12 by 18 inches,
however, are present in some of the massive quartz pods. The
mica is light green. “A” structure, ruling, warps, breaks, and
tanglesheet intergrowths are the chief imperfections. -The de-
posit shows little promise as a source of sheet or scrap mica in
large quantities. ~

BLUEBIRD NO. 2 DEPOSIT

The Bluebird No. 2 deposit (42, Plate 1) is on the crest and
east slope of a broad ridge 600 feet south of the Teddy No. 2
workings. It is less than 300 feet west of the Cribbenville road,
but is most easily reached over a wagon road and trail from a
cabin near the Cribbenville mine to the southwest. The main
workings are an open cut 30 feet long, 5 to 10 feet wide, and 12
feet in maximum depth, and an appended stope or room 10 by 15
feet in plan and 10 feet high. About 50 feet to the west is a very
shallow cut 45 feet long and 3 to 15 feet wide. The history of
these workings is not known.

The pegmatite is a nearly vertical dike that strikes east-west
and is 15 to 20 feet thick. Its walls are extremely irregular and
the foliation of the adjacent country rock, a quartz-mica schist,
is markedly disturbed. The strike of the foliation ranges from
N. 70° W. to N. 5° H., and the dip from 80° south-southwest to
40° west. Inclusions and septa of partially pegmatitized schist
plunge 30° west in conformity with the pitch of linear elements
in the country rock. At least three large corrugations along the
north wall of the dike also plunge moderately west.

The core of the pegmatite body consists of coarsely inter-
grown quartz and microcline, and is flanked by coarse microcline-
quartz-albite pegmatite that is rich in graphic granite. Contacts
between these zones are gradational. The albite, which is fine-
grained, is scattered evenly through the wall zone. Garnet, green
fluorite, columbite, samarskite, and monazite are the accessory
constituents.
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The mica is green to brownish green and occurs as relatively
small “A” books. It is most abundant along the contact between
the core and wall zone. The chief structural defects are ruling,
cracks, and hairlines. Some books are specked and many con-
tain layers of silica. Little sheet material could be obtained from
this deposit, and none of the mica shoots appears to be rich.

TEDDY DEPOSIT

The Teddy deposit (43, Plate 1) is at the west edge of the
NE14 SW1j sec. 18, T. 26N., R.9E. It lies near the bottom of a
small gulch less than 200 feet north of the cabin near the Crib-
benville mine, and can be seen from the Cribbenville road. It was
first prospected prior to 1900 and has received attention inter-
mittently since then. The largest workings were excavated in
1943 by Joe Thompson of Los Angeles, California. A few tons
of scrap mica was produced.

Two nearly parallel pegmatite dikes about 40 feet apart are
present at the bottom of the gulch. They are 15 to 20 feet thick,
trend N. 25° W., and appear to be dipping toward each other at
high angles. They have been opened by means of six small pits
and cuts, as well as by two adits low on the hill slope. The south
adit is 20 feet, and the north adit about 45 feet long. Both are
caved. Five hundred feet north-northwest of these portals the
two dikes curve and join, but 50 feet beyond this point they re-
appear as separate bodies. That part of the deposit in which the
two dikes are merged may plunge northwest at moderate angles,
as suggested by the attitude of corrugations in the walls and by
the plunge of minor folds in the adjacent micaceous quartzite
country rock. Moreover, the dikes themselves appear to have
been emplaced in the crest and flanks of a sharp anticlinal fold
that plunges north-northwest to northwest. Both are offset a
few feet along a fault near the adit portals. Flanking this fault
is a zone of severe shearing and crushing.

The pegmatites are sharply zoned.  The cores consist of mas-
sive quartz, which is especially abundant in the south dike. Mas-
sive quartz that contains large crystals of microcline occupies a
central position at the junction of the two dikes, and probably
constitutes an intermediate zone. The wall zone, a coarse inter-
growth of microcline and quartz, has been partially albitized.
Accessory minerals are garnet, fluorite, beryl, columbite, and
bismutite.

Light to medium green muscovite is very abundant in the
albite-rich portions of the deposit. The average size of the books
is about 4 by 4 inches, although much larger books are present
along the quartz masses. Much of the mica is strongly marked
by “A” structure and ruling, and heavy mineral stains are com-
mon, Other defects_are warping, hairlines, and softness. Al-



BLANCA DEPOSIT 189

though little sheet material is present, the deposit appears to
contain reserves of scrap mica in small but rich shoots.

BLANCA DEPOSIT

At the west edge of the Cribbenville area, in the NE14 SE14,
sec. 13, T.26N., R.8E., is the Blanca deposit (44, Plate 1). It lies
on the east slope of a prominent ridge at altitudes of 8,000 to
8,090 feet, and can be reached from the end of the Cribbenville
road over a 0.4-mile automobile trail. The workings, which rep-
‘resent little more than prospecting efforts, are in the east half of
a large pegmatite dike (Plate 18). They include eight small pits,
a short crosscut, and four open cuts 30 to 35 feet long, 8 to 15 feet -
wide, and 2 to 12 feet deep. The crosscut and three of the larger
surface openings were excavated in 1943 and 1944, when a few
pounds of sheet mica and several tons of scrap were obtained by
G. C. Stout of Grand Junction, Colorado.

The dike is 20 to 70 feet in outcrop breadth and nearly 900
feet long. It trends roughly east-west and dips moderately to
steeply north. The country rock is platy micaceous quartzite
with interlayered light gray porphyritic rhyolite and associated
metavolcanic rocks. The folidation of these rocks strikes north-
west and dips moderately to steeply southwest. The crests and
troughs of drag folds and the axes of elongation of deformed
phenocrysts in the rhyolite plunge moderately west-southwest.

The pegmatite contains a discontinuous core of massive
quartz, individual lenses of which are 10 to 60 feet long and 4
to 18 feet thick. The surrounding zones consist chiefly of white
to flesh-colored microcline. - Quartz is the interstitial material in
the coarse-grained wall zone, and is present with pegmatitized
country rock in the thin, finer-grained border zone. The inter-
mediate zone is rich in coarse, rudely formed graphic granite.
Locally, where it contains quartz other than that in the graphic
granite, this rock resembles the wall-zone material, and the boun-
daries mapped between the units are necessarily somewhat ar-
bitrary. Microcline-rich pegmatite is also common in a smaller
: gjllie that lies 50 feet northwest of the west end of the Blanca

ike.

Parts of the quartz core have been replaced by cleavelandite,
the distribution of which was controlled by fractures. Albite is
scattered through the other zones also, and is markedly concen-
trated in those parts of the wall zone and intermediate zone that
are rich in quartz or lie adjacent to segments of the core. The ac-
cessory minerals are garnet, fluorite, columbite, and ilmenite, of
which only the garnet is common.

Most of the mica is pale green. Its chief imperfections are
ruling, “A” structure, and haircracks. Mineral staining is not
common. The books average about 3 by 3 inches, and most occur
in albite-rich pegmatite adjacent to small pods and larger masses
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of quartz. Concentrations have been encountered near the west
end of the dike and in two prominent hulges 350 and 450 feet
from its west end. None appears to be sufficiently rich to support
mining operations.

CAPITAN DEPOSIT

The Capitan mine (45, Plate 1) is at the east edge of the
NE14 SE14 sec. 13, T.26N., R.8E. The workings are about 400
feet east-southeast of the main Blanca workings and are in the
same large pegmatite dike. They lie immediately south of an
automobile trail that extends northwest from a point near the
end of the Cribbenville road. The deposit was first mined in the
seventeenth century, when sheet mica was obtained from shafts
and an open cut. More extensive operations yielded stove mica
during the period 1870 to 1900, after which emphasis was shifted
to the production of serap. The Hoyt Mineral Company of Las
Tablas shipped about 250 tons of scrap to Richmond, Virginia,
for wet grinding in 1928 and 1929, but no production data are
available for other periods of operation. More than 1,500 tons
of scrap and 1,200 pounds of sheet and punch mica are said to
have been taken from the main workings during the past century,
but the deposit has lain nearly idle for at least ten years.

The Main open cut, which lies on the north or hanging-wall
side of the dike, is 50 feet long, 5 to 20 feet wide, and 5 to 30 feet
deep. Near its west end it connects with a narrower, deeper cut
to the south. Both openings furnish access to a partially caved
westward-sloping room that is 20 to 40 feet wide, 8 to 25 feet
high, and at least 50 feet long. From this room large quantities
of scrap mica were taken during the most recent operations.
About 30 feet southwest of the Main cut is the South cut, a large
oval opening 25 feet in maximum depth, and to the east are sev-
eral small pits. West and west-northwest of the Main cut are
five shallow cuts 40 feet or less in maximum dimension. Inclines
that slope west-northwest from three of these openings are caved
and flooded, but do not appear to have been extensive.

In the vicinity of the workings the pegmatite dike is 40 to 70
feet thick and very irregular in detail (Plate 18). It is marked
by at least three prominent bulges, one of which has been mined
in the Main cut and appended stope. To the east the dike fingers
out into three quartz-rich projections. All these irregularities,
as well as the dike itself, appear to plunge 35°-50° west to
west-northwest, and are in general accord with the pitch of the
linear structures in the micaceous quartzite country rock. A
fault, which is exposed along the west side of the South cut,
trends north-northeast and dips very steeply east-southeast. It
offsets the pegmatite dike horizontally about 45 feet (Plate 18).
Both pegmatite and country rock have been shattered near the
fault and have been converted to a grayish brown gouge along the
fault plane.
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The border zone of the dike, which ranges in thickness from
a knife edge to a foot or more, is a fine- to medium-grained aggre-
gate of microcline, albite-oligoclase, quartz, albite, and mica.
Where it is thickest it contains partially digested inclusions of
country rock. The adjacent quartzite has been thoroughly pene-
trated by pegmatitic solutions, and mixed rocks rich in oligoclase
and microcline feldspars and fine-grained pale green mica have
been formed. The wall zone of the dike is 8 to 25 feet thick. It
is coarser but otherwise similar to the border zone. Mieca-rich
“wisps show that country-rock material is present in it. :
The inner units of the pegmatite comprise a discontinuous
core of massive quartz and intermediate zones of blocky micro-
cline and extremely coarse-grained microcline-rich pegmatite.
Both feldspathic zones contain much graphic granite. Many of
the zone boundaries and some of the more broad zone relations
have been obscured by widespread albitization, especially near
the borders of quartz masses. The proportion of albite in the
pegmatite decreases westward from the Main cut. Accessory
minerals include garnet, pale green fluorite, columbite, samar-
skite, monazite, bismutite, purple fluorite, and sulfides. . Mona-
zite, unusually abundant, occurs with albite, both as well-formed
tabular crystals and as elongate “feathers” that are imbricate
aggregates of tabular crystals. A few of the ‘“feathers’ contain
small blebs of columbite, and most are coated with thin scales of
- pale yellowish green muscovite.

