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INTRODUCTION

Purpose of Investigation and Field Work

With the approval of the faculty of the Geology Department, 

University of Arizona, the writer chose the geological study of an 

area in the Chiricahua Mountains of southeastern Arizona» This thesis 

is to be submitted in partial fulfillment of the requirements for the 

degree of master of science.
The field work was done from June through September 1951, and 

later field and laboratory investigations were made during 1952 and 

1953. Aerial photos on a scale of I/696O were used as the base for 

field mapping. The geology was transferred to a section of the Coro

nado National Forest map (Chiricahua Division) which was enlarged by 

photograph to a scale of 1/6960. The contour lines were modified 

according to the mine and map elevations during the course of the 

mapping and transferring of the geology.

The underground geology was mapped on tracings of the mine level 
maps on a scale of 1 inches 50 feet and pantographed to a scale of 

1 inch* 100 feet for the final map. The underground mapping is the work 
of both the writer and K. G. Papke, his assigned partner and associate

in geology; whereas the geological interpretation is that of the writer.
. ■ c \ • •

The sections of the Naco limestone and Permian system were measured 

by Papke and the writer. The measurements were made with a 50-foot tape, 

and the strikes were read with a Brunton compass.



Summary of Previous Work

Few geologic studies or investigations have been undertaken in

the Chiricahua Mountains in the past. A general list of the work

pertaining to the northeastern area of the range follows:

Gilbert, G. K., 1875, Report on the geology of portions of Nevada, 
Utah, California, and Arizona, U.S. Geographic Survey Vest of 
100th Meridian, pp. 507-513• Gilbert passed through the 
northern Chiricahua Mountains with the Wheeler Expedition and 
advanced a theory on their structure.

Durable, E.T., 1901, Notes on the geology of southeastern Arizona: 
Am. Inst. Min. Eng. Trans., vol. 31, pp. 696-715. Durable men
tioned the Chiricahua Mountains in a reconnaissance report.

Paige, Sidney, 1909# Marble prospects in the Chiricahua Mountains, 
Arizona: U.S. Geol. Survey Bull. 380, pp. 299-3H. Paige des
cribed several marble prospects including the Cochise Marble 
Placer (patented) in East Vhitetail Creek, one mile northwest 
of the area mapped.

Badger, S.S., 1911, The Chiricahua Mountains: Eng. and Min. Jour.,
vol. 91, p. 663. Badger reported on the raining history of the 
Chiricahua Mountains.

Schwennesen, A.T., 1917, Ground water in San Simon Valley, Arizona 
and New Mexico: U. S. Geol. Survey Water-Supply Paper 425, 
pp. 1-35. Schwennesen wrote on the groundwater conditions in 
the San Simon Valley and the east margin of the Chiricahua 
Mountains.

Huntoon, L.D., 1919, Private report to the Hilltop Extension Mining 
Company. Huntoon made a geological report on the Hilltop Ex
tension properties.

Berkey, C.P., 1920, Private report to the Hilltop Metals Mining
Company. Berkey made a complete geological report on the main 
Hilltop mine and adjacent area.

Sarle, C.J., 1922, Sketch of geology of Dos Cabezas, (abstract):
Science, new ser., vol. 55, p. 554. Sarle mentioned the Chiri- 
cahua Mountains when discussing the structurally related Dos 
Cabezas Mountains to the northwest. Sarle1s reconnaissance 
map of both ranges on a scale of 1/125000 was later incor
porated in the geological map of Arizona. A copy of this map 
was made available to the writer.



Stoyanow, A.A., 1926, Notes on recent stratigraphic work in Arizona: 
Am. Jour. Sci., 5th ser., vol. 12, pp. 311-32A.

----------------1936, Correlation of Arizona Paleozoic formations:
Geol. Soc. America Bull., vol. 47, pp. 459-540.
Stoyanow mentioned -the Upper Mississippian Paradise formation and 
fauna found on the eastern margin of the Chiricahua Mountains.

Barton, N.H., 1933, Guidebook of the western United States, part F: 
U.S. Geol. Survey Bull. 845, pp. 169-171. Barton discussed the 
Chiricahua Mountains and presented a cross section of the eastern 
flank near Portal, Arizona.

Hernon, R.M., 1935, The Paradise formation and its fauna: Jour.
Paleontology, vol. 9, PP« 653-696. Hernon completed a thesis 
and report on the Paradise formation and fauna.

Maxwell, R.A., 1941, Report to the National Park Service on the
Chiricahua National Monument. Maxwell, regional geologist for 
the Park Service,reported on the Chiricahua National Monument 
which is northwest of the Hilltop mine area. The report included 

' a reconnaissance map of the northern area of the Chiricahua 
Mountains.

Schmitt, Harrison, 1950, Private report to -American Zinc, Lead and 
Smelting Company. Schmitt made a geologic report on the under
ground workings of the Hilltop mine.

. . . . .  ■ .

Papke, K.G., 1952, Geology and ore deposits of the eastern portion 
Hilltop mine area, Cochise County, Arizona, Univ. Ariz., thesis, 
99 pp. Papke completed a thesis on the surface and underground 
geology of the eastern portion of the Hilltop mine area.
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Geography

Location

The Hilltop mine area (PI. XII, A) is in the Chiricahua Mountains 

in the extreme southeast corner of Arizona. The mine is in the north

east area of the mountains.
The area mapped, Ig- miles by 2|- miles in size, is in the Cali

fornia Mining District and includes parts of Sections 27, 28, 29, 32, 

33, 34, and 35, T. 16 S., R. 30 E., and parts of Sections 4 and 5,
T. 17 S., R. 30 E., Gila and Salt River principal meridian and base 

line. The area lies along the main mountain ridge extending in a 

general northwest-southeast direction and wholly within the Chiri

cahua topographic sheet of the San Simon Quadrangle, United States 

Geological Survey. The sketch map. Figure 1, shows the location of 

the Hilltop mine area.
Hilltop, a small rural community located at the southeast corner 

of the thesis area, is 26 miles from Rodeo, New Mexico, a station on 
the Southern Pacific Railroad and first town on U. S. Highway 80 going 

east in New Mexico. An improved gravel road leaves U. S. Highway 80 

two miles east of Rodeo, passing through Portal, Arizona, and on to 

Hilltop. An alternate route to the mine is through San Simon, Arizona 

located on State Highway 86 and the Southern Pacific Railroad. An 

improved gravel road branches off State Highway 86 two miles east of 

San Simon at the State Checking Station. This road leads 26 miles to 

the Hilltop mine.
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Climate

This area of southeastern Arizona is a semi-arid region. The 

ranges have a partly humid, continental climate of mesothermal charac

teristics (Sauer, 1930, pp. 339-414)• One-half to three-quarters of 

the annual rainfall comes in the months of July, August, and September 

and is of the thunder-shower type. A minor secondary maximum occurs 

in winter, one-fourth to one-fifth of the annual precipitation falling
i ’ ■ ■ • : . ; '

at this season with light snows.
The large daily temperature ranges which occur are almost equal 

to the average annual range in amount. At the Chiricahua National 

Monument Weather Station, northwest corner of the thesis area, alti

tude 5300 feet, the annual range is 34°• The mean difference be

tween the daily maximum and minimum is 34° in January and 32° in 
July (Weather report of Chiricahua National Monument Station, 1950). 

These changes result in active mechanical weathering. The average 

annual temperature for 1950 was 60.2° with a maximum of 99° and a 
minimum of 22° at the weather station.

I
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GEOLOGY

Summary

The Hilltop mine area contains rocks ranging in age from Cambrian 

through Quaternary. The mountain range represents a partially eroded 
series of tilted fault blocks. The blocks are cut by a great variety 

of igneous intrusions and in places are covered by later lava flows and 

volcanic tuffs. The mine area is within one of these fault blocks 

called the "Hilltop block."

The thick Hilltop Paleozoic sedimentary section is faulted, folded, 

intruded, and metamorphosed. The Hilltop section is correlated with the 

stratigraphic section at Bisbee, Arizona, as described by Ransome (1904, 

pp. 2-4) and other Paleozoic sections of southeastern Arizona described 

by Stoyanow (1936, pp. 459-540). The oldest known rock of southeastern 

Arizona, the Pinal schist, is not exposed in the area mapped; but is re

ported by Sabins (September 1953> oral communication) in the Apache 

Pass area, which is 15 miles northwest of the Hilltop mine area. The 

oldest formation in the area mapped is the Bolsa quartzite of upper 

Middle Cambrian age. The streaked, unfossiliferous Middle and Upper 

Cambrian Abrigo limestone overlies the quartzite. These formations are 
followed in order by the Upper Devonian Martin limestone. Lower Mississip- 

pian Escabrosa limestone. Upper Mississippian Paradise formation, and 

Pennsylvanian Naco limestone. The lower Paleozoic beds through the
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Escabrosa limestone in the northeast comer of the "Hilltop block" 

are" overturned. The dropping of the block plus the pressure of the 

large igneous intrusions-on this border overturned these beds. The 

Paradise formation of Upper Mississippian age occurs as an isolated 

outcrop near the southwest comer of the area, but on the northeast 

side of the range-.this formation is faulted out of the sequence, v The 
Naco limestone beds dip generally 50° to the southwest and strike 

parallel to the main ridge.
The next beds in sequence are the three members of the Permian 

formation, consisting.of the lower limestone member;(Footwall limestone), 

the Hilltop quartzite, and the upper limestone member (Hanging-Wall 

limestone). The Hanging-Wall limestone, a very resistant massive 

bed, forms the main ridge throughout the area mapped. These, beds 

are overlain by limestone conglomerates, shales, and sandstones of 

the Cretaceous (?) period.

The western edge of the "Hilltop block" is covered by rhyolitic 

lava flows of Tertiary (?) age. The sedimentary beds in the southwest 
comer of the area dip 24o-50° southwest. The total sedimentary se
quence probably measures 6000 feet in thickness. The sedimentary beds 
are cut by numerous intrusives in the forms of a stock, dikes, and sills. 

The intrusives are the upward or outward extensions of a still larger 

bathylithic igneous mass underlying the whole district. The igneous 

intrusives have greatly metamorphosed the limestones, shales, and mud

stones of the lower units. Complete beds of shale or mudstone have 

been altered to very dense homfelses. In other places metamorphism 

has converted entire beds into massive marble and in others completely



silicated the rock. The metamorphism is more prevalent from the 

Cambrian through the Mississippian beds "with less change in the 

..upper beds of the "Hilltop block." Quaternary alluvium deposits 

occur on the eastern edge of the block on khitetail Greek "where it 

joins "with the "Hilltop block" drainage (PI, I).

The northeast-southwest pressure on the block has resulted in 

small thrust faulting and overriding of competent or hard beds over 

weaker ones along bedding-plane faults. The igneous intrusions add 

to the complexity through metamorphism. Cross faulting developed 

especially in the brittle Hilltop quartzite, and the breaks of this 

type seem to be of particular importance in connection.with the ore 

deposits. Some of the ore deposits are localized at the intersec

tion of these .cross faults and the hanging wall of the Hilltop quart 

zite. The Blacksmith and Eureka faults are of the general orogenic 

period and are the main ore channels. '
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Sedimentary Rocks

Bolsa quartzite; " '

The Boise quartzite of Middle Cambrian age is the - oldest of the 

sedimentary formations. The type section is described by Ransome (1904., 

p. 3) at Bisbee as a thin-bedded, vitreous, cross-bedded quartzite,

430 feet thick. The Bolsa quartzite is "widespread throughout south

eastern - and central Arizona to the headwaters of the Tonto Basin (Stoya- 

now, 1936, p. 474)•
The Bolsa quartzite has been correlated with the Troy quartzite 

of the Santa Catalina Mountains. Formerly considered a part of the 

Apache group, the Troy quartzite has been separated from that group be

cause it carries Cambrian fossilsj and, also, because it underlies 

younger Cambrian strata conformably and overlaps the members of the 

older Apache group.

In the area mapped two small outcrops of Bolsa occur along the 

eastern edge of the "Hilltop block." The north outcrop on the west 

side of East Whitetail ^reek has been faulted and intruded. The base 
of the Bolsa is not exposed in the area studied. The other outcrop is 

on the east side of East Vhitetail Creek. The light-gray quartzite in 

these outcrops is fine grained, hard, and vitreous. The average thick

ness of the obscure beds is about 4 feet. The formation appears to be 

variable in thickness, but at the west exposure there is a thickness of 

about 400 feet. This quartzite was identified as Bolsa by its strati

graphic position and lithologic characteristics.
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Abrigo limestone

: Conformably overlying the Bolsa quartzite is a measured thickness 

of 288 feet of the Middle and Upper Cambrian Abrigo limestone, con

sisting mainly of soft, slope-forming, thin-bedded limestone. The type 

section as described by Ransome (1904, p. 3) at Bisbee is thin-bedded, 

cherty, dark greenish-yellow shales and limestones. It is distinguished 

by its thin bedding and by a conspicuous laminated structure produced 

by alternation of thin irregular sheets of chert with layers of gray 

limestone.

The Abrigo limestone crops out in the northeast corner of the 

area forming gentle, rubble-covered slopes bordering East Uhitetail 
Creek. These beds strike N. 50° V. and dip 60o-S0° ME. The beds on 
this margin of the"Hilltop block" have been overturned by the pressure 

of the igneous intrusions and the block faulting.

In the Hilltop mine area the Abrigo was identified by the charac

teristic laminated weathering (PI. XII> B) produced by the alternating 

sheets of chert with the gray limestone and its stratigraphic position. 

No fossils were collected from the Abrigo limestone.

The following section was measured on the slope above the north 

outcrop of the Bolsa quartzite on a general southwest bearing along 
Line A-B (PI. I);
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Abrigo Limestone Sequence

Upper Devonian, Harbin limestone 

Upper Cambrian, Abrigo limestone

Feet
7. Limestone: . light- to dark-grayj aphanitic to fine-grainedj 

thin-bedded, forms slope; weathers to light gray 
to light-yellow brown; some edgewise conglo
merate near top ..............................  8

6. Limestone: white, light-gray, with yellowish-orange streaks;
. - . fine-grained, thin-bedded, forms slope; weathers

rough to light gray and yellowish orange; recrys- 
tallized, metamorphosed with some light-gray, 
white, and pale-pink laminations .............  54

5. Limestone: light-gray, fine- to medium-grained; thin-bedded,
; ■ ; forms slope; weathers light brown having irre

gular streaks of chert separated by one-fourth to 
; . one-half inch layers of light-gray limestone; few

calcite streaks and some recrystallization .... 55

4. Limestone: white, light-gray, light-yellow, fine-grained,
thin-bedded, forms slope; weathers rough to dark 
gray .........................................  43

5. Limestone: white, grayish-orange pink to medium light-gray
in color; fine-grained, thin-bedded, forms slope; 
weathers rough to pale yellowish brown; very are
naceous ............ .......................... 35

2. Limestone: white, light-gray, fine-grained, thin-bedded,
poorly exposed, forms rubbly slope; weathers 
medium gray with streaks of light-brown color 
and chert ribs; metamorphosed with some inter- 
bedded thin hornfels beds which are 5-10 feet
thick .........................................  72

!• Concealed ................................................ 21

Total measured Abrigo limestone 

Middle Cambrian, Bolsa quartzite
288



Martin limestone

The Martin limestone of Upper Devonian age overlies the Abrigo 

limestone in the Hilltop mine area, cropping out in the northeast 

area to form gentle slopes partly covered by rubble. The beds 
which strike N. 45° ¥. and dip 60o-80° HE. are medium light-gray 

limestones and white to pale yellowish-orange homfelses.

The Martin limestone has been described by Ransome (1904, P«3) 
as consisting of dark-gray, hard, compact limestone in moderately 

thick beds with some slabby and calcareous members, particularly in 

the lower part. Associated with the dark limestone are a few beds of 

a lighter hue. Ransome measured 300-350 feet of Martin limestone at 

Mt. Martin, Bisbee.

In the Hilltop mine area a 328-foot section of the Martin lime

stone was measured. The unit is medium to thick bedded, arenaceous, 

and calcareous in zones and weathers very rough near the top of the 

formation. The Martin limestone stratigraphically overlies the 
typically thin-bedded, cherty limestone of the Cambrian Abrigo and 

underlies the massive Mississippian Escabrosa limestone.
The metamorphism of the strata has converted the shales and mud

stones into hornfelses and destroyed most of the fossils. Therefore 

the reef characteristics of the Martin limestone at Bisbee were not

seen in this formation.
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The following section was measured along Line A-B (PI. I):

Martin Limestone Sequence

Mississippian, Escabrosa limestone 

Upper Devonian, Martin limestone

Feet
3. Limestone and homfels: pale, yellowish-orange, medium

grained, thick-bedded, arenaceous, forms slope; 
weathers rough to light yellow; inclusions of 
dark-gray dolomitic limestone near top; some 
metamorphism to hornfels; crinoids ......... .. 88

2. Hornfels: white, medium- to coarse-grained; thick-bedded,
siliceous, forms slope; weathers rough to pale 
yellow orange and light gray; metamorphism has 
silicated this zone .......... ................ 37

1. Limestone and hornfels: medium light-gray, aphanitic to
fine-grained; thin- to medium-bedded; forms slope; 
weathers rough in ridges and vuggy to pale yel
lowish-orange color; siliceous white streaks.
arenaceous, poorly exposed .................... 203

' Total measured Martin limestone .... ......................... 328

Upper Cambrian, Abrigo limestone

Escabrosa limestone

The Escabrosa limestone of Lower Mississippian age conformably 

overlies the Devonian Martin limestone in the area. The Escabrosa lime

stone is thick-bedded, white to dark-gray, granular limestone and in 

places is made largely of fragments of crinoid stems. Zones in the 

formation have been recrystallized to massive marble. The Escabrosa
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limestone crops out as steep slopes and jagged crests on the north

east trending ridges, extending from the main northwest ridge line.

The formation generally strikes N. 45° W. and dips 60o-50° ME. Sev

eral horizons of poorly preserved Svringopora were found. The Esca- 

brosa limestone has a measured thickness of 825 feet.

The Escabrosa limestone as described by Eansome (1904, p. 4) at 

Bisbee is rather thick-bedded, white to dark-gray, granular lime

stone which is made up largely of fragments of crinoid stems. It 

differs from Martin limestone in its lighter hue, thicker beds, and 

greater tendency to form cliffs. The Escabrosa has a maximum thick

ness of 800 feet and thins to 600 feet in the Bisbee area. The for

mation as a whole is a pure non-magnesian limestone containing prac

tically no arenaceous sediments and only a few nodules of chert in 

the upper part. Correlation of the Escabrosa limestone in the Hilltop 

area was by its stratigraphic position and lithologic characteristics, 

as there were very few fossils.

In Hilltop recrystallization of the limestones has taken place 

throughout the formation, forming massive marble beds and zones.

These marble zones are of wide extent and persist long distances.

This metamorphism may be adequately accounted for as resulting from 

the effects of heat and vapors emanating from intrusive masses under

lying the area. The process resulted in a complete recrystallization 

of the limestone and a change in color, generally from gray to white, 

and a segregation of the carbonaceous matter to form fine markings.

The altered zones are extensive beds within the limestone strata and 

conform in dip and strike to the limestone.
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The following section was measured along Line C-D (PI. I). The 

section starts on the ridge northwest of the Morrow group of prospects 

and follows the ridge in a southwestern direction, ending at the 

poorly exposed Naco limestone fault contact; therefore it is not a 

complete section of the Escabrosa limestone.

Escabrosa Limestone Sequence

Pennsylvanian, Naco limestone

Fault contact, fault breccia

Lower Mississippian, Escabrosa limestone

Feet
10. Limestone and homfels: white to light-gray; coarse

grained, thick-bedded, forms ridge; weathers 
to light gray; recrystallized limestone to 
massive marble; little sand ...... ........ 57

9. Limestone: medium to dark-gray; fine- to medium-grained;
thick-bedded, forms steep slope; weathers to 
light gray and brown; some iron stain, some
recrystallization in thin ridges .........  25

8. Hornfels: light-gray, aphanitic, thin-bedded, poorly
exposed, metamorphosed bed ....... ........ 16

7. Limestone: white to light-brown; medium-grained, thin-
bedded, arenaceous, forms ridge; weathers to 
light gray and light brown; sandy streaks in 
recrystallized limestone .................  56

6. Limestone and homfels: light-gray, fine, interbedded
homfels; medium-grained, thin-bedded, forms 
steep slope; weathers light gray, recrystallized 
limestone ................. ............ 39

5. Limestone: white, medium- to coarse-grained; thick-
bedded, forms ledge; weathers light gray; 
recrystallized limestone 33
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Feet

4. Limestone: white to light-gray; medium- to coarse-grained;
thick-bedded, massive, forms cliff; weathers to 
light gray and light brown; contains light-gray 
chert as irregular lenses 4 feet by 5 inches 
and nodules; weathers light gray in lower beds 
and light, streaked brown in upper beds; 
recrystallized limestone ....................  83

3. Limestone: white, coarse-grained, thick-bedded, massive,
forms cliff; weathers to light gray and light 
tan; recrystallized limestone ..... .......... 142

2. Limestone: white to light-gray; medium-grained, thick-
bedded, massive, forms slope; weathers to light 
gray in lower beds and darker gray in upper 
beds; lower beds very cherty, grading into 
white and light-gray, non-cherty, recrystal
lized limestones in upper units .............  181

1. Limestone: white to light-gray; medium-to coarse-grained;
thick-bedded, massive, forms slope; weathers to 
light brown, white, and light gray; zones of 
recrystallized limestones; poorly exposed .... 193

Total measured Escabrosa limestone ........ ............. 825

Devonian, Martin limestone

Paradise formation

The Paradise formation of Upper Mississippian age has been found 

along the eastern flank of the Chiricahua Mountains and first described 

by Stoyanow (1926, pp. 316-318). The basal member is somewhat similar 

to the Escabrosa limestone; but the upper members are markedly differ

ent, both lithologically and paleontologically, from anything elsewhere 

described from the Carboniferous system of Arizona. The upper members 

consist of black and gray, moderately thick- and thin- bedded crystal
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line limestones, olive green and. yellow when weathered. These lime

stones alternate with sandstone, shale, oolite, cross-bedded calca

reous sandstone, and arenaceous limestone. The preponderant color is 

distinctly yellow; so much so, that when looked upon at a distance, it 

appears as a yellow band between dark beds of the underlying Escabrosa 

and higher Naco.

In the Hilltop mine area an isolated outcrop of the characteristic 

olive-green and yellow-weathering, thin-bedded limestones, shales, and 

sandstones occurs in the extreme southwest corner of the area, approx

imately 1500 feet southwest of the Kasper tunnel and along the Hands 

Pass road. This limestone has a characteristic fauna, identified by 

Stoyanow (1951, oral communication) as Archimedes, accompanied by frag

ments of a diminutive brachiopod. Consequently, the formation was iden

tified as the Paradise. This formation is underlain by Cretaceous (?) 

sediments, so appears to be a klippe, erosional remnant of a thrust 

block. The formation is mainly in the adjacent area where Papke (1952, 

p. 17) measured a 225-foot thickness of the formation.

On the eastern slope of the main ridge no outcrops of the Para

dise formation were found. The Naco limestone overlies the Escabrosa 

limestone, and the contact is a fault which has faulted out the Para

dise formation. Small blocks of Paradise possibly occur along this 

fault contact; but due to the metamorphism, faulting, and poorly exposed 

contact, they were not identified as such.
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Naco limestone

Overlying the Escabrosa limestone is the Pennsylvanian Naco 

limestone. In the Bisbee region. Ransoms (1904* p. 4) originally des
cribed the Naco limestone as similar to the underlying Escabrosa lime

stone, but with bedding thinner and texture generally compact and nearly 

aphanitic. • Fossils, particularly brachiopods, are much more abundant in 

the Naco than in the Escabrosa limestone. Some thin beds with a faint 

pink tint occur at several horizons and are often a useful means of dis

tinguishing the Naco from the Escabrosa. Chert is common and occurs as 

irregular bunches and nodules and also in thin layers at Bisbee.

In the Hilltop mine area this description is roughly applicable to 

2240 feet of thin-bedded, fine-grained, light-gray limestones which in 

places are recrystallized to marble in massive zones. In other zones 

the beds have been metamorphosed to fine-grained homfelses as designated 

by Papke (1952, pp. 47-51)• The limestone beds contain Chaetetes mille- 

poraceus (PI. VII, A) starting approximately 300 feet above the base and 

continuing vertically for 500 feet. Near the middle of the formation, 

there is a persistent coral bed of Campophyllum and Lophophyllum cup 

corals and many fusulinids extending throughout the area mapped. The 

upper beds have a silicified fusulinid of a larger size tentatively 

identified as Triticites by Cooper (E. D. McKee, 1952, oral communication). 

These characteristics make possible the correlation of this formation 

with the original Naco limestone of Ransome at Bisbee.
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The Naco limestone forms most of the eastern slope of the main 

ridge, generally striking N. 45° V* and dipping 50o-70° SW. It 
forms the large secondary ridge line trending northeast from the 

Blacksmith adit workings.

Along line E-F (PI. I), the following section was measured on a 

general southwest bearing from a point 500 feet east of the Rehm adit 

portal to the Permian contact, 500 feet northwest of the east portal 

to the Kasper tunnel. This section of Naco limestone is not complete, 

since the lower contact is a fault and a low-angle fault cuts the 

formation near the upper part.

Naco Limestone Sequence

Permian Footwall limestone 

Igneous sill

Pennsylvanian Naco limestone

Feet
72. Limestone: light-gray to dark-brown; fine- to medium

grained; thin-bedded, poorly exposed and 
rubbly-covered surface; fusulinids 15 feet 
below top; intrusive not persistent and 
crops out occassionally along contact ........ 20

71. Limestone and hornfels: light- to medium-gray; aphanitic
to fine-grained; thin-bedded, flat bedding 
poorly exposed and weathers rough to dark 
gray and yellowish green; alternating beds' of 
hornfels and arenaceous limestone ....... . 95

70. Hornfels: light-gray, aphanitic, thin-bedded, forms
slope; weathers rough to pale yellow on 
weathered surfaces; some cross-bedded 
appearance ...... ........................... 238
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Feet
69. Homfels: light-gray, aphanitic, thin-bedded, forms slope;

weathers rough to gray and very pale yellowish 
green; varies from dense compact to calcareous 
and soft ...................................... 79

68. Limestone: very light-gray, fine-grained, thin-bedded,
massive, poorly exposed, weathers sugary white 
to light olive gray ........................... 4

67. Limestone: medium-gray, medium-grained, thin-bedded, forms
slope; weathers dark gray, some calcite ......  4

66. Limestone and hornfels: medium-gray, fine-grained, thin-
bedded, massive, forms slope; weathers to
medium gray and light brown with some iron
stain; 3-foot bed of hornfels at base ..... . 8

65. Limestone: white to light-gray; fine- to medium-grained;
thick-bedded, massive, forms ledge; weathers
smooth to medium gray ..................... . 48

64. Hornfels: light-gray, aphanitic, dense, compact, and
poorly exposed ................ ............... 2

63. Limestone: white to light-gray; fine-grained, thick-
bedded, massive, weathers smooth to gray .....  60

62. Hornfels: medium light-gray, aphanitic, massive, poorly
exposed, weathers to yellowish gray; dense 
and compact  .... ......................... 4

61. Limestone: light-gray, fine-grained, massive, forms
ledge; weathers light gray to orange .........  10

60. Hornfels: light-gray to brownish-black; contains some
epidote, magnetite, and garnet; massive, forms 
slope; weathers to yellowish gray; 15 feet of 
typical hornfels at base; then 5 feet of black, 
dense, aphanitic rock; and 5 feet of light-tan 
rock with contact minerals .................... 25

59- Igneous sill
Andesite porphyry

58. Homfels: medium light-gray, aphanitic, massive, poorly
exposed, weathers to yellowish gray; 1 foot up 
from base is 5 foot-band of medium dark-gray, 
fine-grained limestone with metamorphic 
minerals .... ................................. 9
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57. Limestone:

56. Homfels:

55. Limestone:

54* Limestone:

53* Limestone:

52. Homfels:

51. Limestone:

50. Homfels:

49* Limestone:

48. Homfels:

47. Limestone:

medium- to dark-gray; fine-grained, thin- 
bedded, massive, forms ledge; contains few 
inclusions of pyrite; weathers to medium dark 
gray; contains poorly silicified fusulinids; 
arenaceous, iron-stained limestone ..........

medium light-gray, fine-grained to aphanitic; 
poorly exposed, weathers to pinkish gray; 
fairly hard and friable .... ................
light-gray, fine- to medium-grained; thin- 
bedded, massive, forms ledges; weathers 
medium light gray ...........................

medium dark- to light-gray; fine-grained, 
thin-bedded, massive, forms slope; arenaceous, 
weathers light gray; contains fusulinids and 
unidentifiable silicified brachiopod fragments 
near top; chert nodules 3 inches long near 
top; middle unit iron stained ..............
medium light-gray, fine-grained, thin-bedded, 
massive, forms slope; weathers to medium dark 
gray; chert stringers, fragmental ........ ..
medium light-gray to greenish- and brownish- 
gray; aphanitic, thin-bedded, massive, forms 
ledge; weathers vuggy to olive gray ........

light-gray, medium- to coarse-grained; thin- 
bedded, massive, forms ledge; weathers 
darker gray; contains some epidote and iron; 
recrystallized limestone ...................

light-gray, aphanitic, very poorly exposed, 
weathers in small slabs to pale yellowish 
orange; hard, dense, conchoidal fracture; 
slight effervescence with HC1 acid ..........

light-gray, medium-grained, thin-bedded, 
massive, weathers dark gray; contains some 
epidote and iron; recrystallized ..... ......

light-gray, aphanitic, very poorly exposed, 
weathers yellowish orange; hard, dense, con
choidal fracture; slight effervescence with 
hydrochloric acid ................. .........

light-gray, fine-grained, sugary, massive, 
poorly exposed, weathers darker to a medium 
light gray .... .............................