Mica is especially abundant as large books in albite along
the margins of quartz masses. Elsewhere the books are much
smaller, with average cleavage faces about 114 by 2 inches. The
mineral is light to medium green, relatively hard, and free-
splitting. Most is clear. The chief defects are “A” structure, rul-
ing, and hairlining. Large “A” blocks, which are most common
alongside quartz masses in the main workings, yield flat sheets
4 by 6 inches or larger. However, the proportion of such material
in all miea recovered in mining is very low. Much of the pegma-
tite mined for scrap consisted of quartz and mica with minor feld-
spar. The mica occurred as books about an inch in average di-
ameter, and constituted 35 to 80 percent of this rock.

Operations in the Main cut and attached stope are said to
have been very profitable. The mica shoot plunged westward
and lay between masgive quartz and the hanging wall of a broad
roll along the north contact of the dike. Although caving of the
stope prevents examination of the old working face, it is reliably
reported that this shoot was mined down its plunge to the ap-
proximate position of the cross fault mentioned above, and that
it was “worked out”. It seems likely, however, that the shoot is
faulted off, and that its continuation lies 45 to 60 feet north of the
old working face and perhaps at a slightly deeper level. This
seems worthy of careful testing, possibly by means of a shaft
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sunk from a point about 70 feet northwest of the Main cut. An-
other mica shoot, which was mined in the South cut, is also trun-
cated by the fault. Its possible extension lies in the faulted seg-
ment of the dike to the north and west, but its outcrop there is
obscured by dump material and slope wash. Further exploration
and mining in the Capitan deposit should be aimed at the down-
plunge continuations of these two mica shoots. Although the
eastern segment of the dike probably is worked out, the western
segment, which lies beyond the fault, may well contain appreci-
able reserves of mica-bearing material.

BONANZA DEPOSIT

The Bonanza deposit (46, Plate 1) is about 600 feet south-
southeast of the main Capitan workings. It consists of a dike,
cigar-shaped in plan, that is 195 feet long and 40 feet in maxi-
mum outerop breadth. It trends east-west and dips steeply north.
A little mining has been done in three long shallow cuts, but evi-
dently the amount of mica produced was small. The deposit has
received little attention for many years.

The country rock is platy micaceous quartzite and quartz-
mica schist whose foliation trends N. 80° W. and dips moderately
west-southwest. Two sets of linear structures, both represented
by crenulations and aligned flakes of mica, plunge moderately
west and gently south-southeast. The pegmatite dike appears to
plunge moderately west. Its core consists of milky to light gray
massive quartz and well-formed crystals of white to flesh-colored
microcline. The bulk of the body is very coarse-grained micro-
cline-quartz pegmatite, which appears as a wall zone enclosing
the core. A thin border zone consists of similar but distinctly
finer-grained material. Accessory minerals are garnet, green
fluorite, and columbite.

Albite is scattered throughout the pegmatite, but is espe-
cially abundant along the north side of the core. Some parts of
the core itself have been converted to an albite-rich rock, chiefly
by replacement along fractures. Much mica occurs in the plagio-
clase, but the books are small. A few ‘“flat-A” books 10 to 15
inches in diameter are present immediately adjacent to massive
quartz, but the average size of cleavage faces is only 1 by 2 inches.
The mica is pale to medium green, and is badly bent, reeved,
ruled, and cracked. “A” structure is common, and some mineral
staining is present. The deposit appears to hold relatively little
promise as a source of either sheet or scrap material.

Immediately west and southwest of the Bonanza deposit is
the Bonanza Extension body, a westward-plunging trough-like
pegmatite whose limbs trend N. 60° W. and east-west, with steep
south-southwest and north dips, respectively. The north limb is
somewhat longer and thicker, and the length of the entire body,
as measured along a line midway between its walls, is 130 feet.
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Most of the pegmatite is a coarse intergrowth of quartz and
microcline, with minor albite and mica, but a relatively thin layer
of albite-mica pegmatite is present in the west half of the north
limb. None of the mica concentrations is rich, and the books are
small, badly ruled, and bent.

NORTH CRIBBENVILLE (OLD CRIBBENVILLE, CRIBBENS)
DEPORIT

The North Cribbenville (Old Cribbenville or Cribbens) de-
posit (47, Plate 1) is in the NW1j SW1/ sec. 18, T.26N., R.9E.
The main workings, on a ridge about 500 feet northwest of the
end of the Cribbenville road, cannot be reached by automobile,
although they once were served by a wagon road. The mine is
said to be the oldest in the district and was known as early as
1800 as a producer of large sheet mica. Much stove mica was
taken from it during the period 1870-1910, and subsequently it
was worked intermittently for serap and clear sheet stock. There
has been little mining activity since 1936. Total production prob-
ably amounts to at least 40,000 pounds of stove mica, 20,000
pounds of clear sheet mica prepared for other uses, and 1,500
tons of scrap. :

The main pegmatite body, which is a gently curving dike
about 220 feet long and 43 feet in maximum outecrop breadth,
was first opened near its east end by means of a pit. Work pro-
gressed downward from the floor of the pit along the north or
hanging-wall side of the dike to form a steeply dipping slot stope.
Other cuts were excavated in mica-bearing material along the
footwall side, and in 1884 the San Carlos tunnel was driven 60
feet northward to intersect the pegmatite from a point near the
bottom of the adjacent gulch (see Plate 18). Stoping was car-
ried eastward along the footwall to connect with a room-like in-
cline that was sunk from the surface. The mica shoot was later
mined for about 60 feet west-northwest along the strike, as well
as down the dip for slope distances of 30 to 55 feet. These work-
ings were operated for at least 45 years. During the period 1932-
1936, C. L. Johngon of La Madera extended the stope 30 feet west-
northwest and also deepened an old cut on the hanging-wall side
of the dike. From this cut a large room is said to extend 50 feet
or more to the west, but it is caved and no longer accessible. In
1982 and 1933 S. Rabaul of Petaca sank a pit 40 feet long, 10 to
15 feet wide, and 6 to 15 feet deep at the extreme west end of the
dike (Plate 18). He obtained some good mica but was forced
to abandon operations owing to the partial caving of the work-
ings shortly after he attempted to advance the face underground.

The dike, which strikes N. 65° W. and in most places dips
north-northeast at steep angles, is enclosed by platy micaceous
quartzite whose foliation strikes N. 85° W. and dips moderately
southwest. This rock is locally garnetiferous. Two sets of
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linear elements are present. One plunges gently south-southeast
and the other, represented by the axes of minor drag folds,
plunges gently west-northwest. That the pegmatite body 1tself
plunges gently to moderately west-northwest to northwest is
shown by the plunge of its keel, which was encountered in the
bottom of the old east stope, as Well as by the plunge of its crest,
which is exposed in the Rabaul pit (Plate 2, bottom), and by the
plunge of mica shoots, other lithologic umts and at least one dis-
tinct bulge along the ha,ngmg-wall contact.

In most places the pegmatite walls are sharp, though locally
they are complicated by septa of country rock that project into
the dike at acute angles. Many small masses of partially digested
quartzite are present in the thin pegmatite border zone, which is
a fine- to medium-grained aggregate of microcline, albite-oligo-
clase, quartz, albite, and mica. The wall zone consists of coarse-
gralned mlcrochne-quartz pegmatite, and is best developed in the
western third of the dike. The core, which is relatively large
contains massive quartz and scattered large crystals of micro-
cline. One of these erystals, as exposed in the two main inclines,
is more than 20 feet in diameter. Albite is abundant in all the
zones, and in the east half of the dike the wall zone and the mar-
ginal portion of the core have been almost completely replaced by
albite. Other, less severely affected parts of the core contain
much albite along fractures.

The most common accessory minerals are salmon-colored
spessartite and pale green fluorite, which form irregular, highly
fractured masses 6 inches or more in diameter. One 12- by 19-
inch mass of fluorite is exposed in the main stope near the San
Carlos tunnel. In many places this mineral has been altered and
partially removed, leaving vugs that contain a reddish brown
clay. Monazite and purple fluorite are common minor constituents
of albite-rich pegmatite, and large “nlggerheads” of columbite
are said to have been encountered in mining. Bismutite and sul-
fides occur with albite in quartz. Beryl is reported.

Mica is abundant in the albitized wall zone and in the albite-
rich pegmatite adJacent to massive quartz, particularly in the
east half of the dike. Itis hght to medium green, hard, clear, and

_free-splitting. The average size of books in the main mica shoots
is about 4 by 5 inches, although many larger books occur against
massive quartz. The quartz hanging wall in parts of the main
stope contains impressions of mica crystals as much as 2 feet in
diameter. The chief imperfections are ruhng, reeves, and hair-
lines, but the quahty of most of the material is unusually good.
Mineral staining is rare.