27

4

51

36

5

8

17

16

23

46

7



24
Feet

46. Hornfels: light-gray to light-gre'enish-gray; aphanitic,
very thin-bedded, foras ledge; weathers to 
pale yellowish orange to light gray; con
tains some epidote .................

45* Limestone: light-gray, medium-grained, thin-bedded,
massive, poorly exposed, forms slope; 
weathers to medium light gray with some iron 
stains; low-angle fault in unit ...........

44* Hornfels: light-gray to light-greenish-gray; aphanitic,
very thin-bedded, forms ledge; weathers to 
pale yellowish orange to light gray; contains 
some epidote ...............................

43. Limestone: light-gray, medium- to coarse-grained; thin-
bedded, massive, forms ledge; weathers darker 
to medium light gray; recrystallized aggre
gates of calcite and some 1-foot seams of 
aphanitic, greenish-gray to brownish-gray 
silicified limestone .................*.....

19

51

36

16
42. Hornfels: light-brown to gray; aphanitic to fine

grained; massive, poorly exposed, weathers 
slabby to a grayish orange; contains banding 
of lighter brown material ...................

41. Limestone: light-gray, coarse-grained, thin-bedded,
massive, poorly exposed, forms slope; weathers 
crumbly to medium gray; recrystallized to a 
coarse-grained marble .......................

40. Limestone: medium dark-gray, fine-grained, thin-bedded,
massive, forms slope; weathers light gray; con
tains few chert stringers ..................

39. Hornfels: light-brownish-gray to light-gray; aphanitic,
thin-bedded, massive to flat; forms ledge; 
weathers blocky to a pale yellowish orange; 
dense, hard, with greenish-gray streaks and 
small masses ...............................

38. Limestone: light-olive-gray to dark-gray near top; fine
grained, thick-bedded, massive, forms ledge; 
weathers to light and medium gray .........

37. Hornfels: light- to medium light-gray with some narrow
greenish-gray bands; aphanitic, thick-bedded, 
massive, forms ledge; weathers blocky to a 
grayish orange with iron stains; very hard, 
dense, compact, slight effervescence in 
hydrochloric acid ........... ..............

16

5

12

34

9

26
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36. Limestone: medium light-grey to white; fine-grained,

thick-bedded, massive, forms dip slope; 
weathers medium dark gray with iron stains; 
several layers black chert ....... .......... 11

35. Limestone: light-gray, medium-grained, thick-bedded,
massive, forms ledge and dip slopes; 
weathers medium dark gray with some iron 
stains; some zones recrystallized to 
massive marble ........... .................. 28

25

34-• Homfels:

33. Limestone:

32. Homfels:

31• Limestone:

30. Hornfels:

29• Limestone:

28. Homfels:

light-gray to light-greenish-gray; aphanitic, 
thick-bedded, massive, forms ledge; weathers 
yellowish gray with some case hardening indi
cated around edges; several beds more crys
tallized and green; most beds soft with hard 
greenish-gray interbedded layers ...........

white, medium-grained, thick, massive, forms 
slope; weathers to medium gray; top of unit 
gnarly with few chert stringers ..... .....

very light-gray to greenish-gray; aphanitic 
to fine-grained; thick-bedded, massive, forms 
slope; weathers yellowish- gray; unit is 
metamorphosed ..............................

medium dark-gray, fine-grained, thick-bedded, 
massive, forms slope; weathers to medium 
gray; few calcite stringers ................

light-gray, aphanitic, thick-bedded, massive, 
forms ledge; weathers streaky, medium gray; 
unit is locally intruded and recrystallised 
in certain zones to medium-grained hornfels; 
4-foot bed of dark iron-stained material 8 
feet above base; dense, compact ............

very light-gray, medium-grained, thick-bedded, 
massive, forms slope; weathers crumbly to light 
gray and iron stained; sugary, unit recrys
tallized; calcite stringers .................

medium light-gray to pale-blue; aphanitic, 
thick-bedded, forms slope and ledge; weathers 
to yellowish gray; dense, hard, conchoids! 
fracture; weak effervescense ...............

27. Limestone: medium dark-gray, fine-grained, thin-bedded,
massive, forms slope; weathers medium gray; 
unit has silicified crinoid stems arid fusu- 
linids; abundant calcite, few chert nodules 
and stringers center of unit ....... ......

45

15

8

6

42

8

31

27



26. Limestone: white to medium light-gray; medium- to
coarse-grained; thick-bedded, massive, 
forms slope; weathers medium gray with 
green stains; abundant calcite banding 
with a dark band near middle .......

25* Limestone: dark-gray, fine-grained, thin-bedded,
massive, forms slope; weathers streaky, 
medium gray; intruded locally; unit is 
recrystallized to white medium-grained 

- marbleized limestone ....... .........

24« Limestone: white to light-gray; coarse-grained, thick-
bedded, massive, forms ledge; weathers to 
medium light gray; unit friable and coarse; 
few chert stringers ........ ........

23• Limestone: medium light-gray, fine-grained, thick-
bedded, massive, arenaceous, forms ledge; 
weathers to streaky medium dark gray; some 
calcite stringers; 1-foot band of iron- 
stained hornfels at base .......... ......

22. Limestone: medium light-gray, medium- to coarse-grained;
very thick-bedded, massive, arenaceous in 
spots; weathers crumbly to dark gray; iron- 
stained, crinoid stems near base ..........

21. Limestone: dark-gray to greenish-blue; aphanitic to
fine-grained; very thick-bedded, arenaceous, 
forms ledge; weathers medium dark gray with 
sandy streaks; silicified fusulinids near top 
of unit; silicified corals in 3 reefs in a 6- 
foot zone 42 feet from top of unit; abundant 
calcite stringers and nodules .............

20. Limestone: white to medium light-gray; medium- to
coarse-grained; thick-bedded, massive, forms 
slope; weathers to sandy, streaky, medium dark 
gray; recrystallized to marble ...........

19. Hornfels: light-gray to greenish-gray; thick-bedded,
massive, poorly exposed, weathers to medium 
yellowish brown to dark yellowish orange as 
nibble-covered slope; some beds show case 
hardening .................................

18. Conglomerate: light-gray to yellowish-gray; weathers to
medium gray; forms slope; matrix: greenish-
gray clay; gravel: average 2 cm in diam., 
maximum up to 15 cm; subangular to rounded; 
composed of light-gray limestones to 
yellowish-gray limestones ...... ........

26
Feet

72

37

17

7

37

78

45

89

3
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17. Lime stone: white, fine-grained, thick-bedded, massive,
poorly exposed, weathers crumbly to a dark
gray; very fine-grained at base ............. 21

16. Limestone: light- to medium-gray; medium-grained, thick- 
bedded, massive, forms ledge; some beds re
crystallized and crumbly; black chert in 
small stringers and nodules top 6 feet; some 
iron staining ............................... 43

15• Limestone: light- to medium-gray; medium- to fine
grained; thick-bedded, massive, forms ledge; 
weathers to medium gray with green and brown 
stains of iron; somewhat metamorphosed near 
top to siliceous material ................... 30

14• Limestone: white to medium light-gray; medium-grained, 
thick-bedded, massive, calcite in irregular 
bands not on bedding; forms slope; weathers 
granular to a medium gray; some white to 
light-gray irregular nodules of chert 1 foot 
in diameter near top of unit ..... .......... 21

13. Limestone: white to light-gray; medium- to fine-grained; 
thin-bedded, massive, forms slope; weathers 
rough and granular to dark gray; some lighter 
beds near base of unit . *...... ............. 80

12. Limestone: white, medium-grained, thick-bedded, massive,
forms ledge; weathers medium gray; contains
white to medium-gray chert as stringers and
nodules 4-6 inches in diameter .............  25

11. Limestone: medium-gray, fine-grained, very thick-bedded,
flat, forms ledge; contains some calcite;
weathers medium to olive gray; few chert
lenses ...................................... 30

10. Limestone: white to medium-gray; fine-grained, thick- 
bedded, poorly exposed, weathers rough to a 
darker gray; some metamorphosed beds of fine
grained, light olive-gray homfels near mid
dle of unit; dark-green, poorly exposed in
trusive near top of unit .................... 20

9» Limestone: medium dark-gray, fine-grained, very thick- 
bedded, forms ledge; contains some calcite; 
weathers to medium dark gray ................ 28
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8. Limestone: white and blue-gray; thick-bedded, massive,
some caleite seams, forms ledges; weathers 
light to dark gray; some iron staining near 
middle of unit ...........................

7. Limestone: white to light-gray, medium-grained, thick-
bedded, massive, forms ledge; weathers 
crumbly to a medium light gray; three thin 
beds of dark brownish-green igneous rock 
near base; the unit metamorphosed to fine
grained, light olive-gray homfelses near 
top of bed ..............................

6. Limestone: medium dark-gray, fine-grained, very thin-
bedded, massive, forms ledge; contains some 
calcite; weathers dark gray .............

5. Limestone: very light-gray, fine-grained to aphanitic;
thick-bedded, massive, forms slope; weathers 
light gray; poorly exposed ................

4. Limestone: very light-gray, thick-bedded, massive, lower
unit forms slope and top of unit forms ledge; 
weathers light gray; streaks of silica near 
top of unit ............... ................

3. Limestone: light greenish-gray, aphanitic to fine-grained;
thick-bedded, gnarly, forms ledge; contains some 
metamorphic minerals; weathers vuggy to gray and 
grayish orange; mainly hard with some silica 
spots in unit .............................

49

62

8

22

10

8
2. Limestone and homfels: white to light-gray; medium

grained, thick-bedded, massive, forms ledge; 
weathers crumbly and sugary to a light gray; 
recrystallized limestone .... ................... 7

1 . Limestone: white, coarse-grained, thick-bedded, massive,
poorly exposed, forms slope; weathers light 
gray; recrystallized, metamorphosed limestone .••• 100

Total measured Naco limestone

Fault contact

Mississippian - Escabrosa limestone

2240
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H. R. Wanless (E. D.-McKee, Oct. 1951, oral communication) 

measured a section of unaltered Naco limestone across the foot

hills ridge of the Chiricahua Mountains about one mile northwest of 

the Portal schoolhouse in April 1949* The section showed the follow

ing distribution of fauna and lithology:

a. Near top - large fusulinids, Triticites ventricosus. in medium-
gray, aphanitic limestones, some chert nodules and
fossil debris

b. 200 feet below top - Syringopora and fusulinids

c. 1000 feet below top - silicified Lophophillids and Hustedia
with light-gray chert nodules

d. 1300 feet below top - Ghaetetes and Syringopora occurring for
about 600 feet

This section checks with the Naco limestone fauna in the Hilltop 

mine area. The faunal distribution is about the same as at Hilltop, 

but due to metamorphism the fossils are fewer and more silicified.

The Hilltop section has Ghaetetes milleporaceus 300 feet above the 

base. There are also some brachiopod fragments and Syringopora at 

this horizon. Above this the system has the corals, small fusulinids, 

and at the top the large fusulinids.

The following list is of the fossils identified in the Naco

limestone of the Hilltop mine area:

Ghaetetes milleporaceus 
Syringopora sp.
Camoophyllum sp.
Lophophyllum sp.
Spirifer sp. 
horn coral 
fusulinids 
crinoid stems
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Permian system

The Permian rocks in the Hilltop mine area consist of a lower 

limestone member (Footwall limestone), middle quartzite member (Hill

top quartzite), and an upper limestone member (Hanging-Wall limestone). 

These designations are field names and are not intended to be accepted 

as formational names.
The Pennsylvanian-Permian contact has a discontinuous greenish- 

gray, altered andesitic porphyry sill cropping out intermittently 

throughout the area at this horizon. Below this contact are the massive 

Pennsylvanian llaco beds interbedded with hornfelses and dark greenish- 

gray limestones containing abundant large fusulinids. Above the contact 

the Permian strata shows very little metamorphism in the thin-bedded 

limestones which contain a characteristic Permian fauna of gastropods, 

pelecypods, brachiopods, and soaphopods entirely different from the 

underlying llaco. The Permian system, comprising a sequence of 1185 

feet, conformably overlies the Naco limestone of the Pennsylvanian age.

Footwall limestone member

The Footwall limestone member thus arbitrarily is named in this 

report, as it is the term used by the mine to denote the limestone 

underlying the footwall of the Hilltop quartzite. This limestone mem

ber is predominately fine grained and thin bedded, varying in color from 

light to dark gray. The total thickness, as measured on a rubble-cov

ered outcrop, was approximately 480 feet.
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The lower 110 feet of the member contain no fossils, but fossils 

gradually increase in numbers toward the top of the formation. Stoya- 

now identified the fossils collected from this formation as typical 

Permian fauna. The middle part of the unit contains gastropods and 

fragments of brachi'opodsj and the upper part contains gastropods, brach- 

iopods, pelecypods and scaphopods.

The Footwall limestone member makes up the east slope below the 

cliffs. The cliffs are formed by the middle Hilltop quartzite member 

and the upper Hanging-Wall limestone member.

The main fossils identified in the unit are as follows:

(identification assisted by A. A. Stoyanow and D. L. Bryant)

Fossils - Footwall limestone member

Euomphalus sp.
Murchisonia sp.
Euphemites
Bellerophon sp.
Bucanopsis sp.
Haticopsis sp.
Orthonema sp.
Plagioglypta canna White
Mvalina sp.
Squamularia sp.
Hucula sp.
Spirifer sp.
crinoid stems

The Footwall limestone member is correlated with the Lower Permian (?) 

which has been referred to as ’’Manzano, V and more recently, Scherrer or 

Colina (E. D. McKee, 1952, oral communication). A comparable Permian 

unit is found in the Dragoon, Empire, Mule, and Swisshelm Mountains.
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According to Stoyanovr (1936, p. 474) every Paleozoic transgression 

started from the southeast and advanced northwest into Arizona. This 

area was one of the largest Permian limestone deposition areas in the 
Southwest. The deeper sea deposition went on from the Pennsylvanian 

into the Permian with only brief interruptions.

The following section was measured along line E-F (PI. I):

Permian Footwall Limestone Sequence

Middle Permian, Hilltop quartzite member 

Lower (?) Permian, Footwall limestone member

Feet
4* Limestone: medium- to light-gray with some pale-red and

olive arenaceous material near top; fine-grained, 
thin-bedded, massive, forms slope; weathers light 
gray and red to darker reddish brown; pink chert 
in lower 50 feet; fossil reefs of Euomphalus. 
Belleronhon. Spirifer (?), Plagioglypta canna .... 163

3. Limestone: light-gray to light olive-gray; fine-grained,
thin-bedded, massive, poorly exposed, forms 
slope; weathers to a rubbly mass of dark-reddish 
tinge to medium gray; alternating beds of lime
stone and dolomite with some arenaceous lime
stones; dark limestone has HgS; few fossils, 
unidentifiable brachiopods and gastropods ......  98

2. Limestone: light-gray; fine-grained, thin-bedded, massive,
forms slope; weathers medium gray; contains fos
sil fragments including unidentifiable small- to 
medium-size brachiopods and gastropods; some 
calcite streaks .................................110



• 1 . Limestone: medium- to dark-gray; fine-grained, very thin-
bedded, massive, very poorly exposed as it 
forms a slope; weathers crumbly to a lighter 
gray; unit is intruded locally by quartz

33
Feet

monzonite (?) porphyry near top ...............  109

Total measured Permian Footvall limestone ..................... 480

Basic igneous contact, discontinuous 

Pennsylvanian llaco limestone

Hilltop quartzite member

Overlying the Permian Footvall limestone member is the Hilltop 

quartzite member. The quartzite is a hard; fine- to medium-grained, 

vitreous, white to light-pinkish gray, angular rock in the upper part. 

In the lower portion, when not greatly metamorphosed, it is much finer 

grained and inclined to be shaly or limy with red and green phases. 

Occasionally, it is slightly cross bedded, massive to stratified.

The rock weathers rusty brown with local dark streaks and spots.

This quartzite is one of the most resistant beds in the area, 

so its surface exposures are typically bold and rugged. The member 

forms parts of the main ridge crest; but for a greater distance, it 

lies just below the crest on the east side of the ridge. It dips 

steeply to the southwest and strikes northwest.

The Hilltop quartzite, a 65-foot bed, is probably equivalent to, 

but much thinner than, the Permian quartzites of the northern Empire 

and Dragoon Mountain sections. In the northern Empire section, 700 

feet of quartzite occurs between 180 feet of underlying "Manzano”
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(E. D. McKee, 1952, oral communication) and 800 feet of "Snyder Hill." 
In the Dragoon section measured by Cooper (E. D. McKee, 1952, oral 
communication), the quartzite occurs between 130 feet of overlying 
Ocotillo, "Snyder Hill>:V and 690 feet of Scherrer limestone.

The Hilltop quartzite member has been extensively cross faulted 
and broken. The largest fault zone is the Blacksmith which has dis
placed the quartzite 900 feet horizontally. Numerous other cross 
faults cut this competent bed and provide excellent permeable and 
brecciated channels for the ore solutions. The ore was deposited 
in this quartzite along these cross faults. The underground map

;.-A

(PI. II) shows the relationships of the ore to the quartzite member.

Hanging-Wall limestone member
The Hanging-Wall limestone member of Permian age conformably over- 

lies the Hilltop quartzite member. The lower limestone beds of the 
unit make up the greater portion of the crest of the main ridge 
throughout the area mapped. These lower units of the member are 
characterized by pink chert in nodules and irregular masses. The 
upper beds form the southern slopes of the main ridge.

The member is about 627 feet thick and grades from a medium 
light-gray, fine-grained, massive cliff-former in the lower units to 
a lighter-gray, coarse-grained, medium-bedded, dip-slope forming 
limestone nearer the top. The lower part of the formation is sepa
rated from the upper units by an intraformation conglomerate made up 
of pebbles of the underlying limestone and chert. Typical Permian fos
sils occur above and below the conglomerate but with less chert and
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no productids above. The general attitude of the beds above are not 
very different from those below5 although the obscurity of the bedding 
in the underlying cherty limestone makes comparison somewhat difficult. 
This conglomerate is an excellent marker bed and can be traced along the 
west slopes of the ridge for a long distance. The best outcrop is 
along the southwest slopes near the Kasper portal. The conglomerate 
is ultimately lost in the crushed zones and thrust faulting at the 
northwest end of the block.

The basal unit has the characteristic Dictyoclostus occidentalis 
(Newberry) and Dictyoclostus bassi:McKee along with numerous gastro
pods, crinoid stems, and pink chert. The upper portion of the member 
has less chert, more recrystallization of the limestone, interbedded 
sandy layers, and limestone conglomerates. The upper beds also contain 
horn corals, crinoid stems, and brachiopods.

This member is possibly the one measured by Stoyanow (1936, p. 532) 
near Portal, Arizona, since he found the typical Dictyoclostus bassi 
McKee and other species that correlate to the Hilltop unit. As 
Stoyanow (1936) mentions in his paper, "Permian stratigraphic paleon
tology, both in Mew Mexico and in Arizona, has not yet reached the 
stage that warrants detailed and direct correlation."

The fossils found at Hilltop are typical of those found at "Snyder 
Hill," type locality of the Permian "Snyder Hill” formation, as desig
nated by Stoyanow (1936, p. 533). Further regional studies are 
necessary for the accurate correlation of these Permian formations 
in southeastern Arizona. J. E. Cooper (E. D. McKee, 19U9, written 
communication) of the U. S. Geological Survey has given new formational 
names to the Permian strata in the Dragoon and Little Dragoon Mountains.



H. R. WariLess (E. D. McKee, 1951, written communication) measured 
the Pennsylvanian Naco limestone and the lower part of the Permian 
near Portal in the Chiricahua Mountains. Wariless stated that the 
Lower Permian beds probably belonged in the Scherrer or perhaps 
Colina formations of the Little Dragoon Mountains. Yfanless* section 
checks in general with the Hilltop mine area section, so probably 
the Footwall limestone member can be correlated to the Scherrer or
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Colina formations



Summary of Hanging-Wall.limestone fossils 
(Identification assisted by D. L. Bryant)
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Dictyoclostus bassi McKee 
Dictyoclostus occidentalis (Newberry) 
Composita sp« .
Meelcella sp.
Avonia sp.
Punctospirifer sp.
Squamularia sp.
Hustedia mormoni (Marcou)
Pecten (?) sp.
Murchisonia sp.
Euomphalus sulcifer Girty 
Bellerophon sp.
Orthonema sp.
Waagenoconcha (?) sp. 
Pseudozygopleura sp.
Goniasma sp.
Aclisina (?) sp.
Glabrocingulum sp.
Gladochonus (?) sp.
Plagioglypta canna White 
Hhombopora sp.
Batostoma (?) sp.
Lophophyllid corals 
Archaeocidaris spines and plates 
Crinoid stems

Cretaceous (?) strata

In the southwest corner of the area, unconformably overlying the 

Hanging-Wall limestone member of Permian age, is a series of limestones, 

shaly limestones, and sandstones interbedded with limestone conglomerates. 

The basal limestone conglomerate (PI. VII, B) along the measured section 

and line E-F (PI. I) is 10-20 feet thick vdth 1-7-inch cobbles and pebbles 

in a limy matrix. The conglomerate is red in places, elsewhere yellow 

and sandy. The conglomerate contains fragments of fusulinids, gastropods.
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and pink chert. Below the conglomerate are light-gray, fetid lime

stones with a characteristic Permian fauna. Overlying the conglomerate 

are thin-bedded, yellow-streaked, arenaceous limestones with interbedded 

shales. No fossils were found in these upper beds. :

• : - In the Dragoon Mountains to the west Cederstrom (1946, p. 26) des

cribed the Permian-Cretaceous contact as follows: "The base of the

Mesozoic is marked by a limestone conglomerate which lies unconformably 

on Paleozoic limestones.” In the Dragoon Mountains the conglomerate 

was made up of well-rounded, gray, light-blue Paleozoic limestone cobbles 

up to 6 inches in diameter in a limy matrix. The contact in the Ghiri- 

cahua Mountains is quite similar, but the conglomerate is thinner, 10-20 

feet thick contrasted to 100 in the Dragoons.

Upper units in the formation contain many intraformational conglo

merates interbedded with the limy and sandy beds. No fossils were found 

in these beds. The beds are brown and yellow, thin-bedded, shaly sands, 

and in places, limy sands that change in quality abruptly with numerous 
repetitions of similar types (PI. VIII, A). No accurate measurements 

were made, but the general surface outcrop shows some 3000-4000 feet 

of these beds may occur southwest of the Hilltop mine area.

The Cretaceous beds which are cut by numerous dikes showing only 

local contact metamorphic effects are not nearly so modified as are the 

underlying Paleozoic series. No attractive mineralization is evident 

in these formations, and only locally is a fracture slightly mineralized.
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Quaternary alluvium . .

Quaternary alluvium is deposited in the extreme northeast comer 

of the Hilltop mine area along East 'Whitetail Greek and below the 

Hilltop mine camp. The alluvium is composed of sand, pebbles, and 

cobbles of local origin up to 2 feet in diameter. The deposit has 

been eroded away in certain places exposing 50 feet of poorly sorted 

and stratified materials. Much of the alluvium is cemented partially 

by caliche.
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Igneous Rocks

Introduction

The igneous rocks of the Hilltop mine area occur in many forms 

and compositions showing differentiation in most bodies. The igneous 

bodies are classified in the following three general groups:

1) Plutonic body - "stock" at eastern edge of area
2) Tabular bodies - dikes, sills, and irregular masses
3) Volcanics

Plutonic body

The largest member of the igneous group is a plutonic body on 

the eastern edge of the area (PI. I). The "stock" projects into the 

block and intrudes Cambrian through Mississippian sediments. The 

igneous body crops out across the mine road just below the power house 

and occupies nearly the whole area below the road to the east and along 

the eastern edge of the "Hilltop block."
This igneous body is distinctly porphyriticj and, because of the 

peculiar appearance produced by its large bluish-gray quartz and white 

feldspar phenocrysts,locally the rock is called the "birdseye porphyry." 

The rock is essentially a quartz monzonite porphyry in the area mapped, 

but abundant evidence of considerable variety in texture and composition 

can be seen without going far. The plutonic body is cut by two or three 

varieties of dikes, some of which are similar to and perhaps identical 

with those which cut the sediments. Granite-porphyry dikes intrude the



larger body in an irregular pattern..

The following examinations were made of selected specimens of the 

large plutonic body and dikes. The rocks were quartz monzonite por

phyry from the large plutonic body and granite porphyry from the dikes.
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Facie A. - quartz monzonite porphyry

This igneous rock makes up 80-90 per cent of the plutonic body 
in the area studied. The rock is extensively weathered and covered by 
talus.
Megascopic: The rock is light greenish gray, fine grained, containing

70 per cent phenocrysts in a light yellow!sh-green, 
aphanitic groundmass. The phenocrysts are altered gray 
feldspar, bluish-gray fractured quartz, and greenish- 
gray hornblende. The phenocrysts also contain some he
matite and magnetite and range in size from 1-5 mm.

Microscopic:

Essential minerals:
Plagioclase - 30%, euhedral, andesine (Ab^An/ji). ave.

2 mm, max. 5 mm
Quartz - 28$, anhedral, ave. 2 mm, max. 5 mm
Orthoclase - 18$, subhedral, ave. 2 mm

Varietal minerals:

Hornblende - 10$, subhedral, ave. 2 mm
Biotite - 8$, subhedral, tiny grains

Accessory and alteration minerals:

Magnetite — 4$
Hematite - 1$
Epidote - 1$
Kaolin
Chlorite
Sericite

The quarts phenocrysts show some replacement by eericite in the em- 
bayments. The feldspar phenocrysts show carlshad and albite twinning.
The orthoclase is altered to kaolin and the plagioclase to sericite. The 
hornblende has been altered to grass-green chlorite and lemon-yellow, 
peach-pink epidote. Some magnetite occurs in the groundmass.
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Megascopic: The rock is light green to dark gray and weathers to a
light-orange brown. The rock is medium grained with 
phenocrysts of quartz, altered feldspar, and biotite 
visible. The large fractured phenocrysts of quartz are 
bluish gray. The feldspar phenocrysts are masked by 
alteration. The phenocrysts comprise about 70 per cent 
of the rock. Some magnetite occurs in the section.

Microscopic:

Essential minerals:

Orthoclase - 45$> subhedral, ave. 1 mm, max. 2 mm 
Quartz — 24%> anhedral, ave. 2 mm, max. 5 mm 
Plagioclase- 20%, euhedral, ave. 1 mm, max. 3 mm

Varietal mineral:

Biotite - 7%, subhedral

Accessory and alteration minerals:

Facie B. - granite porphyry

Magnetite - 2%
Hematite - 1%
Limonite - 1%
Sericite
Kaolin
Chlorite
Epidote-

The quartz phenocrysts are greatly fractured and filled with the 
aphanitic groundmass. The orthoclase phenocrysts are altered to kao
lin. Hematite grains are scattered throughout the section. The 
epidote occurs as fine grains in segregations. The groundmass contains 
some epidote, quartz, and feldspars.