When J. A. Holmes?? and D. B. Sterrett2? visited the mine in

22 Holmes, J. A., Mica deposits in the United States: U. S. Geol. Survey 20th Ann.
Rept., p. 706, 1899.

2 Sterrett, D. B., Mica deposits of the United States: U. S. Geol. Survey Bull. 740,
p. 160, 1923.
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1898 and 1911, respectively, they saw great promise of future
successful operations. Subsequent mining demonstrated the cor-
rectness of these predictions, but future possibilities. are now
more difficult to appraise. Not only are the present workings
very large with respect to the size of the dike, but backfill pre-
vents examination of most of the working faces. It seems clear
that the mica shoots plunge west-northwest at gentle to moder-
ate angles, and for this reason the nearly barren heading of the
west-northwest drift from the San Carlos tunnel probably lies
above the main footwall shoot. Both footwall and hanging-wall
shoots appear to have been mined out from top to bottom in the
present workings. Down-plunge continuations of these shoots,
however, might permit successful mining at deeper levels to the
west-northwest. It would be necessary to clean out some of the
old stopes to permit inspection of faces and the planning of fu-
ture operations.

South and immediately west of the main deposit is another
pegmatite dike that trends N. 75° W. and has very steep north
and south dips. It is 225 feet long and about 30 feet in maximum
width, and appears to plunge gently west. A cut about 60 feet
long was excavated at its east end in 1885, and from it an adit
was driven westward for 40 feet beneath and along the keel of
the pegmatite. The adit and appended small underground work-
ings have been inaccessible for many years, and the production of
mica from them is not known.

Most of the pegmatite is a coarse-grained intergrowth of
microcline and quartz, with minor albite and mica. Local pods
of quartz 3 to 12 feet in maximum dimension are common in the
east third of the dike and probably represent a discontinuous
core. A larger mass of blocky microcline occurs near the west end.
Albite and mica are most abundant along the keel of the body,
as well as locally along its north wall. Most of the mica, which is
pale green, is small and badly ruled, warped, and broken. The
deposit offers little promise as a source of mica.

CRIBBENVILLE (NEW CRIBBENVILLE) DEPOSIT
GENERAL RELATIONS

At the end of the Cribbenville road, 2.1 airline miles south-
west of Petaca, is the Cribbenville or New Cribbenville mine (48,
Plate 1). The workings lie on a steep northeast slope at alti-
tudes of 7,870 to 7,970 feet, and are near the northeast corner of
the SW14, SW1 sec. 18, T.26N., R.9E. The lower, recent parts
of the mine can be reached over the graded and gravelled Crib-
benville road, which extends westward from State Highway 111
at a point 1.8 airline miles south of Petaca. The upper workings
lie immediately north of an automobile trail that connects the
Cribbenville road with the Capitan and Blanca deposits.

The deposit was first prospected when the Old Cribbenville
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mine, about 400 feet to the north, was opened. A few pits were
dug, but no large mica shoot was exposed. In 1886 and 1887 the
I Excell tunnel was driven about 800 feet westward from a point
near the east end of the main pegmatite body. Little usable mica
was found, so work was suspended; the portal caved a few
years later. During the period 1900-1908 exposures of two rich
mica shoots were opened on the hill slope about 100 feet west of
the tunnel mouth, and the first real mining in the deposit was be-
gun. The New Mexico Mutual Mining Company of Milwaukee,
Wisconsin, sank a shaft, drove a short tunnel, and excavated sev-
eral irregular cuts. As mining progressed, one of the mica con-
centrations was stoped downward and westward to form an ir-
regular slot-like opening 50 feet long, 3 to 20 feet wide, and
about 55 feet in maximum depth. This opening, the South cut,
lay against the footwall or south side of the dike (section D-D’,
Plate 19). The other concentration was mined in the smaller but
wider North cut, most of which lay against the hanging wall.
Both openings are now only partially accessible.

Little mining was done for the three decades following 1910,
but during recent years mineral rights on the property were ac-
quired by Felix Martinez and Ross Martinez of Petaca. Joe
Thompson of Los Angeles, California, operated as a lessee for a
short time in 1942, then reassigned his lease to the Petaca Mica
Products Company, of which R. L. Schneider of San Francisco,
California, is president and general manager. The caved portal
of the I Excell tunnel was cleaned out and extensive operations
were carried on in parts of the pegmatite below and west of the
old surface workings. Production of mica was begun in May
1942 and continued to November 1944, Work during this period
was chiefly at and above tunnel level. It included about 400 feet
of drifting and cross-cutting, designated as exploratory and de-
development work, as well as mining in two large and several
smaller stopes. A rich footwall mica shoot was stoped by cut-
and-fill methods for a strike length of 70 feet and to heights of
25 feet or more above the tunnel floor. The Central stope, a
shorter but wider opening, was developed to the north and east
in the interior of the pegmatite (Plate 19), and was connected
with the surface by means of an air shaft. By the time opera-
tions were concluded the central and footwall mica shoots had
been worked down to tunnel level, and the footwall or Schneider
stope had been holed through into the two main surface openings.

. West of the largest surface workings are sixteen cuts and
pits, none of which is more than 15 feet deep. Most have been
sunk on minor, discontinuous mica concentrations. From a long
cut 20 feet southwest of the air shaft, a tunnel extends 18 feet in
a southerly direction. Much of it is in a large inclusion or pen-
dant of country rock. Short inclines slope from the floors of cuts
80 feet south and 180 feet southwest of the air shaft, but are now
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caved. Most of these small westerly workings represent pros-
pecting efforts during the periods 1900-1915 and 1923-1928. A
smaller pegmatite dike that lies south and southeast of the main
workings has been opened by means of seven shallow cuts and
pits. The largest of these, which is immediately southwest of the
mine road, is 15 feet long, 5 to 9 feet wide, and 3 to 8 feet deep.
It continues west-northwest as a gentle incline that is now flooded
and partially caved.

From recent operations of the Petaca Mica Products Com-
pany about 1,500 pounds of strategic-grade sheet mica, valued
at slightly more than $6,000, was produced. By-products included-
about 9,000 pounds of stained mica that was sold as punch, and
at least 125 tons of scrap. Although detailed data for previous
operations are not available, production since 1900 probably
amounts to at least 5,000 pounds of clear plate (selected mine-
run) mica, 20,000 pounds of stained sheet material, and 400 tons
of scrap.

GEOLOGIC SETTING

The main pegmatite dike in general trends N. 85° W. and
dips steeply north. It is 795 feet long and about 60 feet in aver-
age outcrop breadth, Two hundred and fifty feet from its east
end is a prominent bulge in which the pegmatite is at least 100
feet thick. A second dike, 490 feet long and about 40 feet in
maximum thickness, extends eastward from a point near the
south side of this bulge. Its general trend is west-northwest,
with steep north to north-northeast dips. The two pegmatite
bodies converge strongly at the surface (Plate 18), but are not
connected there. They are joined at the level of the I Excell
tunnel, and their combined thickness is about 70 feet in the west
end of the recent workings. Their line of junction probably
plunges steeply northwest.

The main dike plunges moderately to gently west. Its keel
crops out near the corner of the compressor shed near the mine
portal, and in the tunnel and the first crosscut farther west it
appears to split into downward-tapering “roots”. Irregularities
in the walls, as well ag lithologic units within the pegmatite, also
plunge in a westerly direction. The smaller pegmatite dike,
which trends more northerly, appears to plunge moderately to
steeply west-northwest.

The foliation of the enclosing micaceous quartzite trends
N. 45°-50° W. and dips southwest at moderate to steep angles.
Two well-defined sets of linear elements are present. One pitches
moderately south-southeast, and the other west in approximate
conformity with the plunging structures of the pegmatites. Some
of the quartzite beds have been permeated with fine-grained pale
green flakes of mica. The distribution of this micaceous material
is not clearly related to the distribution of pegmatites, but does
appear to be most common where lenses, veinlets, and large pod-
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like masses of quartz are present. Other parts of the country
rock contain large closely spaced feldspar metacrysts. These
are common only near pegmatites. Thinly foliated dark green-
ish gray amphibole schist is interlayered with the quartzite near
the mine portal, but forms a very minor part of the terrane.
Ninety-five feet from the mouth of the I Excell tunnel is a
strongly sheared 2-foot layer of this material, in which much of
the amphibole has been altered to biotite.

Although neither pegmatite body appears to be offset along
conspicuous faults, joints and minor shears are common (Plate
19). One well-defined joint set trends parallel with the elonga-
tion of the main dike and dips very steeply. A second set with
similar trend dips gently to moderately south. Most of the other
fractures strike parallel to the country-rock foliation, but cut
across its dip. Shearing is common along the pegmatite borders,
especially along a prominent bulge in the hanging-wall contact
opposite the Schneider stope (Plate 19). Farther west along
this contact, loose heavilr sheared ground has caved to block at
least 40 feet of the I Excell tunnel. '

PEGMATITE

Both dikes are clearly zoned, but the distribution' of rock
units is very irregular in detail. The smaller south dike contains
a discontinuous quartz core, individual segments of which are
8 feet to more than 200 feet long and 2 to 20 feet in average
exposed thickness. They are flanked by coarse-grained micro-
cline-quartz pegmatite, which forms a wall zone that reaches
thicknesses of 20 feet or more where the core is thin or absent.
A discontinuous border zone consists of fine- to medium-grained
pegmatite similar in composition to the wall-zone material. It
ranges in thickness from a knife edge to 5 feet.

The South dike can be traced east-southeast into a long
quartz-rich stringer that is 3 to 6 feet thick. A little feldspar
occurs throughout this material, and a thin medium-grained
feldspathic border zone is present in a few places. East of the
Cribbenville road the quartz-rich dike grades into a quartz vein
in which feldspar is rare. Albite is most abundant in the middle
third of the entire dike or in the eastern half of its zoned, feld-
spar-rich portion. The plagioclase appears to have replaced much
of the wall-zone material, especially along and near its contact
with segments of the core. Some coarse albite was formed by
replacement of massive quartz, and little of the core remains in
parts of the dike, especially near the workings immediately west
of the road and in the bulge at its extreme west end.

The border zone of the main dike occurs as small, lenticular
masses of fine- to medium-grained microcline—quartz—albite-
oligoclase pegmatite, in which partially digested inclusions of
country rock are abundant. This material is as much as 8 feet
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thick along the hanging wall in the mine workings and along the
footwall near the east end of the dike, but is not more than 3 feet
elsewhere. A partially albitized wall zone of coarse microcline-
quartz pegmatite, with local masses of graphic granite, forms a
nearly continuous envelope in the outer part of the dike. Its
average thickness is about 5 feet, but it reaches a maximum of
40 feet where exposed from wall to wall near the west end of
the dike. Three poorly defined intermediate zones are present.
The outer and westernmost of these consists chiefly of coarse
graphic granite in which large irregular spindle-like masses of
quartz occur in deep flesh-colored to red microcline crystals 6 to
15 inches in diameter. Pod-like masses of quartz 6 inches to 8
feet in maximum dimension are distributed irregularly through
this unit, and in a few places coarse-grained microcline-rich peg-
matite lithologically similar to the wall-zone material is present.
The graphic-granite zone grades eastward and inward into blocky
microcline pegmatite, through which small masses of quartz,
coarse microcline-quartz pegmatite, and graphic granite are scat-
tered. This unit is at least 55 feet thick immediately west of
the main bulge in the dike. Boundaries between the wall zone
and either of these two intermediate zones are gradational and
hence are not shown on the map.

An inner intermediate zone of massive quartz with large
well-formed microcline crystals is not exposed at the surface, but
appears in the mine workings, particularly along the north wall
of the Central stope. Small core segments of magsive quartz are -
present near the main cuts and near the west end of the dike, but
much of this unit has been replaced by albite. The general pro-
gression of inner units from east to west involves an increase in
microcline and a decrease in quartz. At the surface the most con-
spicuous changes in lithology occur near and immediately east of
the main bulge in the dike. In the mine workings, on the other
hand, corresponding changes lie farther west, attesting the gen-
ira;l plunge of the dike and its constituent units (Plates 18 and

9).

Large inclusions of mica-impregnated country rock are pres-
ent at the surface southwest of the air shaft and in the mine work-
ings west of the Central stope. These range in thickness from
a knife edge to 15 feet, and are 4 to about 75 feet long. Flanking
each is a discontinuous hood of typical border-zone material,
much of which has been replaced by fine-grained albite. Late-
stage plagioclase is also abundant along the contacts of the dike
itself and along contacts between pegmatite zones. East of the
Central stope it occurs with quartz in sugary aggregates of len-
ticular form. Some of these appear to represent thoroughly al-
tered inclusions of country rock. Coarse cleavelandite fills frac-
tures in the massive quartz of the inner zones. Where these
fractures are numerous, as in parts of the core immediately west
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of the main surface workings, the plagioclase occurs as extensive
stockworks to form a very conspicuous rock type. Several of the
large microcline crystals that are enclosed by massive quartz have
been partially or completely replaced by fine-grained sugary
albite. The selective formation of these pseudomorphs is shown
by the absence of plagioclase feldspar from the adjacent quartz.
Similar selective replacement is apparent in graphic granite
farther west, where all stages in the attack of microcline by albite
are present, but where few of the quartz spindles have been
affected. Several of the irregular bodies of albite-rich pegmatite
shown in Plate 18 represent replaced graphic granite, as demon-
strated by the occurrence of residual quartz spindles.

Pale yellow to deep wine red spessartite garnet, the most
common accessory mineral, occurs as small well-formed crystals
and larger somewhat granulated masses as much as 8 inches in
diameter. It is most common in the border zones, where it occurs
with white to blue-gray albite-oligoclase, and in albite-rich peg-
matite, especially along the footwall contact in the Schneider
stope. In fine-grained albite it forms pinpoint disseminations.
Grass-green fluorite in crystals and pod-like masses 14 inch to
4 inches in diameter is most abundant in the wall zones. It also
forms thin crosscutting veinlets, generally in albite-rich pegma-
tite, but these veinlets are plainly transected by some albite crys-
tals. Deep purple fluorite is relatively rare and appears to have
been formed at a much later stage. It occurs in veinlets that cut

- albite, mica, and masses of green fluorite, and also appears as
rims around crystals of green fluorite. Beryl, another uncommon
accessory, is present as pale blue-green masses in the outer parts
of the wall zone and as well-formed crystals along the outer mar-
gin of the inner intermediate zone.

Long, thinly tabular crystals of monazite are most abundant
in albite-rich pegmatite that contains irregular cavities. The
walls of these vugs are coated with films of hematite and limonite.
Columbite, a common associate, is reported to have been encoun-
tered during early operations at the mine in the form of large
“slugs” weighing 10 pounds or more. Much of the albite that sur-
rounds crystals of both monazite and columbite is stained red to
red brown. Pale green, gray, and canary yellow bismutite occurs
as films and small rod-like masses in quartz-albite pegmatite in
the interior of the dike. The occurrence of samarskite is reported
to be similar. Magnetite and ilmenite are abundant in quartz
stringers that branch from or lie adjacent to the main dike, but
are rare in the pegmatite itself. Almond-shaped aggregates of
fine-grained pale green sericite and pale pink muscovite occur
in albite-rich pegmatite near the bottom of the South cut, but are
not common. Sulfide minerals, chiefly chalcocite and bornite,
are scattered throughout the pegmatite as veinlets and small pod-
like masses. Much of the adjacent feldspar is stained green.
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MICA

Book mica occurs in albitized zones only, and throughout
both dikes its abundance is roughly proportional to that of the
albite. The richest concentrations of both minerals occur in the
eastern third of the main dike. A large mica shoot along the
footwall has been worked by means of the slot-like South cut and
the Schneider stope. A second shoot extends from the eastern
end of the footwall concentration diagonally across the. dike.
Where it was worked from the surface by means of the North
cut, it lies near the hanging wall of the pegmatite. Its richest
part plunges downward and away from this wall, as shown by
the position of the Central stope. This shoot lies at the north
edge of the quartz core on the surface, but appears to cut through
it in several places. In the Central stope it is associated with
the inner intermediate zone. Although its distribution between
the two levels is not clear, it appears to transect zone boundaries
at acute angles. Several smaller mica shoots are present along

TABLE 11. MICA IN FACES, CRIBBENVILLE DEPOSIT

oot fees 0 hmionin fuee
Central stope:

Back near east end 22 12
Back near west end 41 14
West face 36 15
Back (November 1945) 48 : 12
Average?® 13
Weighted average?® 13

Schneider (footwall) stope:

"~ Floor near west end 28 15
East face (January 1944) 64 12
Back (January 1944) 310 14
Back (March 1944) 178 ’ 9
Back (November 1944) 408 11

Average® 12
Weighted average® 12
Other workings :
West wall of crosscut, west
end of workings : 136 4
Northwest wall of haulageway )
_ west of Central stope 80 10
Back of drift west of Schneider stope 220 11
Averége 8
Weighted average 9

a Average probably somewhat higher than average for all material stoped; individual
measurements were made on accessible faces only.
b Average probably represents entire mica shoot mined during period of measurements.
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the margins of inclusions and zones of quartz and coarse-grained
microcline-rich pegmatite, as shown on the map (Plate 18) and
underground plan (Plate 19). Other concentrations appear as
disseminations through large masses of pegmatite, but mining
operations in such material have not been successful. The dis-
tribution of mica shoots at the surface is clearly shown by the
positions and shapes of the pits and cuts. The mica content (by
volume) of several concentrations, as estimated from measure-
ments of accessible faces, appears in Table 11.

The mica ranges from light green through shades of green- .
ish brown to dark brown. It is hard, relatively flat, and splits
easily. The chief defects are ruling (Plate 3, bottom) and min-
eral staining. The stain appears as small black and brown spots
and as black, brown, and red lattice-like intergrowths of trigonal
pattern. Most of the stain appears to be hematite. The ratio
of stained to clear sheet mica ranges from 3 to 1 to nearly 7 to 1,
with a probable average of about 5 to 1. The staining is irregu-
larly distributed within the pegmatite, within mica shoots,
and within individual mica books. It is most widespread in the
brownish mica in the main footwall shoot. Careful rifting of
the larger stained books yields much high-quality sheet mica,
inasmuch as ruling, waviness, and “A” structure are relatively
uncommon in such books. There appears to be little consistent
difference in quality or size between the mica that lies immedi-
ately adjacent to massive quartz and that near the walls of the
dike. Much occurs as tangled masses and can be processed only
as scrap. Some of the books contain intergrowths of albite near
their edges, and flattened inclusions of garnet are present in
others. Neither defect is quantitatively serious.