This large igneous body can be called a "stock,” but its aerial ex

tent was not mapped completely. Hear the Hilltop area the "stock" is 

covered largely by alluvium, but crops out at many points over an exten

sive area. The igneous body borders the block for a mile on the east 

and is about three-fourths of a mile in diameter. Further work needs
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to be done to determine the rock's.differentiation and relation to 

other intrusives. The plutonic body is probably the upward extension 

of the underlying igneous mass which is the source of the dikes and 

sills of the area.

Tabular bodies

General

The smaller intrusive bodies occur as dikes, sills, and irregular 

masses. The tabular bodies may originate from the larger igneous 

masses that underlie the area. The larger igneous masses crop out on 

the east margin of the "Hilltop block." The smaller dikes and sills 

are more numerous on the southwest side of the main ridge.

The tabular bodies cut the series at all angles. Several of the 

thin tabular bodies run nearly parallel to the beds and then cut from 

one bed to another at low angles. Their relationships indicate no 

definite system. The sills vary greatly in thicknesses in short 

distances along the strikes of the bodies. Some of the tabular bodies 

die out entirely in a short distance or change into an irregular mass.

One irregular intrusive body occurs at a point about 500 feet 

from the west portal of the Kasper tunnel. The "dike" is very irre

gular in outline and forms a semi-circle outcrop pattern around the 

Blacksmith portal (PI. I). The body varies in thickness from 5-60 feet. 

Some of the intrusions are long and narrow and can be followed for 

long distances, but the greater number cannot be traced far.



Granite porphyry

A medium-grained granite porphyry igneous body crops out north- 

vest of the Kasper portal. The rock forms irregular tabular masses 

in this area, and on the vest the body is truncated by a fault. The 

granite porphyry is intimately associated vith the irregular quarts 

felsite body to the northeast. The granite porphyry is about the 

same composition as the granite porphyry facie that cuts the ”stock" 

on the east margin of the "Hilltop block."

The granite porphyry has the following characteristics:

Megascopic: Phenocrysts of feldspar and quarts occur in a light
greenish-gray groundmass. Phenocrysts make up 55 
per cent of the rock. Some magnetite is scattered 
through the rock. The rock has a porphyritic texture.

Microscopic:

Essential minerals:
Orthoclase - 45$, subhedral, ave. 1 mm, max. 2 mm 
Quarts - 24$, anhedral, ave. 2 mm, max. 6 mm
Plagioclase - 18$, euhedral, andesine (Ab^An^), ave.

2 mm, max. 4 nm

Varietal mineral:

Biotite - 8$, grains

Accessory and alteration minerals:

Magnetite - 3$
Limonite - 2$
Sericite
Kaolin J 0

Quarts felsite

A dense, white, very fine-grained igneous body crops out north- 
vest of the Kasper portal. A dike from this larger irregular mass



strikes northeast over the main ridge. The dike cuts the Cretaceous (?) 

and Permian sediments on the main ridge. The quartz felsite resembles 

a silicified limestone; except the rock has quartz phenocrysts in an 

aphanitic groundmass. It is always massive, and a thin section shows 

that it is an igneous rock of quartz felsite type. The groundmass is 

not glassy but contains minute mineral grains too small for determi

nation. These grains are probably feldspars. The quartz felsite has 

the following characteristics:

Megascopic: The rock has a white, very fine-grained groundmass con
taining a few quarts phenocrysts. The broken surface has 
a vitreous luster. The rock has a few streaks and spots 
of pyrite.

45

Microscopic:

Phenocrysts: 8%

Quartz - euhedral to subhedral, ave. 2mm, max. 3 mm
Feldspar (?) -3 % , altered

Groundmass : 92% Too fine grained to determine.
The quartz phenocrysts are fractured and filled with the ground- 

mass material. Feldspar phenocrysts (indices higher than quartz) are 
altered to sericite. The feldspar is probably olagioclase. Specks of 
magnetite were observed in the section.

Several shafts along the margin of this quartz felsite dike cut 

mineralization. At the northeast extremity of the dike a fault has dis

placed the quartz felsite. A small shoot of lead ore is at this contact. 

The faulted segment of the dike borders an old shaft and tunnel showing 

some lead ore along the dike and the brecciated fault zone.

A sill (?) from the quarts felsite irregular mass crops out to 

the northwest parallel to the strike of the bedding. The body is 

overlain by volcanics at its northwestern extremity.
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Many of the dikes, sills, and irregular masses of igneous rock 

are porphyries of varying composition grading in a single body from 

rhyolite to andesite. The composite dikes have two facies grading 

from rhyolite to andesite. These composite dikes are most frequently 

cut underground.

These composite dikes and sills range in thickness from 10-4<\ 

feet. Some of the surface-outcrops of these bodies can be correlated 

underground to those mapped on the Kasper, Gray, and Rehn levels.

The bodies apparently represent igneous intrusions coming from a 

differentiating mass below, and the particular quality or composition 

depends upon the differentiation stage or particular composition con

dition of the magma-at that time. The two facies have the following 

characteristics:

Facie A. - Rhyolite porphyry

Megascopic; The rock is light gray in color and porphyritic in tex
ture. The feldspar phenocrysts, 7 mm - mm in size, 
are highly altered to kaolin and sericite. Quartz pheno
crysts occur throughout the section. There are some ferro- 
magnesian phenocrysts and magnetite. The phenocrysts 
comprise about 45% of the rock.

Rhyolite porphyry and andesite porphyry

Microscopic:

Phenocrysts: 45%
Essential minerals:

Orthoclase - 20%,

Plagioclase - 10% 
Quartz - 8%,

orthoclase-albite intergrowth 
and microcline

euhedral, ave. 1 mm, max. 3 mm
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Varietal mineral:

Biotite
Accessory and alteration minerals:

Magnetite
Zircon

1%
Sericite
Chlorite
Kaolin

Groundmass: 55% Contains aphanitic feldspars, quartz, biotite,
and magnetite

The plagioclase feldspar is altered to sericite and shows zoning 
around the edges of the crystal. The feldspar shows a microperthite 
intergrowth of albite and orthoclase and also some microcline as 
illustrated by the characteristic grid structure. The biotite pheno- 
crysts are altered to magnetite and chlorite. The quartz phenocrysts 
have embayments and inclusions of zircon (?). The ferromagnesian 
is indeterminable but was seen in the hand specimen. The groundmass is 
aphanitic.

Megascopic: The rock is yellowish green in color with white to light-
brown phenocrysts. The groundmass is aphanitic containing 
feldspars, magnetite, and biotite. The phenocrysts make 
up about 30 per cent of the rock and are predominantly 
gray to white feldspars, darker phenocrysts of hornblende, 
and biotite.

Facie B. - Andesite porphyry

Microscopic:

Phenocrysts: 30%
Essential minerals:

Plagioclase - 15%, subhedral, ave. § mm 
Quartz - 4%, subhedral, ave. ram

Varietal minerals:

Hornblende
Biotite
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Accessory and alteration minerals:

Epidote - 1%
Apatite -  i$s
Magnetite — lyG
Hematite -
Sericite
Chlorite
Limonite

Groundmass: 10$ Very fine grained, contains feldspars, horn
blende, biotite, magnetite, sericite, and 
chlorite

The plagioclase feldspar exhibits hazy albite twinning due to 
its alteration to sericite. Biotite is strongly pleochroic with one 
cleavage and is altered to a chlorite mineral and iron oxides. The 
hornblende phenocrysts are altered to biotite, chlorite, epidote, 
and magnetite. The apatite occurs as elongated crystals near the 
biotite.

Quartz diorite

This tabular body occurs on the north side of the large "stock" 

and is probably a basic facies of that body. The quartz diorite crops 

out in several places along East lihitetail Creek fault. The discontinuous 

body follows the fault on this margin of the "Hilltop block."

The quarts diorite has the following characteristics:

Megascopic: The rock is greenish gray in color and is a phanerite in
texture. There are phenocrysts of greatly fractured 
quartz. The hornblende phenocrysts have been altered to 
magnetite and chlorite. The chlorite gives much of the 
green color to the rock. The specimen is fractured in 
several places and is filled with a dark mineral. The 
feldspar is also altered to kaolin and sericite.

Microscopic:

Essential minerals:

Plagioclase

Orthoclase - 12%,
Quartz - 8%,

euhedral, andesine (AbcgAn^), ave.
2 mm, max. 5 mm
subhedral, ave. § mm, max. mm 
subhedral to euhedral, ave. 2 mm, max. 4 mm
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Hornblende - 3/°> subhedral, ave. 2 mm 
Biotite - 2%, small grains

Accessory and alteration minerals:

Magnetite - 2%
Hematite - 1%
Epidote -  1%
Eericite - 1%
Kaolin
Chlorite

The large phenocrysts of plagioclase are masked by sericite but 
show albite twinning. The orthoclase feldspars show Carlsbad twinning 
with some kaolinization. The groundmass. around the larger phenocrysts 
consists of very small grains, 0.1 mm, of the same minerals: namely,
quartz, feldspars, biotite, and hornblende.

Varietal minerals:

Age and history of igneous intrusions

The igneous bodies in the Hilltop mine area intrude all sediments 

through the Cretaceous (?) and appear to form a single intrusive 

igneous phase. These intrusions are all genetically related but were 

not developed at precisely the same time. If the assignment of 
Cretaceous (?) to the conglomeritic beds is correct, the igneous ac

tivity occurred in late Cretaceous time during the Laramide revolution.

Volcanic flows

General

The "Hilltop block” is bordered on the east, north, and west by 

rhyolitic lava flows, tuffs, and agglomerates. These flows (PI. VIII, B) 

border the block on the northeast side of the East Vihitetail Creek fault.
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In the Hilltop mine area the volcanics overlie Mississippian, Penn

sylvanian, Permian, and Cretaceous (?) sediments. Ho good exposure 

of the contact between the sedimentary beds and the overlying volcanic 

flows was found in the area mapped.
According to Maxwell (1941) the Sugar Loaf series in the Chiricahua 

National Monument, just north of the area mapped, has an estimated 

thickness of 1500 feet. In this rhyolitic series the upper 500 feet 

are flows and tuffs; the middle £00 feet are massive flows; and the 

basal 500 feet are flows and tuffs. The Hilltop area lava flows 

are tentatively correlated with the basal flows of the Sugar Loaf series.

The characteristics of the Hilltop rhyolite are as follows:

Megascopic: The rock is a light-purplish-pidk color and has an
aphanitic texture. The pinkish-white feldspar pheno- 
crysts occur in an aphanitic groundmass. Quartz occurs 
as phenocrysts and some magnetite and hematite are 
present in the groundmass.

Microscopic:

Phenocrysts: 16%

Essential minerals:

Feldspar - 7%, sanidine (?), euhedral, ave. 1 mm
Quartz - euhedral, ave. 1 mm

Varietal mineral: •

Biotite - 2%, small grains

Accessory and alteration minerals:

Hematite - 1%
Magnetite -  1%
Kaolin

Groundmass: SU% Contains quartz, feldspar, biotite, and
magnetite.
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The phenocrysts are in a groundmass of divitrifled glass. The 

glassy groundmass shows flow banding and is stained with hematite.
The quarts phenocryst embayments are filled with the glass. There 
are a few lithophysae or stone bubbles on the quartz phenocrysts. The 
feldspar is altered to kaolin.

t e

After the deposition of the Cretaceous (?) sediments there is some 

uncertainty about the dating of the geologic events. Apparently an 

uplift of mountain-making proportions occurred near the close of the 

Mesozoic during the Laramide revolution. Erosion followed this oro

geny and may have continued to mid-Tertiary (?) which was probably the 

time of volcanism. Maxwell (1941) dated the volcanism as Miocene (?). 
Following the volcanism, probably at the close of Miocene, an uplift 

tilted the volcanics to the southwest, as the volcanics in the south

west corner of the Hilltop area dip on an average of 30° to the south

west
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Met amorphic Rocks

The metamorphism affecting the rocks of the Hilltop mine area is of 

the contact type. The igneous contact effects are very pronounced in the 

lower units of the thick Paleosoic section and are basically of two kinds: 

(1) recrystallisation of limestones and (2) formation of hornfelses from 
mudstones and shales. The term "hornfels" is used to designate a light- 

gray, dense, aphanitic, hard rock in this report.

The "Hilltop block" is bordered, and probably largely underlain, by 

igneous rocks of intrusive relationship. Some of these masses, especial

ly the large igneous bodies to the southeast and northeast, intruded the 
block and metamorphosed the sediments. These larger masses that crop 

out and the probable underlying bathylithic igneous mass were capable of 

ejecting great quantities of igneous material in the form of dikes, sills, 

and irregular masses. The small tabular igneous bodies caused only minor 

contact metamorphic effects along their borders. The large igneous bodies 

apparently gave off great quantities of hot vapors and gases capable of 

penetrating the beds and causing changes both to the structure and com

position of the rocks.
The Hilltop sedimentary series shows extensive metamorphism in the 

limestones, shaly limestones, and calcareous shales occurring in the 

Abrigo, Martin, Escabrosa and the Naco formations. Only minor effects 

are evident in the Permian and Cretaceous (?) strata.

The metamorphism of the lower formations is probably due to the com

position of the lower beds in the series and also to the proximity of
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these beds to the larger igneous bodies to the east. The sediments which 

vrere nearest the largest source of the igneous heat, pressure, and vapors 
apparently were the most altered.

The most abundant type of metamorphism was the recrystallization of 

the limestones into coarse-crystalline marble. The massive, thick-bedded 

lower Escabrosa limestones contain beds which have been recrystallized to 

calcite marble. The marble beds crop out on the northeast corner of the 

area mapped bordering East Whitetail Greek. The surface outcrops have 

been patented as the Cochise White Marble Placer. The lower units of 

the Naco limestone have been locally recrystallized. Some minor re

crystallization is also evident in the Abrigo limestones.

The other type of metamorphism is the alteration of the shaly lime
stones and mudstones to a compact, fine-grained, aphanitic rock refer
red to as homfels. The homfels rock contains quartz, epidote, and 
some feldspar as the major minerals. The hornfelses show the following 

characteristics:
Megascopic: The rock is light gray in color and aphanitic in texture.

The hornfels has a conchoidal fracture and some case 
hardening on the borders to a lighter tan color. The rock 
is very hard and effervesces slightly with dilute hydroch
loric acid. The rock weathers slabby to a pale yellow or 
pale yellowish orange and dark gray in iron-stained sections.

Microscopic: The main minerals present in the sections were quartz and
epidote. Minor amounts of plagioclase, biotite, and pyrite 
were recognized. Specks of magnetite and hematite were 
scattered through the sections. Calculation of the per
centages of minerals in the ultra-microscopic section were 
not conclusive. Grain size was l/20 mm or less.

The lower shaly limestones of the Martin formation are the lowest 

beds in the sequence that are altered to hornfelses. The upper thin- 

bedded, shaly limestones of the Escabrosa formation have also been altered
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to the fine-grained hornfelses. The most abundant hornfelses are in the 
Naco formation where beds of•light-gray, aphanitic, thick-bedded, mas

sive, ledge-forming hornfelses crop out. These units weather streaky, 

medium gray to dark gray. Very minor changes occur in the character of 

the hornfelses along the strike of the beds.

Metamorphism of these two types is extensively developed in the area 
studied. The alterations, as can be noted from the measured sections, 

have been on an immense scale. The scope of the problem precluded an 
exhaustive study of metamorphism.
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Structural Geology

Summary

The region of the Chiricahua Mountains has undergone intense de

formation. The mountains are made up of a series of tilted and eroded 

fault blocks which were later covered by Tertiary (?) volcanics. The 

main structural unit mapped is the MHilltop block,M a mass of bedded 

rock 4 miles long and 2 miles wide. The underlying rocks were folded 

previous to thrust faulting and block tilting, forming an asymmetrical 

trough formed by a limb of a syncline that was later tilted. The whole 

series of rocks was tilted at the time the region broke into blocks, and 

the subsequent intrusions of igneous material to the northeast overturned 

beds ranging in age from the Cambrian Bolsa Quartzite through the Missis- 
sippian Escabrosa limestone along this border. From the fault at the 

Escabrosa-Naco contact up the section, the beds dip to the southwest.

This general dip prevails throughout the upper Paleozoic series, steep 

on the ridge with a gentle flattening to the southwest.

The compression on the block has resulted in many low-angle faults. 

One of these, the Hilltop fault, crops out along the northeast side of the 

ridge until terminated against the Maverick fault. The Hilltop fault on 

the Gray and Rehm levels shows overturned small folds, etc., indicating 

the compressive forces from the northeast and the southwest. This com

pression probably also produced the Blacksmith fault. The Blacksmith 

fault shows a predominance of horizontal strictions, and the northwest 

block has moved 900 feet southwest relative to the southeast block.
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Low on the southwestern slopes.low-angle faults have thrust Creta

ceous (?) sediments to the northeast over the upper Permian member 
(PI. I). Field mapping shows variable thicknesses of the Permian mem

ber in this section due to the thrust faulting. Other low-angle fault

ing is evident in the northwest comer of the area.
The block is bordered on the east by the East VJhitetail Creek fault 

and on the north by the Northerly fault, both high-angle faults. The 

western and northeast boundaries are covered by Tertiary (?) lava flows. 

The high-angle faults cutting across the sediments in a general NE.-SW. 

direction are the main ore channels. This group includes the Blacksmith, 

Eureka, and Maverick faults. The Blacksmith and Eureka show large hori

zontal displacement, especially in the Hilltop quartzite. Northeast of 
the ore-bearing areas, high-angle faults strike parallel to the main 

ridge. These faults are well exposed on the Kasper, Gray, and Rehm 
levels; however, their significance is not clear. Smaller high-angle 

cross faults occur in the Hilltop quartzite formation.

Bedding-plane faults are characteristic of the Hilltop mine area. 
They are difficult to map on the surface but are quite numerous and re

cognizable underground.

On the northeast margin of the block, due to the compression in a 

NE.-SW. direction, en echelon faults were formed. These are in the basal 

thin-bedded units bordering the East Whitetail Greek fault.

Many dikes, sills, and irregular masses of igneous rock have been 

mapped. These tabular bodies cut the sedimentary series at all angles, 

but usually are nearly parallel to the beds and cut across from one bed
ding plane to another at low angles. The igneous bodies appear to follow
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old weakness lines, and some are older than the major faulting.

Folding

Major folding

There is one major synclinal limb composing the upper portion of 

the stratigraphic section. This synclinal limb is not clearly evident 

from the surface, but underground mapping proves its existence (PI. II). 

The Hilltop quartzite member is one layer of the folded strata, and by 

plotting this formation’s dip, the fold can be traced. On the surface, 

elevation 7350 feet, the Hilltop quartzite dips 65°-700 SM. On the 
Kasper level, elevation 6750 feet, the quartzite dips 50°-60o SM.; 
and on the Gray level, elevation 6450 feet, the bed dips 40°-50° SW.

The quartzite does not intersect the Rehm level, elevation 6050 feet, 

since the bed flattens out between the two levels. The bedding on the 

Rehm level in the lower beds shows a dip from 0° to a reversal. Two 

raises cut the quartzite at about 180 feet above the Rehm level, and the 

quartzite dips 5o-10° SW. In the northwest section of the Rehm level, 

two diamond drill holes also intersected the quartzite at about 200 feet 

above the level.

The fold was evidently formed through compressional forces in a 

ME.-SW. direction as shorn by minor drag folds on the Rehm level. Sub

sequent high-angle faulting, thrust faulting, and erosion have removed 
the other limb and moved the limb into its present position. The fold 

was then tilted during the later block faulting.



Minor folding 1
No minor folds vrere mapped on the surface, but several vrere seen on 

the Rehm level. One 6-inch-high overturned fold was observed near the 

base of Raise No. 1 (P1.II). The axial plane strikes to the northwest and 
dips 38° HE. Another 6-foot-high overturned fold occurs beyond Raise No. 1 
with its axis striking to the northwest. This evidence indicates that the 

overriding low-angle fault was from the northeast going to the southwest.

Faulting

Low-angle faults

Low-angle faulting is widespread in the Hilltop area. There are three 

main faults of this type along with many minor ones. The first has been 

referred to as the Hilltop fault (Pl.l). A trace of the fault plane crops 

out on the east slope wholly within the Naco limestone. This fault plane 

only could be mapped as far northwest as the Maverick fault with which it 

apparently merges. The Hilltop fault has also been mapped underground on 
the Gray and Rehm levels. The average dip on these levels is from 15°- 
20° SW. The minor folds on the Rehm level indicate that the direction of 

the active overriding block was from the northeast to the southwest. On 

the surface the fault plane was not clearly defined, but the radical 

change in dips on the opposite sides of the fault indicate its position.

The second area of low-angle faulting is prevalent in the southwest
ern corner near the Kasper portal. In this area the Cretaceous (?) sedi

ments are thrust toward the northeast overriding Permian units. The block 

of Paradise formation in this southwestern area is connected closely with

58



these thrust sheets. These flat fault planes almost parallel the 
bedding, and the rocks ride far up on other members.

The third area with faulting of this type is in the extreme north
west corner of the area where the compressional forces have thrust Per
mian strata over the underlying rocks, completely overriding the Hill
top quartzite and other formations. The klippe is composed of cherty 
limestone which is probably the Hanging-Wall limestone. This low- 
angle fault borders the rhyolitic flows to the northwest and the north 
edge of the Hilltop fault block. The faulting and overriding of the Per
mian limestone has masked the lithology in this area, and the beds merge 
into a confused series, crushed and deformed. 3y tracing the cherty 
limestone, it is evident that the general series strike changes to the 
north rather sharply hy this deformation. "Therefore the usual' northwest 
trending ridge is now striking to the north.

Bedding-plane faults
Bedding-plane faults occur throughout the series and helped to re

lieve some of the stresses due to the compression and other forces. The 
beds move along the bedding planes with minor structural drag between 
them. Slips and faults of this type are so numerous that it is impos
sible to map or even to detect them on the surface, but they can he 
mapped underground (PI. II). No part of the “Hilltop block" is entirely 
free from such displacements. Some of the small bedding-plane faults 
localize ore in the Hilltop quartzite, but they usually open the bedding 
for only a short distance along the strike.

The major Paradise fault is mapped the entire length of the 
"Hilltop block" to the Northerly fault, or the north boundary of the
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Block. This fault is not a true bedding-plane fault, since it does not 

parallel exactly the beds. The field napping shows that the fault plane 

dips almost parallel to the bedding, so the fault is classed as a bed

ding-plane fault. The beds on the northeast side of the fault dip 60°
HE., and the beds on the southwest side dip 64° Svf. The Paradise fault 
has faulted out the Paradise formation from the series on the northeast 

side of the main ridge. The Kaco limestone above the Paradise fault con

tains Chaetetes milleporaceus polyginal corallites and fragments of brach- 

iopods. The underlying Escabrosa limestone has no fossils. The Paradise 

fault is therefore the contact between the Pennsylvanian Maco limestone 
and the Lower Mississippian Escabrosa limestone.

Hich-an%le faults

High-angle faults include five groups:

1. Transverse to beds - strike N. 48°-750 E. and dip 60o-70° SB.
The major faults are the Blacksmith, Eureka, and Maverick.
All are intimately associated with the ore deposition,

2. En echelon faults - east margin of block, strike N. 450-85° E.
with varying dips.

5. East Ifnitetail Greek fault - northeast border of "Hilltop block,v 
strikes N. 60o-70° W. and dips southwest (?).

4. Hilltop quartsite cross faults - occur in Hilltop quartzite mem
ber, many southeast of southeastemmost strand of the Black
smith fault zone. Great diversity of strikes and dips. They 
strike N. 30o-60° E. and dip 55°-830 HE.

5. Parallel to main ridge - northeast of ore-bearing areas and
parallel to the main ridge. They cut the Kasper, Gray, and 
Rehm levels at right angles. They strike N. 38°-73° W. and 
dip 43o-60° HE. or 5S0-73° Sif.

Transverse to beds. The Blacksmith fault zone strikes II. 70° E. 
and dips steeply southeast. The fault zone is about 100 feet on the
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Kasper, Gray, and Rehm levels underground. Several strands make up the 

Blacksmith fault zone with four mapped on the Kasper level. The south- 

easternmost of these strands will be referred to as strand no. 1 (PI. II).

The Blacksmith is a shear fault relieving the general congressional 

stresses from the northeast and southwest direction. The fault displaces 

the northwest segment of the Hilltop quartzite about 900 feet to the south

west relative to the southeast segment. The horizontal striations are 

very evident on the fault planes in the Blacksmith fault zone.

In spite of the large throw of the Hilltop quartzite, the Blacksmith 
fault dies out to very insignificant proportions, both toward the west and 

east sides of the main ridge (PI. I). The fault cannot be mapped for con

siderable distances either direction. There is little doubt that it mer
ges on the east with a series of flat faults which sweep more or less in

to line with the bedding and ultimately lose their identity entirely in the 
series of small slips that take the place of the fault.

On the southwest side of the ridge the fault is clearly exposed be- • 

yond the west Blacksmith workings. The west Blacksmith adit is driven on 
the contact of the fault and the quartzite. Farther to the southwest the 

fault displaces the Cretaceous (?) sediments. The Blacksmith fault is pre- 

ore and is probably the main mineralizing channel. This will be discussed 

more fully under Economic Geology.

The Eureka fault crops out in the northwest corner of the area and is 

of the same type as the Blacksmith fault. The northwest segment of Hill

top quartzite is displaced some 200 feet to the southwest relative to the 

southeast segment. The fault strikes N. 4S° E. and dips 62° SE. The 

striations on the fault plane are horizontal. This fault is pre-ore and



localizes the Eureka chimney and brecciated ore deposits . It merges 
with a bedding-plane fault to the northeast. The outcrop is covered by 

Tertiary (?) volcanics to the southwest. A brecciated zone in which 

mineralization occurs as narrow streaks and cementing material in the : 

breccia occurs at the intersection of the fault and the hanging wall of 

the Hilltop quartzite. ' r .
' The Maverick fault, the third important high-angle fault that cuts 

the beds, is on the eastern slope (PI. I). The fault e:±ends southwest 

from the East Whitetail Creek fault for about 4000 feet. The strike of 
the fault is N. 68° E. and the dip is 60o-70° SE. as shown in:prospect 
workings. Breccia is very pronounced along the fault. The fault dis- ; 

places Cambrian Abrigo limestone through Pennsylvanian Naco' limestone. • 
The fault displaces the Abrigo limestone about 125 feet horizontally, but 

the Pennsylvanian coral reef, a marker bed, was displaced about 500 feet. 

At the intersection of the fault and the Naco limestone there is minor, . 

mineralization along the bedding which strikes N. 40° W. and dips 60° SW. 

This zone is manganiferous with scattered pockets and chimneys of copper 

ore. Minor lead-zinc mineralization occurs on the Morrow group at the 

intersection of the Maverick fault and Martin limestone. The ore bodies 

are small pockets with no lateral extent.

To the northeast the Maverick fault intersects the East Whitehall 

Creek fault. To the southwest the fault appears to be the channel for 

the quartz felsite porphyry dike. The fault is associated intimately 

with the felsite dike and ore deposition.

Minor high-angle faults occur throughout the area, but few are of 

importance. One of these east of the Maverick fault has minor mineral!-
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sation along it where it intersects a bedding plane corresponding to the 

ore mineralization on the Maverick fault.

En echelon faults. Along the northeastern border of the block and 

along the East Whitehall Greek fault, there are several nearly parallel 

over-lapping en echelon faults that strike N. 45°-850 E. and have varying 
dips. . These faults all intersect the East Whitetail Creek fault. The . 

faults displace the basal units of the series from the Abrigo limestone 

through the Martin limestone. The faults die out along the many small 

slips in the massive Escabrosa limestone.

East Whitehall Creek fault. The fault forms the northeast bound
ary of the nHilltop block." The fault generally follows East Whitetail 

Creek, since the differential erosion along the fault has formed the main 

drainage trough in which the alluvium has been deposited along the creek. 
(PI. I). It is covered for most of its extent by these alluvium deposits. 

The fault strikes generally N. 60o-70° W. and dips to the southwest (?). 
Igneous intrusions occur along the fault. Southwest of the fault is the 

"Hilltop block" series of sediments, and northeast of the fault are the ex
tensive Tertiary (?) rhyolite flows and tuffs.

Hilltop quartzite cross faults. The larger cross faults have been dis

cussed above in the section dealing with high-angle faults. This group of 

cross faults occurs in the hard, brittle Hilltop quartzite (PI. II). The 

competent bed had a tendency under the compressive stresses to - develop num

erous faults normal to the bedding. The hard quartzite bed of 65 feet in 
thickness is between more massive, relatively incompetent limestones. The 

disturbances were absorbed in the limestones by plastic flow, as evidenced
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hy some of the small folds; but the- quartzite was greatly fractured.