RECENT OPERATIONS AND FUTURE POSSIBILITIES

Through the courtesy of R. L. Schneider, who directed the
recent mining operations for the Petaca Mica Products Company,
detailed production and cost data have been made available for
analysis in terms of mining methods and geologic conditions.
During the period January 1, 1943-April 1, 1944 mining was
carried on in the Central and Schneider (footwall) stopes, and in
at least two other smaller stopes, in part by low-cost cut-and-fill
methods. During the same period, however, extensive develop-
ment work was done in adjacent parts of the pegmatite with rela-
tively low recovery of mica. This comprised drifting, cross-
cutting, and the driving of ventilation openings. The results of
all these operations (summarized in Table 12) indicate that the
proportion of recovered mica in the total pegmatite mined was
2.4 percent, and that the value of this rock was $1.77 per ton. In
contrast, the pegmatite taken from the richer shoots in the stopes
yielded a much higher proportion of mica, and its value was $3.87
per ton. The 0.65 percent yield of prepared strategic-grade ma-
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TABLE 12. DEVELOPMENT WORK AND MINING OPERATIONS
FOR STRATEGIC-GRADE MICA, CRIBBENVILLE MINE

JANUARY 1, 1943, TO APRIL 1, 1944

Mica produced

Total mine-run mieca . ______
Scrap mica ______ [
Stained mica, selected books__ - e
Clear mica, selected books_ — [
Total selected book miea . ________ . ____________
Proportion of clear mica in selected books______* _______
Proportion of clear selected book mica in mine-run mica .
Prepared strategic-grade mica____ . ____________
Proportion of prepared strategic-grade mica in total

selected book mica _________ ___________ ________

Proportion of prepared strategic- grade mica in clear
selected book mica ____ - ____

‘Proportion of prepared strategic-grade mica in mine-
run mica ____ S

Richness of mined material

Volume of rock mined (calculated) .. _________________
Weight of rock mined (calculated) - _
Weight of pegmatite mined (estlmated) _______________
Total mica removed® ___________ —
Mine-run mica recovered _-___ . _______________
Proportion of mica in pegmatlte mined_________________
Proportion of recovered mine-run mica in pegmatlte ,,,,,
Volume of rock mined from Central, Schneider, and
smaller stopes (calculated) N
Weight of rock mined from stopes (calculated) _________
Weight of pegmatlte mined from stopes (estimated) ____
Mine-run mica recovered __________________
Proportion of recovered mine-run mica in pegmatite
mined from stopes _

Values
Prepared strateglc-grade mica ______
Stained mica (sold as stained punch at e per pound) ____
Scrap mica (sold at $15.60 per ton) __________________

Total valve _______ -

Total mine-run mica produced _________________________

Value of mine-run mica per ton _______________________

Value of pegmatite mined per ton® ____________________

Value of pegmatite mined from Central, Schneider, and
other stopes per ton® ______________________

Labor ¢
Powder and fuse ___ U
Gasoline and oil ___
Other supplies _
Freight and drayage — —— —
Insuranee o R
Taxes -__ OO

Total costs ___ I R

126,389  Ibs.
120,266  1lbs.

4,798 1bs.

1,325 1bs.

6,123 1bs.
21.6 %
1.0 %

824 1bs.

185 %
62.2 %
0.65 %

34,500 cu. ft.
2,875 tons
2,600 tons
84.26 tons
63.20 tons
3.2 %
24 %

16,570 cu. ft.
1,381 tons
1,150 tons

61 tons

53 %

$ 3,431.87

239.90
938.07

$ 4,609.84

63.19 tons

$ 17295
3 1.77

$  3.87

$ 6,269.19

514.38
590.82
917.66
104.18
323.77
287.47

$ 9,007.47
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Total expenses __________ _________ $ 9,007.47
Total value of mica produced ________ 4,609.84

Loss, to be charged to development __ $ 4,397.63

2 Based on assumption that about 259 of total mica was discarded on the dump as
fines and as small blocks in large rock masses.

b Based on assumption that mica, sold at prices noted above, represents entire value of
pegmatite.

¢ Does not include cost of compressor or cost of building pilot road to mine.

4 Mining at $4 per day per man, mica preparation at $1.40 per pound of strategic-grade
product. :

terial from the mine-run mica was high, considering the wide-
spread mineral stain in otherwise usable stock.

The operations during this period of more than a year were
conducted at a substantial loss (see table), which was charged
off by the operators as development expense. It is unfortunate
that lack of specific cost data for operations in the stopes pre-
cludes an economic analysis of the actual mining operations as
contrasted with development work, but it seems likely that the
stoping may have been profitable. This is suggested by the
results of subsequent operations in the Schneider stope, an
example of which is summarized in Table 13.

The higher proportion of mine-run mica recovered from the
pegmatite during this later work is thought to reflect increased
success by the operators in minimizing dilution with low-grade
material from beyond the limits of the mica shoot. Such dilution
may have been a serious factor in some of the earlier stoping, as
suggested by the discrepancy between the proportion of mica in
the material mined (about 7 percent) and the proportion of mica
in the present exposed parts of the mica shoots (12 percent).

During the spring of 1944 a haulageway was driven around
the Schneider stope on its north side and a crosscut was run
southward from the point where the main and south dikes join.
No minable concentration of mica was encountered and prepara-
tions were then made for cut-and-fill stoping of those parts of
the footwall mica shoot that remained above tunnel level. The
back was shot down a little at a time, and the mica was cobbed
and sorted on the surface of the muck. Surplus muck was
dropped into the Central stope to the north or pushed into the
drift to the west. No attempt was made to maintain an even
working face, but projections were shot away as they developed.
These operations are said to have been profitable, and were con-
tinued until the mica concentration was worked out to the floors
of the old surface cuts. - At one point where the old and new
workings join, both the North and South cuts and the Central
and Schneider stopes are connected.

The records of recent operations in the Cribbenville mine
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TABLE 13. SUMMARY OF OPERATIONS IN SCHNEIDER STOPE,
CRIBBENVILLE MINE, DURING A SHORT PERIOD IN MAY 1944

Volume of pegmatite mined (calculated) _______________ 680  cu. ft.
Weight of pegmatite mined (calculated) __________ B 56.7 tons
Mine-run mica recovered —- 10,200 lbs.
Total mica removed * 13,600 1bs.
Proportion of mica in pegmatite mined ________________ 12.0 %
Proportion of recovered mine-run mica in pegmatite mined 9.0 %
Prepared strategic-grade mica recovered ________ 101.42 1bs.
Proportion of prepared strategic-grade mica in .

mine-run mica _ 1.0 %
Value of prepared strategic-grade mica ________________ $ 585.72
Value of scrap mica $ ~ 178.00
Total value of mine-run mica $ 663.72
Value of mine-run mica per ton _$ 130.14
Estimated cost of mining __ $ 64.00
Estimated cost of sorting, transportation, and overhead__ $ 45.00
Cost of rifting and trimming _ $ 111.26
Total cost . $ 220.25
Net profit from operations _ $ 44347

a Based on assumption that about 259% of total mica was discarded on the dump as fines
and as small blocks in large rock masses.

tend to show that careful planning of mine workings in terms
of geologic information, the adoption of low-cost mining methods,
and the nearly complete extraction of all economically desirable
material from the ore are essential to the successful exploitation
of such a deposit, particularly during periods of relatively high
labor costs. Although the main Cribbenville pegmatite is rela-
tively large and contains rich mica shoots, the unusually high
proportion of stained mica reduces the returns from mining to
the point where a carefully planned operation is vital. Future
operations should be directed toward the mining of down-plunge
continuations of the two main mica shoots below the level of the
present underground workings. Both shoots plunge gently to
moderately in a westerly direction and might be worked by over-
hand stoping methods from a lower level.

None of the exposed mica concentrations in the smaller
South dike offers much promise as a source of commercial mica.
In the west half of the main dike are large reserves of medium- to
high-quality microcline feldspar, but little potential by-product
mica occurs in this part of the deposit.

PAVO DEPOSIT

The Pavo deposit (49, Plate 1) is about 700 feet east of the
Cribbenville mine in the SE1j SW1/, sec. 18, T.26N., R.9E. It
lies near the bottom of a narrow canyon immediately south of the
Cribbenville road (Plate 18). Most of the mine workings, which
are in two large irregular pegmatite dikes, date back to the
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period 1875-1895, when operations for stove mica in the Cribben-
ville area were most active. Although several thousand pounds
of plate mica are said to have been obtained from the deposit, few
of the operations were profitable and the mine never became
known as a large producer. It has lain virtually idle for at least
forty years. ‘

The deposit consists of three pegmatite dikes that trend
N. 70°-80° W. The North dike, which crops out on the north
side of the canyon, is 22 feet thick where it is crossed by the
Cribbenville road, but tapers to a thin stringer at its east end.
It is at least 350 feet long, and dips steeply south-southwest.
Much of the Middle dike, which is 625 feet long and dips moder-
ately to very steeply south, lies near the bottom of the canyon,
but its extreme western part can be traced up a steep slope to
the Cribbenville road. The dike thickens gradually from its east
end, reaching a maximum of at least 50 feet along the canyon
bottom and thence thinning abruptly. The South or largest dike,
which is exposed along the south side of the canyon, is 510 feet
long and 105 feet in maximum outcrop breadth. Tts south wall
dips moderately to steeply south and its north wall steeply north
to very steeply south. This dike splits and tapers abruptly at
both ends.

The largest opening in the South dike is a cut that is 90 feet
long, 4 to 25 feet wide, and 18 feet in maximum depth. It lies
along the north wall near the east end of the pegmatite, and
from its face the Columbia tunnel extends about 45 feet south-
ward. As exposed in the tunnel heading, the south contact of
the dike dips steeply north in contrast to its southerly dip at the
surface. Three smaller cuts have been excavated in the three
prongs that mark the east end of the dike (Plate 18), and a fourth
cut lies near the middle of the dike to the west. Near the east
end of the Middle dike is the Rafugea tunnel, which trends south-
ward and is about 85 feet long. Above and immediately south of
the portal is an irregular cut 65 feet long, 8 to 20 feet wide, and
12 feet in maximum depth. It has been excavated in a pegmatite
projection that is separated from the pegmatite exposed in the
tunnel by a thin septum of country rock. At least six small
shallow cuts represent efforts to open up mica concentrations
elsewhere in the pegmatite body. Little prospecting appears to
have been done in the North dike.

The country rock is platy micaceous quartzite with inter-
layered quartz-mica schist. Its foliation trends northwest, and
has an average dip of 40° SW. Linear structures pitch moder-
ately south and moderately west to west-southwest. Gentle to
moderate west to southwest plunges are characteristic of the
South and Middle deposits. One of the prongs at the west end
of the South dike plunges gently west, but the other is not well
exposed. The keel of this dike may also plunge in a westerly
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direction, as suggested by the attitudes of at least two of its three
prongs. Moreover, the convergence of the dike walls in the vicin-
ity of the Columbia tunnel, due chiefly to a reversal of dip in
the south wall, may indicate that the keel lies near the surface
and hence has a relatively gentle plunge. Irregularities in the
walls of both the South and Middle dikes, as well as the litho-
logic units within them, have similar plunges.

The North dike is. markedly sinuous in plan. It consists
chiefly of medium- to coarse-grained microcline-quartz pegma-
tite with minor albite and mica. Inner zones of massive quartz
and blocky microcline are present as small pods in the mapped
portion of the dike. The most extensive unit is a wall zone of
coarse microcline-rich pegmatite. The finer-grained border zone
is relatively continuous and in most places is at least 3 feet thick.
Albite is a widespread minor constituent in all the zones, but
appears as rich concentrations in few places.

The border and wall zones of the Middle dike are similar to
those in the North dike. In places near the west end where the
border zone is not present, the wall zone is 30 feet or more in
outcrop breadth, but to the east it grades into an intermediate
zone in which coarse graphic granite is abundant. This material
is exposed along the strike for- nearly 400 feet and forms the
dominant unit in the dike. The two prongs at the east end of
the body contain massive quartz that probably represents the
core. This material is not symmetrically distributed within each
of the prongs, but lies along their edges on both sides of the
intervening schist septum (Plate 18). Near the center of the
south prong is massive quartz with large crystals of microcline,
which probably represents a poorly developed inner intermediate
zone. Albite is a widespread minor constituent in all the pegma-
tite, but is most abundant in the east half of the dike, where it
has formed chiefly at the expense of microcline in the graphic
granite. Local concentrations of coarse cleavelandite represent
replacement of massive quartz in the two prongs.

The South dike contains a massive quartz core that is at
least 260 feet long and 40 feet in maximum outcrop breadth. It
is in the east half of the dike near the north wall. An inner inter-
mediate zone probably is represented by several scattered masses
of quartz with giant microcline crystals. Intermediate zones of
blocky microcline and coarse graphic granite, and wall and border
units of microcline-quartz pegmatite, form the remainder of the
dike. Albite-rich pegmatite is most common between the north
wall and the quartz core. Other, smaller concentrations are
present along the south wall and at the east end of the core. Evi-
dently most of the late-stage feldspar was formed at the expense
of microcline in graphic granite and other coarse-grained
pegmatite.

Spessartite garnet, the most widespread accessory mineral,
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is present in all the dikes. It is especially abundant in the wall
zones, where it is accompanied by pale green fluorite. Small
poorly formed crystals of blue-green beryl are locally abundant
in the outer parts of the wall zone, and several larger crystals
were observed along the margin of the core in the South dike.
Columbite and sulfides were observed on two of the dumps.

Mica, like albite, is scattered throughout the dikes as a minor
constituent, but occurs in distinct concentrations only at the east
ends of the Middle and South dikes, where it has been mined from
open pits. The mica is light green and is generally hard, flat,
and clear. The chief defects are ruling, reeves, and breaks.
Much ribbon material is said to have been produced from the
flat portions of “A” books. Impressions of such books, some as
much as 20 inches in diameter, can be seen in the main workings,
but the bulk of the mica appears to be small. Although future
operations in the down-plunge continuations of the mica shoot
south of the Rafugea tunnel and the shoot at the mouth of the
Columbia tunnel might be satisfactory, production probably
would not be large. The proportion of recoverable large-sheet
material might well be very small. Other parts of the dikes are
virtually barren of minable book mica, and none of the pegmatites
appears to offer much promise as a source of beryl or feldspar
of superior grade.

NAMBE DEPOSIT

The Nambe deposit (50, Plate 1), southernmost in the Crib-
benville group, is near the southeast corner of the SW1, SW1j
sec. 18, T.26N., R.9E. It lies at an altitude of 7,850 feet on a
low ridge at the north edge of Abrevadero Canyon, and can be
reached by trail or wagon road from the Cribbenville road 600
feet to the northeast. Several open cuts on the property are
said to have been dug more than a century ago, but most of the
workings were developed during the period 1920-1926, when
more than 250 tons of scrap mica was obtained by the Hoyt
Mineral Company of Las Tablas. Additional quantities were
mined on a smaller scale by other operators. Most of the mica
was shipped to Richmond, Virginia, for wet grinding. Some
scrap and puneh material obtained by robbing shallow accessible
workings was sold during the period 1934-1936, but the mine
has been idle since that time. ‘

Several connected open cuts occupy the east part of a large
pegmatite dike that trends N. 85° W. and dips steeply north.
This series of workings extends along the north edge of the dike
for a distance of 130 feet. The average width of the excavations
is about 20 feet and the average depth was 20 feet or more, but
all are now partially filled with muck and large blocks that have
slumped from the walls. At least two narrow inclines slope
gently west from the faces of the eastern pits, and near the west
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end of the main pit are drifts at two levels (Figure 19). Some
of these openings are said to have connected with small stopes,
but they are no longer accessible. A 65-foot shaft was sunk in
pegmatite immediately west of the main pit by S. Rabaul of
Petaca in 1924. This opening, which intersected a stope and
other workings west of and slightly below the floor of the pit, is
now filled to a level about 20 feet below the collar.

The pegmatite dike is several hundred feet long and 20 feet
in average thickness. It is partially covered by dump material,
but appears to bulge in the vicinity of the mine workings to
a maximum outcrop breadth of 54 feet, tapering to a blunt term-
ination a short distance farther east. No prominent irregulari-
ties are present in the mapped portions of the pegmatite walls,
but a branch dike extends northwest from the north wall at the
Rabaul shaft. This dike grades into a 3- to 8-foot quartz vein a
short distance beyond the shaft (Figure 19). The keel of the
country-rock septum between the two dikes plunges west to
west-northwest at moderate angles. Such a plunge probably is
characteristic of the main dike itself, as suggested by reported
exposures of the keel in some of the easternmost workings and
by the plunge of individual lithologic units exposed between the
east pit and the Rabaul shaft. Numerous minor corrugations in
the north wall also plunge moderately west.

The micaceous quartzite country rock is poorly exposed. Its
foliation trends north-northwest and dips moderately to steeply
west-southwest. Irregular layers and lenses of mica-rich schist
are present, but the distribution of this material with respect to
pegmatite or vein quartz could not be determined. Immediately
south and east of the east pit are red to reddish brown andesite
and interlayered gray felsite, which appear to form a thin veneer
over the quartzite. These volcanic rocks once covered much of
the area between their present outcrop and the Cribbenville mine
to the north, as shown by several scattered thin remnants. None
remains, however, on the Nambe pegmatite.

The pegmatite border is marked by a thin selvage of fine-
grained microcline—quartz—albite-oligoclase pegmatite that is
rich in small flakes of pale green mica. This material forms a unit
too thin to be shown on the map. A discontinuous wall zone that
consists of coarse microcline-quartz pegmatite ranges in thick-
ness from a knife edge to at least 12 feet. It appears to be most
extensive in the poorly exposed part of the dike south of the main
workings. The most prominent of the inner zones, which forms
much of the dike west of the Rabaul shaft, consists of very coarse
microcline-rich pegmatite in which graphic granite is abundant.
Near the shaft it wraps around the west end of an inner inter-
mediate zone in which well-formed crystals of microcline 8 inches
to 12 feet in diameter occur in massive quartz. This unit lies
much closer to the north wall than to the south wall of the dike,
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and is well exposed in the floors and south walls of the pits. At
the east end of the dike are the remnants of a quartz core that
was lozenge-shaped in plan. It appears to have been about 40
feet long and 15 feet in maximum thickness.

Albite is an unusually abundant late-stage constituent at and
near the keel, or east end of the dike, and along its north wall
between the east pit and the Rabaul shaft. It occurs in part as
a wall-zone pseudomorph at the keel, but farther west it appears
to have replaced only the inner half of the wall zone. The wall
zone at corresponding positions along the south margin of the
dike has been little affected. Much of the quartz core has been
replaced by fracture-controlled albite, and only small irregular
residual masses of quartz remain to mark the centers of original
fracture-bounded blocks. The central part of the core has been
converted to a large pipe-like body of scrap mica-albite-quartz
rock, in which the mica occurs as thick books 14 to 3/ inch in
diameter. Albite is much less abundant in parts of the pegma-
tite west of the Rabaul shaft, but is a widespread minor constitu-
ent of the unit rich in graphic granite.

The chief accessory. minerals are salmon-colored garnet,
green fluorite, rusty brown monazite in feathery to thick tabular
crystals, columbite in small irregular masses, and pale green
beryl. Bismutite, purple fluorite, and secondary copper minerals
are minor constituents, and the occurrence of samarskite has
been reported. Associated with the columbite and monazite is
much late-stage, fine-grained, yellowish green muscovite. Most
of the beryl occurs in the albitized quartz core (Figure 19) as
small irregular fragments that appear to be unreplaced rem-
nants of large prismatic crystals.

The rich concentration of small mica books near the east end
of the dike constituted an excellent ore body whose upper end
is now mined out. All the material in this unit is said to have
been too small to yield sheet or punch stock. In the pits farther
west, however, larger crystals occur with albite along the north
margin of the inner intermediate zone. Impressions of indi-
vidual books as much as 15 inches in diameter can be seen in the
massive quartz. The mica is pale to medium green and clear, but
much of it is relatively soft. Other defects are waviness, ruling,
breaks, and “A” structure. Most of the largest books are broken
and partially albitized near their edges. None of the visible
concentrations appears to be rich.

It.is not clear whether the mica shoots have been exhausted
by mining. Most of the workings are clogged with muck, and
in any future operation must be cleaned out or by-passed. Un-
mined down-plunge parts of the keel probably offer the best
possibilities for future development. Although no minable con-
centrations of mica were encountered in the Rabaul shaft, its
bottom may not be more than a few tens of feet above the pegma-
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tite keel, and hence it may not have been sunk far enough to
encounter the more productive parts of the deposit. The results
of past operations suggest that future work must be predicated
almost wholly upon the recovery of scrap mica.