The cross faulting is most pronounced for 500 feet to the southeast of 

the Blacksmith fault zone where the drag along the large fault caused 
the quartzite to bend and break. These cross fractures are evident on 

the surface, and many prospect workings have been sunk on mineraliza
tion localized by the faults.

The cross fractures on the Kasper level and on the surface strike 
N. 30o-60° E. and dip 55°-850 NWV; although two dip 56°-73° SB. These 
faults have brecciated the quartzite and made channels of escape for 

ore solutions at the time of mineralization. The cross faults and frac

tures in the Hilltop quartzite therefore have great importance in re

lation to the oxidized ore development. These faults will be further 

discussed under Economic Geology.

Parallel to main ridge. These faults occur on the eastern slope 

of the main ridge and strike N. 380-55° Vf., approximately parallel to 
the main ridge. The faults dip 43o-60° IIW. or 580-73° SB. The under
ground mapping shows them to be numerous; they are cut in the Kasper 
tunnel, Gray adit, and Rehm adit (P1.II). The faults are difficult to 

recognize or map on the surface, as they are nearly parallel to the 

strike of the bedding and show no apparent displacement. The faults 

have some non-metallic mineralization along their planes, but no 
metallic mineralization. They appear to have preceded the metallic 

mineralization but healed prior to the ore phase.
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ECONOMIC GEOLOGY

History of Mining and Production - Hilltop Mine Area

The Hilltop mineral area attracted the attention of prospectors 
before the days of railroads in Arizona and during the Apache Indian 

era. The Hidden Treasure claim, which lies on top of the main ridge . 

and along the Blacksmith fault, was located January 14, 1881, and is the 

earliest claim of this mining district recorded at the County Court House, 

Bisbee, Arizona. The discovery shaft is reportedly (R. Morrow, July.

1951# oral communication) the Dunn shaft (P1.IX,A) located by Jack Dunn 

in the 1880*s, situated above the present Blacksmith adit. This shaft 

was sunk on the contact of the hanging wall of the quartzite and strand 

no. 1 of the Blacksmith fault zone. This and other claims were worked 

for the rich oxidized lead surface ores. The ore was packed by mule and 

burro to the base of the ridge; thence by wagons either to Willcox, Ari

zona, or Lordsburg, New Mexico, for shipment to the smelters. ..The high 

grade of the ore mined is indicated by such shipments, since transpor

tation was expensive and prices for silver and lead were relatively low. 

In the late 1880’s the Apache Indians forced suspension of all work by 

driving the prospectors to safer quarters.

The area became active again during 1902-6 when a number of car

loads of high-grade surface lead-silver ore were delivered by wagons to 

Willcox, Arizona, and shipped to the smelter at El Paso, Texas.



This ore vras from the Blacksmith workings (PI. IX,B). Some of the later 
output was milled at Paradise, Arizona, and the concentrates were ship

ped to 51 Paso, Texas.

The period of greatest development was from 1915-26. The Hilltop 

Metals Mining Company was organized in 1915, and development work start

ed. The main production was during 1924-26. Low metal prices and ore 

reserve exhaustion forced the mine to close in 1929. The company re
organized in 1930, but it only completed minor development and assess

ment work. Various companies controlled the mine for short periods of 

time from 1950-49.
Piedmont Mines, Incorporated, the present owners, worked the mine 

from 1949-51. This company rehabilitated some workings and shipped a 
few tons of oxidized lead ore from the Blacksmith adit, but it closed 

the operation in 1951.
American Zinc, Lead and Smelting Company, St. Louis, Missouri, 

leased the Hilltop mine from Piedmont Mines, Incorporated, and started 

rehabilitation work on the property in December 1951. This company has 

continued development and mining operations to the present time.
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Hilltop 1-n.ne

Location

The Hilltop mine is located at Hilltop (PI. X, A), a small rural 

community, 26 miles northwest of Rodeo, New Mexico, and 26 miles south of 

San Simon, Arizona. The property lies along the main mountain ridge 

(PI. VII,A) which extends in a general northwest-southeast direction be

tween Jhus Canyon and Hands Pass. The maximum length of the claims along 

the ridge is 10,500 feet with a width of 5750 feet. The total area covers 

about two square miles.

Production

The ore shipments made by Hilltop Metals Mining Company are as fol
lows:

Tons Ag 03. Vb% Fq% Insjb Cad$ Mn?o Sul#
1924 4377 5.5 24.0 27.0 27.0 4.0 7.0 5.0
1925 4105 5.0 25.0 10.0 32.0 2.5 9.5 2.5
1926 2890 4.5 20.0 12.0 32.0 4.0 8.0 1.0

11,372 Total Tons

These are the total shipments of ore made by the Hilltop Metals Mining 

Company. Small shipments not on record have been made from 1880-1915 and 

1926-51. The approximate stope measurements give a minimum of 9,000 tons. 

These shipments were all oxidized lead ore from the upper section of the 
mine.
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From 1952-53 the following shipments of ore have been made by- 

American Zinc, Lead and Smelting Company:

Oxidized lead ore to smelter
Tons Ag oz. Pb% Zn£ Cu#
4665 2.57 12.94 7.90 0.26

Sulphide ore to mill

3390 2.00 8.38 5.90 0.49

Developments - mine workings

The discovery location is reportedly the Dunn shaft above the Black

smith adit. The Dunn shaft was sunk on a mineralized and brecciated zone 

at the intersection of the hanging wall of the Hilltop quartzite and the 
strand no. 1 of the Blacksmith fault zone. Some high-grade oxidized lead- 

silver ore was shipped from this working.

The Blacksmith adit was next to be driven at an elevation of 7220 

feet on the main ridge. The portal is 100 feet north of the Dunn shaft 

and approximately 100 feet below it. The Blacksmith consists of an adit 

driven 100 feet to strand no. 1 of the Blacksmith fault zone. A winze 

was sunk at the intersection of the hanging wall of the quartzite and 

the Blacksmith fault following a chimney of ore to a depth of 135 (?) 

feet. The winze has been gobbed to 65 feet from the collar. A few tons 

of ore were mined from this winze by the Piedmont Mining Company in 1951.

A raise from the Blacksmith adit level to the surface is on the same 

chimney of ore.
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The Kasper tunnel, elevation 6750 feet, was driven from, the south

west side of the ridge a distance of 3125 feet through the Mountain.

The Hilltop quartsite was intersected 1765 feet fron the west portal.

From this intersection the Hanging-Wall drift was driven 5070 feet in a 
southeast direction following the hanging wall of the Hilltop quartzite.

The first 500 feet was in an ore zone with several irregular chimneys, 

cross-fault veins, and bedding-plane deposits along-and in the quartzite. 

This is referred to as Ore Zone no. 1 (PI. II). Wine hundred feet south

east of Ore Zone no. 1, another mineralised zone consisting of 4 stopes 
occurs and is named Ore Zone no. 2. The remaining 1200 feet of the Hang

ing-Wall drift to the southeast is almost barren of stopes and is not 

fractured to ztny great extent.

On the Kasper tunnel level at a distance of 970 feet from the west 
portal, the Porphyry drift branches to the northwest for 290 feet. The 

drift passes through and along an irregular igneous body for the total 

length. The Hard Luck drift is driven northwest from the Porphyry drift 

for a distance of 655 feet where it cuts the northwest faulted segment of 

the Hilltop quartzite. The drift follows the quartzite for about 600 
feet of strike length developing a few small chimneys of high-grade ore 

as shown by 5 stopes. This is referred to as Ore Zone no. 5. In sum

mary, the Kasper tunnel was driven 3125 feet through the mountain with 
about 6600 feet of drifts and crosscuts to the southeast and 3400 feet to 

the northwest. This development work represents a total of 13,125 feet of 
drifts and crosscuts on this level.

The Gray adit (PI. X.,B), elevation 6450 feet, was being driven from . 

the northeast side of the ridge while the Kasper level was being developed.
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The portal drift was driven 1750 feet on a bearing of S. 33° W. to the 
hanging wall of the Hilltop quartzite. Lateral workings along the hang

ing wall of the quartzite were driven about 500 feet southeast and 1280 

feet northwest. Ore Zones 1 and 2 are developed on the Gray level. The 

total footage of drifts and crosscuts on the Gray level is 5540 feet.

The fourth and lowest level, the Rehm adit (PI. XI,A) at an ele

vation of 6050 feet, was driven to develop the quartzite ore at greater 

depth and also to serve as the main haulage level. The Rehm adit was 

driven 3850 feet to the southwest and did not cut the Hilltop quartzite, 

since the bed flattened between the Gray and Rehm levels. Raise no. 1, 

at a distance of 3458 feet from the portal, was driven 170 feet vertical 

to intersect the Hilltop quartzite. Some low-grade ore was mined at the 

hanging wall of the quartzite. Raise no. 2 on the second lateral drift 
to the west of the main Rehm adit was driven 165 feet vertical to the Hill

top quartzite. Some sublevel workings were driven on low-grade mineral

ization. The total workings on the Rehm level are about 7476 feet.
The total of tunnels, adits, drifts, and crosscuts on the four lev

els is about 26,500 feet. This footage does not include the vertical 

development represented by raises, winzes, and stopes.



71
General character and classification of deposits

The Hilltop mineralization is characterized by an early pyrometaso- 

matic, high-temperature phase represented by high-temperature silicates, 

recrystallized limestones, and homfelses. This phase preceded the ore 

deposition. The moderate mesothermal temperature phase, indexed by high- 

galena sulphide deposition, deposited the primary ore bodies by the fill

ing of fissures and replacement of vein material, limestone, and quartzite. 

The high-galena sulphide deposition included chlorite, calcite, and clino- 

zoisite as some of the gangue minerals. Garnet and epidote occur in mo

derate amounts, especially in the Blacksmith fault zone.

The ore deposits are concentrated along the Hilltop quartzite member 

(PI. II) where the cross fractures formed open spaces allowing the solu

tions to enter. The solutions penetrated certain beds of the quartzite 

along these lines of weakness and developed irregular deposits. These 

bodies are pocket-like or bunchy expansions, finger-like extensions, or 

chimneys extending upward and downward. They developed wherever it was 

easiest for the solutions to penetrate or circulate, and they extended 

as far as their energy and composition made possible. These irregular 

bodies died out entirely sometimes in a short upward or lateral distance 

in the rock.

Ore also occurs along the Blacksmith fault zone as a fissure replace

ment vein deposit with the Footwall limestone as the wall rock on the Gray 

level.(PI. IV). The Blacksmith "fissure" deposit is one of the few 

occurrences of ore in limestone in the nine. Several of the deposits 

appear to have well-defined walls, while others show replacement of some
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of the vail rock making irregular deposits.

The main ore minerals are galena, sphaletite, pyrite, and chalco- 

pyrite. The chief gangue minerals are the quartz of the quartzite, 

calcite, and dolomite. The ore grade runs between 2-5 ounces of silver, 

10-25 per cent lead, 5-15 per cent zinc, 0.10-5.61 per cent copper,

10-12 per cent iron, and 2-10 per cent manganese.

Basically the small, scattered ore bodies are of the following 

general types:
Chimney or irregular replacement deposits 
Vein deposits 
Bed replacement deposits 
Secondary deposits

Chimney or irregular replacement deposits

Metasomatic replacement is probably the most important process of the 
ore deposition in the mesothermal range. The replacement results in bun

chy, irregular ore bodies in the brecciated quartzite zones. This pro

cess tends to develop these very irregular, finger-like forms containing 

a comparatively high percentage of ore minerals. Some of these bodies 

are solid galena; others are greatly mixed vith oxidised minerals to 

form a complex ore. This type of deposit develops mainly in the Hilltop 

quartzite; they are connected by cross fractures, bedding-plane faults, 

and other brecciated zones in the quartzite through which the rising 

mineralizing solutions could circulate rather easily.

It appears that the solutions have destroyed the quartzite vail 

rock and removed it, while other minerals have come in or have formed at 

the wall rock's expense. These solutions have formed the emnll replace

ment bodies



73
Most of the deposits have the attitude of chimney deposits which 

are roughly circular or elliptical in cross-section with greater verti

cal extent. These bodies result from the irregular replacements of the 

broken quartzite along the course of weaknesses. This type of ore de

posit exhibits every possible gradation in size, form, and attitude. The 

deposits vary from the small scattered bunches to the larger, irregular, 

chimney-like bodies.

Vein deposits
Many of the ore bodies are formed by the filling of cavities or frac

tures in the country rock; this occurrence is essentially of a vein type. 

The most numerous examples are the cross-fracture veins cutting the Hill

top quartzite. One of this type under the Kasper no. 4 stope area has 

persisted from the Gray Level to the Kasper level (PI. IV). The lower 

100 feet of the vein has limestone walls and is clean, lead sulphide ore. 

The upper 185 feet of the vein has been partially oxidised containing 

cerussite and anglesite with the galena and sphalerite. A "vein-type” 

ore body has been opened on the Gray level in the Footwall limestone along 

strand no. 1 (?) of the Blacksmith fault zone (PI. III). Development 

work on this "fissure vein” of ore shows it to be of the replacement vein 

type, very spotty, irregular, and filled with gangue and ore minerals in 

varying amounts.

Bed replacement deposits

This type of ore body is developed in the northwest section of the 

Gray level where beds in the Hilltop quartzite member are partially re

placed by the ore solutions (PI. Ill). This area is the downward ex-
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tension of the Kasper Ore Zone no. 1.on the southeast side of strand 
no. 1 of the Blacksmith fault zone. Two beds, 2-4 feet thick, are par

tially replaced by the metasomatic processes. This replacement of 

quartzite in preference to limestone will be discussed later.

Secondary deposits

This type of ore deposit is a result of the oxidation and alterations 

of the ore deposits when they undergo weathering. Oxygen and water are 

powerful chemical agents when combined with the chemical constituents of 

the ore deposits, and they produced profound changes in the ore bodies. 

Most of the ore deposits in the Hilltop quartzite above the 6580 foot 

elevation (the upper contact of unaltered sulphide in Ore Zone no. 1) 

are modified in this manner. In other areas the ore deposits show secon

dary effects down to the Rehm level, elevation 6050 feet. These ores are 

weathered to such "great depths, since they occur in rock broken by nearly 

vertical fractures allowing the downward circulation of water for a long 

distance. These pendants of oxidation project down into sulphide zones 

along large faults where the circulating water carried down entangled oxy

gen. Most of the ore which has been developed in Ore Zone no. 1 below 

the 6580 foot elevation, however, is clean sulphide ore. In places in 

the zone of oxidation, the primary ores were structurally tight, not 

allowing the oxygen or water to circulate; therefore they resisted the 

secondary changes. The type of deposits most effected by the weathering 

was the irregular ore chimney bodies along the quartzite. The vein de

posits in the zone of oxidation also have undergone changes and are al

tered to lead carbonate, lead sulphate, etc. Some vein deposits of ga

lena on the Kasper level have resisted the weathering so well that pri



mary ore occurs along the Blacksmith fault fissure for 1000 feet or more. 