ALAMOS GROUP

LITTLE JULIA NO. 1 DEPOSIT

The Little Julia No. 1 deposit (51, Plate 1) is on a northeast
slope between upper Abrevadero and Alamos canyons, near the
center of the east edge of sec. 23, T.26N., R.8E. It lies at
altitudes of 7,940 to 8,050 feet, and is the northernmost and high-
est deposit in the Alamos group. The main workings are imme-
diately south and west of a poor 3.5-mile automobile trail that
extends west from State Highway 111. Small quantities of mica
were obtained from these workings during the period 1923-1926,
but the history of other operations is not known. Total produc-
tion from the deposit probably amounts to little more than 500
pounds of punch mica and 50 tons of serap. Mineral rights are
now controlled by Joseph M. Maestas and associates of Vallecitos.

The pegmatite is a sinuous dike 955 feet long and about 18
feet in average thickness (Figure 20). It strikes N. 85° E. and
dips north, generally at steep angles. Its keel and the irregulari-
ties in its walls plunge moderately west. Several large bodies of
massive quartz are present on both sides of the dike, but none
appears to intersect it. Most are vein-like and range in thickness
from a few inches to more than 30 feet. They trend northeast
to east, and dip southeast and south.

The country rock is greenish gray platy quartzite and
quartz-mica schist with interlayered light gray meta-rhyolite.
The foliation strikes N. 10° W. and dips west at moderate angles.
The axes of small drag folds and minor corrugations in the
quartzite, and rows of elongated phenocrysts in the metamor-
phosed volecanic rocks, plunge west and west-nothwest at mod-
erate to gentle angles. Both pegmatite and country rock are off-
set along at least two faults that trend north to north-northeast
(Figure 20). Maximum displacement appears to be about 10 feet.

The pegmatite is discontinuously but systematically zoned.
Its core is represented by several thin segments of massive quartz,
none of which is more than 30 feet in exposed length. Somewhat
thicker masses of blocky microcline constitute an intermediate
zone. The wall zone, a coarse aggregate of microcline and quartz
with minor garnet and fluorite, is the most widespread unit, form-
ing the entire thickness of the dike in many places. A discon-
tinuous border zone, similar in composition but much finer-
grained, is too thin to be shown on the map.

Albite is widespread and abundant. It occurs as stockworks
in massive quartz, as large rosettes of coarse cleavelandite in
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quartz and blocky microcline, and as a somewhat finer-grainea
component of the wall zone. Partial or complete replacement
of the wall zone is most common at the two ends of the dike and
immediately adjacent to the walls elsewhere. Many of the con-
tacts between zones have been obscured by this late-stage plagio-
clase, and it seems likely that many segments of the interior zones
were once more extensive than they now appear on the map. The
chief accessory minerals are garnet and fluorite. Irregular cavi-
ties in the wall zone contain granular aggregates of pale green
fluorite, and in part may have been developed through alteration
of this mineral. Columbite occurs as small masses in albite-rich
pegmatite, and tabular crystals of ilmenite are common in some
of the quartz veins.

Mica is most abundant near the ends of the dike and along
the flanks of quartz masses. A small but relatively rich concen-
tration was mined down its plunge in the main incline south of
the road, and other concentrations have been prospected by means
of small shallow cuts. The mineral is light to medium green. A
few books that lie against massive quartz are as large as 9 by 12
inches, but most are 3 by 4 inches or less. The quality is poor.
Reeves, ruling, “A” structure, and garnet inclusions are common,
and many of the books occur as tangled intergrowths. The
deposit offers little promise of future production.

LITTLE JULIA DEPOSIT
By William P. Irwin

The Little Julia deposit (52, Plate 1) is on a steep south
slope above Alamos Canyon in the NW1, SW1/ sec. 24, T.26N.,
R.8E. Itlies at an altitude of 8,000 feet at the end of the automo-
bile trail that serves the Little Julia No. 1 deposit, but it can also
be reached on foot from the Alamos Canyon trail. Little more
than intermittent prospecting was done until 1943, when an old
cut was considerably enlarged in an attempt to obtain high-
quality sheet mica. The mining was stopped after about 25
pounds of strategic mica and several tons of scrap were produced.
At present the deposit is owned by J. M. Maestas and J. B.
Martinez of Vallecitos. V

. The pegmatite body is a regular dike that strikes N. 75° E.
and dips very steeply north (Figure 21). It is more than 1200
- feet long, about 35 feet in average thickness, and probably
plunges gently west-southwest. It has been explored by means of
twenty-three pits and cuts, most of which are less than 10 feet
in diameter. The main opening is an L-shaped cut whose entry
lies athwart the dike. Most of the mining was done along the
hanging wall of the pegmatite, where a hole 55 feet long, 10 to
15 feet wide, and 8 to 15 feet deep was excavated.

The country rock is micaceous quartzite with some inter-
layered meta-rhyolite. Its foliation trends N. 60° W. and dips
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gently south-southwest. Linear structures plunge gently west-
southwest. The rock is markedly disturbed along the pegmatite
contacts. Some of the foliation planes are severely contorted on
a small scale, but most are broadly bent as if by dragging during
injection of the pegmatite from below and to the west. The
direction of drag is the same along both contacts; hence this
feature is not readily ascribable to movement along a fault. A
continuous 2- to 4-foot quartz vein lies 85 to 80 feet north of the
pegmatite and is exposed for a strike length of about 1,000 feet
(Figure 21). Similar veins lie farther north beyond the mapped
area. Their uniform orientation suggests control by fractures.

Most of the pegmatite is an aggregate of microcline and
quartz that coarsens inward from the walls. This material,
which is interpreted as a wall zone, forms the full thickness of the
dike in many places. It is bordered by a selvage of fine-grained
microcline-quartz pegmatite that is 1 inch to 15 inches thick.
Irregular bodies of coarse blocky microcline with minor quartz
and rude graphic granite occupy central positions in the dike and
probably are segments of a discontinuous intermediate zone.
Some of this rock grades into the wall zone without break.
Mapped boundaries between these zones are therefore arbitrary
in places. The largest body of blocky microcline is 125 feet long
and 15 feet in maximum thickness, and lies about 100 feet east
of the main cut. West of this cut the central part of the dike
is occupied by another intermediate zone, which consists of mas-
sive quartz with large. crystals of creamy to pale flesh-colored
microcline. Near the east edge of the mapped area is a long thin
core of massive quartz. Three short lenses of similar material
lie near the middle of the dike farther west.

About 40 feet east of the main cut is the west end of a thin
continuous body of massive quartz that can be traced for 100 feet
along its strike. An even longer quartz stringer that lies farther
east is separated from the discontinuous core by only 20 feet of
feldspathic pegmatite. Like the quartz veins to the north, these
thin masses contain minor quantities of fine-grained feldspar.
They differ from the quartz bodies identified as parts of the
core in their occurrence near the footwall of the dike and in
their tendency to cut across earlier-formed parts of the pegma-
tite. Similar quartz stringers that are too thin to be shown on
the map are exposed in the footwall portion of the dike in the
entry of the main cut and for more than 100 feet to the west.
They .are closely spaced fracture fillings, and are distinctly
younger than the enclosing pegmatite. They may be contempo-
raneous with the quartz core to the east and hence may represent
parts of the core that were injected into fractures in earlier-
formed pegmatite.

Sugary to platy albite is a widespread minor constituent of
the deposit. Unusually rich concentrations occur in the inner
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part of the wall zone in and west of the main cut. They lie along
the north side of intermediate zones that are rich in coarse micro-
cline. Garnet is common near the borders of the dike as cinna-
- mon brown crystals as much as 8 inches in diameter. Cores of
green fluorite are present in some of these crystals. Fluorite
also occurs as irregular crystalline masses 2 inches or more in
diameter. Columbite, samarskite, monazite, and bismutite are
rare.

The mica is medium green, hard, and relatively free-split-
ting. It is most abundant in the albitized portions of the pegma-
tite near the west end of the mapped area, but none of the
concentrations is particularly rich. Most of the books are 4 by
5 inches or smaller, but a few 18-inch books were obtained
during recent operations. The chief imperfections are ruling,
reeves, “A” structure, and tangled intergrowths. The outlook
for production from the part of the pegmatite shown in Figure
21 is poor, but the eastern end of the dike, in which massive
quartz is more abundant, has not been so thoroughly prospected.
Richer concentrations of albite and mica may be present near
the keel of the dike.

ALTO DEPOSIT

The Alto deposit (53, Plate 1) consists of several pegmatite
bodies exposed on the west side of Alamos Canyon in the north
half of the NW14, sec. 25, T.26N., R.8E. It can be reached by
road and trail from the end of the improved Globe road, which
is 1.1 airline miles to the south-southeast. Mineral rights are
owned by A. C. Bohrnstedt of La Madera, but neither mining
nor intensive prospecting has been done for many years.

The east pegmatite is exposed on the steep face of a knoll
immediately west of the canyon bottom. It is a dike that trends
N. 80° W. to N. 80° E. and curves southward at both ends to
form thin prongs. Near the east end is a cut and a 25-foot
footwall tunnel, in which the dike is 12 feet thick and dips 65°
north. It comprises a core of massive quartz with giant micro-
cline crystals and a partially albitized wall zone of coarse micro-
cline-quartz pegmatite. The dip is gentler higher on the slope to
the west, where the dike is exposed in a larger cut with appended
irregular tunnels. It is at least 20 feet thick. The same zones
are present, but the proportion of quartz is distinctly smaller.
Garnet, fluorite, columbite, and monazite appear in minor quan-
tities in both sets of workings. The mica is pale green and clear,
and is most abundant along the inner margins of the wall zone.
Most of the books are small and badly broken, and the pegmatite
offers little promise.

The west pegmatite, which is much larger and richer in
massive quartz, lies immediately west and south of the east peg-
matite. The two bodies may be connected by means of a narrow
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poorly exposed stringer. The larger dike trends N. 85° W. along
the south side of a prominent ridge and dips moderately north.
It is 10 to 25 feet thick, and contains a massive quartz core that
is almost completely albitized at its east end. A cut 20 feet long,
10 feet wide, and 9 feet deep has been sunk in this albite-rich

- material. Residual masses of the core, as exposed in the walls
of the cut, are flanked by large rosettes or “bursts” of coarse
cleavelandite. Along the outer surfaces of the feldspar masses
are small books of yellowish green mica and well-formed tabular
crystals of garnet and columbite. Small quantities of monazite
and samarskite also are present. :

Other excavations alongside the quartz core lie 60 to 150
feet to the west. They have been sunk in albite-mica pegmatite
that appears to be a partial pseudomorph of the wall zone. The
core bulges to form a prominent knob at the west pits. The mica
concentrations that flank the quartz were worked at the surface
and also were reached at a depth of 35 to 40 feet by a tunnel
driven N. 35° E. from the bottom of a gulch to the south. A little
overhead stoping was done in rich but narrow shoots. The mica
is light green, hard, and flat. It is much broken and ruled, and
few books are larger than 4 by 4 inches. Some are marred by
garnet inclusions and intergrowths of albite.

Traced west from the quartz knob, the pegmatite becomes
progressively richer in microcline and poorer in albite and mica.
It has been opened by means of several small cuts and a larger
pit in the bottom of a gulch. Beyond this pit the pegmatite trends
southwest and can be traced 200 feet or more up a steep slope.
A little mica is present in this part of the dike, chiefly at the mar-
gins of small bodies of massive quartz, but the concentrations
do not appear to be of commercial value.

On a ridge west of Alamos Canyon and about 500 feet south
of the east pegmatite there is a third dike that trends N. 80° E.
‘and dips steeply west. It is 15 to 20 feet thick. Most of it con-
sists of coarse microcline-rich pegmatite, but a discontinuous
quartz core is present near its east end. Elsewhere the central
part of the dike is composed of coarse-grained feldspathic pegma-
tite with a high proportion of interstitial quartz. The deposit
has been prospected by means of several shallow cuts, chiefly
along or near its walls. The mica is similar to that in the east
and west pegmatites, and none of the concentrations appears to
be sufficiently rich to support mining.

HILLSIDE DEPOSIT
The Hillside deposit (54, Plate 1) is on the steep east slope
of Alamos Canyon opposite the Alto pegmatites. It lies in the
NE14 NW1j, sec. 25, T.26N., R.8E. A large pegmatite dike can
be traced eastward up the steep slope to the crest of the ridge,
where its west-plunging keel is exposed. It strikes N. 80° E.,
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dips 65°-75° N., and is at least 550 feet long. Though only
8 to 10 feet thlck at the canyon bottom, lt thickens to at least 35
feet up the slope.

Most of the workings represent prospecting efforts during
the period 1923-1927. They consist of a partially caved hang-
ing-wall shaft, a short hanging-wall incline, and several shallow
cuts and pits. The dike is not conspicuously zoned and consists
chiefly of coarse microcline-quartz pegmatite. The proportion
of quartz in this rock increases from west to east, and near the
keel there are several 4- to 6-foot bodies of massive quartz. The
pegmatite coarsens markedly inward from the walls, but in most
places zones cannot be distinguished. Most of the microcline is
gray to flesh colored, and some contains irregular spindles of
quartz that are oriented in a crudely graphic pattern. Dark gray
to pale blue-green microcline is exposed in the incline, but these
colors are not common elsewhere. Fine-grained sugary albite
and coarse cleavelandite are widespread but are most abundant
" near the walls of the dike. Accessory minerals are garnet, fluor-
ite, beryl, monazite, samarskite, and columbite. All but the
garnet and fluorite are rare.

The mica is pale green. It is fairly flat but considerably
ruled and broken. The average size of the books is 1 by 114
inches. Except for very small shoots along the walls, the con-
centrations are not particularly rich.

WHITE (LYONS) DEPOSIT

The White or Lyons deposit (55, Plate 1) lies on a steep
east slope a quarter of a mile east of Alamos Canyon at altitudes
of 7,650 to 7,700 feet. It is in the SW14, NE1j sec. 25, T.26N.,
R.8E., and can be reached from the end of the Globe road over
about a mile of poor automobile road via the Red mine, or over
a somewhat shorter high-level wagon road via the Triple EEE-A
deposit. It is owned by C. L. Johnson of La Madera. Though
its discovery date is uncertain, the deposit is known to have been
worked intermittently for at least twenty-five years. Much of
the early mining was done during the period 1922-1930 by John-
son and others, who sold most of the mica to a Chicago organiza-
tion as scrap. No accurate production figures are available, but
it is reported that-2,000 pounds or more of plate (selected mine-
run) mica and several hundred tons of scrap were obtained. The
mine was last operated about 1937.

The mica occurs in a single pegmatite body that is rectangu-
lar in plan (Plate 20). It trends N. 80° E. and in most places
dips north at steep angles. It is approximately 220 feet long and
50 feet or more in maximum outcrop breadth. The footwall side
of the deposit was worked by means of a series of cuts that were
successively connected to form an irregular slot-like opening
105 feet long, 6 to 18 feet wide, and 5 to 25 feet deep. Beneath
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the floor of this slot are narrow steeply inclined stopes that
extend to a maximum depth of about 65 feet. A lower adit with
appended stopes, crosscuts, and an inclined winze is near the east
end of the deposit. The stopes are connected with the footwall
workings in several places (Plate 20). The principal hanging-
wall opening, developed mainly during the period 1935-1937,
is a hundred-foot incline that slopes west-northwest at angles of
20° to 25°. Other parts of the pegmatite body have been explored
by six shallow pits.

The country rock comprises platy gray to buff quartzite and
greenish gray quartz-mica schist. The foliation of these rocks
is markedly crenulated, but in general trends N. 15° W. and dips
moderately west. The axes of local drag folds and of many of
the crenulations pitch west at moderate angles. The country rock
is much contorted within a narrow zone immediately adjacent
to the pegmatite contacts, especially at the west end of the deposit.
Both the pegmatite and the country rock are offset a few feet
along a fault that strikes N. 60° W. and dips very steeply north-
northeast. An andesitic dike 3 to 6 feet thick lies in the fault
zone, and is well exposed near the portal of the lower adit. It
has been much sheared and forms very heavy ground in some
of the lower workings.

The pegmatite body plunges west at low to moderate angles.
The contact is well exposed along its crest, which plunges 35°
to 50°. Its keel is concealed by dump material, but is said to
have been encountered in workings (now backfilled) from the
winze, where it plunges about 30°. The mean plunge of mica
shoots and other traceable lithologic units in the pegmatite is
also 25° to 40° W. Several minor rolls in the footwall contact
are similarly oriented.

The pegmatite is distinctly zoned. Outer zones are well
developed along the footwall, crest, and near the west end of the
hanging wall. They are not present along the keel and most of
the hanging wall, either because they were never developed there
or because all traces of them were removed by reaction with
residual pegmatite solutions before or during consolidation of the
core. The interior units, which comprise two well-defined inter-
mediate zones and a quartz core, constitute the bulk of the body.

The border zone is well exposed in the footwall workings
and in outcrops at the west end of the deposit. It ranges in
thickness from a knife edge to 7 feet. It consists of medium-
grained microcline-quartz pegmatite that is rich in small par-
tially digested inclusions of schist. The entire zone is mildly
albitized. Unusual rosettes and angular aggregates of cleave-
landite, 8 inches to 2 feet in maximum diameter, occur in its more
quartz-rich phases near the west end of the footwall workings.
Some contain highly corroded quartz centers and others appear
to be pseudomorphs after microcline crystals. All are surrounded
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by selvages rich in fine-grained bright green mica. These sel-
vages contain small crystals of samarskite and columbite that are
arranged in one or more layers parallel with the cleavelandite
contacts.

The wall zone, which appears to have extended along the
border zone and 45 feet or more eastward along the hanging
wall of the pegmatite, has been thoroughly albitized. As shown
by several large remnants, it consisted chiefly of coarse-grained
microcline and quartz, with minor garnet and fluorite. Much of
the fluorite has been altered to clay-like masses and some has
been removed by solution to form cavities an inch or two in
diameter. Near the west end of the footwall workings the wall-
zone pegmatite is cut by several veins of light smoky quartz that
appears to have been fractured and then invaded by sugary
albite. Both quartz and albite subsequently were fractured and
dark smoky quartz was injected into the openings. _

* The west or outer intermediate zone, which consists of
nearly pure coarse blocky microcline, is 25 to 35 feet in outcrop
breadth and at least 50 feet long. Individual feldspar masses are
approximately 10 inches in average diameter. The other inter-
mediate zone, which wraps around the blocky microcline zone at
its east end, is composed of large well-formed microcline crystals
and massive quartz. The feldspar crystals constitute a little
less than half the rock, and are about 8 feet in average diameter.
This zone extends eastward to a point immediately southeast of
the portal of the hanging-wall incline. It may be represented in
the workings beneath this incline by large residual masses of
quartz and microcline in albite-rich pegmatite. A small detached
body of similar rock is exposed along the southeast wall of the
lower (easterly) cut. The quartz core is exposed at the east end
of the pegmatite body and extends westward along the hanging
wall. In most places it has been extensively fractured and
partially albitized. ' '

Most of the microcline is light to dark flesh in color, and is
in marked contrast to the white albite. The massive quartz is
milky white to light gray, and some of the late-stage quartz vein-
lets are very dark and smoky. Garnet and green fluorite are
scattered through the wall zone and the inner part of the border
zone. A few small crystals of yellowish green apatite were ob-
served in albitized quartz near the portal of the hanging-wall
incline. Monazite, columbite, and samarskite are minor associ-
ates of albite, and secondary bismuth minerals