Relation - ore to structure

The central portion of the "Hilltop block" is more mineralized than 
are the sides or ends of the block. The main mineralization is associated 
intimately vtith two sets of northeast-southwest faults. The high-angle 
faults that trend N. U80-75° E. and cut many formations are the first 
group to be considered.

The most important fault of this group is the Blacksmith fault zone; 
its strands were evidently the major ore channels (PI. III). The minerali
zation of the "Hilltop block" occurs in this ore zone extending for 500 
feet of strike length in the quartzite on the southeast side of the strand 
no. 1, Blacksmith fault zone. In the area of the intersection of strand 
no. 1 of the fault zone and the Hilltop quartzite, the ore occurs in the 
following manners: (1) along the fault itself as a vein-type body, (2)
on auxiliary cross-fault intersections with the quartzite hanging wall as 
irregular replacement bodies, and (3) along the bedding and bedding-plane 
faults as bedding replacement bodies.

The Eureka fault (PI. I), 2700 feet northwest of the Blacksmith fault 
zone, displaced the Hilltop quartzite member. The fault localized the ore 
in a brecciated zone formed at the hanging wall of the quartzite. This 
ore is of the irregular chimney-type ore bodies.

The Maverick fault (PI. I), 1300 feet north of the Blacksmith fault 
zone, displaced formations from the Abrigo through the Naco and opened 
the formations to the intrusion of the quartz felsite. The fault localized 
ore where it crossed favorable beds or brecciated zones. Minor minerali
zation is evident along the fault and quartz felsite contact in many pro-
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spect shafts. These faults appear to.have been the main set of ore 

channels of the Hilltop mine area.

The other minor cross faults that cut only one formation, the Hilltop 

quartzite, localized ore deposits along the quartzite over a strike length 

of 5000 feet. The faults brecciated the brittle quartzite and formed chan

nels for the ore solutions. The ore was later deposited by the replacement 

of the quartzite breccia and filling of the open spaces. Bedding-plane 

faults open up certain channels for the ore deposition in conjunction with 

the cross faults of the quartzite. Long distances of strike length, even 

along the hanging wall of the Hilltop quartzite, show practically no me

tallic mineralisation. This is particularly true of the southeast section 

of the Kasper level. Those portions of the Hilltop quartzite which were 

cut by these pre-ore cross faults opened the formations for development of 

the ore deposits.

Relation — ore to sediments

Most of the ore has been mined from, small ore bodies formed at the 

intersections of faults with the Hilltop quartzite member. The chimney 

and irregular replacement type ore occurs mainly in the quartzite. The 

fractures in the quartzite evidently constituted the main channels of es

cape during the mineralizing epoch. The brittle quartzite was brecciated 

during the pre-ore deformation and made ideal channels for the ore solutions.

Vein replacement ore bodies occur along the various strands of the 

Blacksmith fault zone in the Footwall limestone member which underlies 

Hilltop quartzite. The sulphide ore on strand no. 1 was continuous for 

130 feet vertically above the Gray level where it intersected the quartzite
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footwall. From this elevation to the Kasper level, the ore >ras partially 

oxidized.

In the Lead Lilly tunnel and Whim shaft, 1000 feet northwest of the 

Blacksmith workings, oxidized ore was mined in the Footwall limestone mem

ber at the intersection of a quartz felsite dike and the Maverick fault. 

There is evidence of only minor limestone replacement along this small 

shoot of ore, and it is mainly a fissure filling.

Minor mineralization occurs along the Maverick fault at the Escabrosa 

limestone-Naco limestone fault contact and the Martin limestone-Escabrosa 

limestone contact. The ore at the ilaco limestone fault contact was copper 

and formed along the bedding. The ore at the Martin contact was lead in 

a small pocket with little lateral or vertical extent.

Relations — ore to igneous bodies

Igneous rocks are very numerous in the area as a nstock," dikes, sills, 

and irregular masses. The tabular bodies are commonly seen underground. 

There is no doubt that the felsic igneous intrusions and ore solutions are 

related to the same orogeny and derived from the same source, probably from 

a large underlying bathylithic mass.

A study of the "Hilltop block" shows that nearly all of the minerali

zation is below the Permian Hanging-Wall limestone member and above the 

Pennsylvanian Naco limestone. The lower beds are extremely metamorphosed; 

whereas, the upper beds are little or only locally altered. The base of 

the "Hilltop block” bordered the large igneous body to the east enabling 

the igneous vapors and heat to extensively metamorphose these lower beds.



The upper beds, except through a few .minor channelvays as shown by the 

many tabular dikes, were apparently out of reach of the concentration of 

the igneous vapors and heat. The upper beds consequently escaped the 

largest portion of the contact metamorphism.

Ore deposits occur along only one igneous dike; this quartz felsite 

dike crops out to the northwest of the west portal of the Kasper tunnel. 

The dike appeared to open a channel for the ore solutions to escape 

through and deposit their mineral along the favorable structural beds 

bordering the dike. This dike where cut by the northwest section of the 

Kasper level drifts shows galena mineralization along its border. This 

is the only igneous body so intimately associated with the ore deposition 

in the mine area.

The ”stock" at the east margin of the "Hilltop block" is bordered by 

some copper ore on the southwest side. On the northern margin of the 

"stock" the Maverick fault localized a small irregular shoot of lead ore 

at the Martin limestone contact.:

Ore bodies

Blacksmith adit level

The ore occurs as an irregular replacement body at the intersection 
of the hanging wall of the quartzite and strand no. 1 of the Blacksmith 

fault zone. The ore is composed of lead and zinc sulphides, carbonates, 

and sulphates with some oxidized copper minerals. The Blacksmith ore 

averages 1-6 ounces silver, 10-22 per cent lead, 5-13 per cent zinc, and 

0.10-0.28 per cent copper. This deposit is in Ore Zone no. 1 and probably
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pn the same contact as Stope no. 1 south, Kasper level. These ore 

occurrences on the two levels should connect through on strand no. 1 of 

the Blacksmith fault zone.

Kasper tunnel level
Ore Zone no. 1̂ (PI. II). This zone is the most heavily mineralized 

in the mine. The mineralization extends for 500 feet to the southeast 

along the Hilltop quartzite. On the Kasper level 5 stones are in the ore 

zone. Stope no. 1 is at the intersection of the hanging wall of the 

quartzite and strand no. 1 of the Blacksmith fault zone. The stope follows 

the hanging-wall contact up for 50 feet and down for 60 feet on the plane 

of the fault. The irregular, replacement chimney is cut off by a fault 

above the level and pinches out abruptly below the level. Stope no. 2 

is on an irregular, replacement ore body formed at the hanging wall of the 

quartzite, localized at the intersection of a bedding-plane fault and a 

cross fracture. Stopes 4 and 5 opened irregular veins on steeply dipping 

cross fractures. American Zinc, Lead and Smelting Company has connected 

the Gray to the Kasper with a raise on this no. 4 stope zone (PI. IV). 

Oxidized lead ore was mined in the downward extension of the old 4 stope 

for 150 feet or 130 feet above the Gray level. These stopes in ore zone 

no. 1 on the Kasper level produced about 80 per cent of the oxidized ore 

mined from this level.
Ore Zone no. 2.. This sloping area consisting of 4 slopes is located 

900 feet southeast of Ore Zone no. 1 (PI. II). The ore occurs as irregu

lar, replacement bodies along bedding-plane faults. The slopes are mined 

70 feet above the level and 40 feet below the level. The ore in the lower 

sections of the slopes abruptly pinches down to narrow widths and becomes



very spotty. This is characteristic, of these small oxidized ore bodies. 
Several small stopes are on the bedding-plane faults for short distances 

along the strike of the bedding. These stopes did not produce much oxi

dised lead ore.
Ore Zone no. About 800 feet northwest of the strand no. 1 of the 

Blacksmith fault zone, the Hard Luck drift intersects the northwest 

faulted segment of the Hilltop quartzite (PI. II). The Hard Luck drift 

generally follows the hanging wall of the quartzite for 600 feet with 

auxiliary crosscuts and drifts along the footwall. These drifts cut 

cross faults which localized the ore along the hanging and footwalls of 

the quartzite. Five stopes are in the zone, but they produced only small 

tonnages of ore. The ore bodies are of the irregular, chimney replacement 

type and abruptly pinch out 20-50 feet above the level. Ore samples from 

the zone averaged 5 ounces silver, 22 per cent lead, and 2§ per cent zinc, 

with some assays from Stopes 4 and 5 running as high as 33 per cent lead.

The northwest drifts cut the quartz felsite dike which has been dis

cussed under Igneous Rocks. Some mineralisation occurs along the dike 

border for 120 feet, but the ore is very narrow. The mineralization is 

along the contact of the dike and limestones. This is the only occurrence 

of ore along an igneous dike in the mine. It indicates that the dike was 

pre-ore in character and opened the channel for solutions to deposit mine

rals along the favorable beds.

Gray adit level

Ore Zone no. 1.. This zone is developed in the northwest area of the 

Gray level (PI. III). Two beds in the upper portion of the Hilltop
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quartzite were replaced partially by sulphides. The ore is from 18 inches 

to 4- feet thick and is a clean, primary sulphide. This replacement ore 

does not continue for long distances along the strike and abruptly pin

ches out along the beds. The ore does the same on the dip, as it has 

only been developed for 40 feet above the level. These ores averaged 

2 ounces silver, 10 per cent lead, 6 per cent zinc, and 0.4-9 per cent 

copper.

An irregular ore shoot occurs at the intersection of the hanging 

wall of the quartzite and strand no. 1 of the Blacksmith fault zone.

This ore body was mined 25 feet above the level where it pinched out.

This is in the same relative position as ore on the Kasper and Black

smith levels. The ore probably connects through to the level above as 

pockety mineralization. This ore is clean sulphide and would give no 

difficulty in milling.

A "fissure" replacement vein deposit occurs along strand no. 1 of 

the Blacksmith fault zone with the Footwall limestone member as the wall 

rock. The vein is opened by a drift on the Gray level for about 80 feet 

where it is very irregular, varying from 6 inches to 4 feet in width 

(PI. III). High-grade sulphide ore forms a thin vein in a groundmass of 

gangue minerals; locally the sulphide vein swells to a greater thickness. 

Development work consisting of raises on the vein (PI. IV) has shown 

the vein to be cut by a flat cross fault about 47 feet above the level. 

The fault strikes N. 70o-80° E. and dips 46°-700 Htf. The sulphide ore 
occurs under the hanging wall of the fault and continues to the fault 

intersection with the footwall of the Hilltop quartzite. At this junc

tion the sulphide ore has been faulted to the northeast where it has been
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developed an additional 40 feet vertically. This sulphide ore persists 

to an elevation of 130 feet above the Gray level.

Subraise no. 1 was driven through oxidised lead ore from the oxi- 

dized-sulphide contact (Gray level plus 130 feet) for 150 feet vertically 

to the Kasper level. This oxidized ore extends for an additional 50 feet 

above the Kasper level where it narrows to a 1-foot vein. The oxidized 

ore is mainly ”sand carbonate," cerussite, with minor amounts of galena 

in a. gangue consisting of calcite, quartz from the quartzite, manganese, 

iron, and chlorite. The ore is in the form of an irregular, replacement 

vein extending for 65 feet horizontally.
Ore Zone no. 2. Stopes 1, 2, and 3 south develop this ore zone (PI. 

II). The ore is complex and consists of mixed oxidized and sulphide ore. 

Stope no. 1 ore was localized by a northeast-striking cross fracture 

where it intersected the hanging wall of the quartzite. At this junction 

there is also a bedding-plane fault between the hanging wall of the quart

zite and the overlying limestone. The ore pinches out 40 feet above the 

level. Stopes 2 and 3 are on a shear zone consisting of several closely 

spaced faults carrying a complex oxidized and sulphide ore in the narrow 

breaks. The shear zone strikes S. 80° E. and dips 700-8l° HE. Stope 

no. 2 produced about 800 tons of ore which was high in zinc. This shear 

zone also localises ore between the Gray and Rehm levels as shown in the 

.subworkings in Raise no. 1, 180 feet vertical.

Ore Zone no. j?. This zone is not developed on the Gray. The drifts 

have not been extended northwest from Ore Zone no. 1 to cut the down

ward extension of Ore Zone no. 3«



Rehm adit level

Ore Zone no. 1. Strand no. 1 of the Blacksmith fault zone is cut 

on the Rehm level in the northwest section of the workings (PI. III).

Rehm raise no. 3 has been driven 35 feet on a mineralized strand of the 

fault zone. The ore in the back of the raise is 2 feet wide and 

assays 21.7 ounces silver, 5•08 per cent lead, 0.37 per cent zinc, and

0.01 per cent copper. The vein on the Rehm level has the Footwall 

limestone member for its wall rock, as the Hilltop quartzite bed flattened 

and does not intersect the Rehm level.

Ore Zone no. 2. This zone is developed on the Rehm level by Raises 

1 and 2, 170 feet and 16$ feet, respectively, to the quartzite (PI. II). 

Raise 1, which is 3000 feet from the Rehm portal, has some low-grade 

ore on a shear fault system which strikes generally H. 60° Vi. and dips 

68o-80° HE. This is the downward extension of the ore in Stope no. 2 

south. Gray level. The sublevel workings on the Rehm were driven about 

110 feet in the zone and crossed several of these shear faults which con

tained mixed oxidized-sulphide ore. An upper subcrosscut was inaccessible.

Raise no. 2, 165 feet vertical to the quartzite, has some 250 feet 

of sublevel workings. The subdrifts cut some ore on a fault striking 
H. 80° Vi. and dipping 750 'NE. This fault is probably a member of the 

shear system that localized the ore in Raise no. 1.
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Mineralogy

Primary and secondary minerals are found in the Hilltop mine. 
The primary minerals were formed by hypo thermal and mesothermal 
solutions. The main primary and secondary minerals in the mine 
are as follows:

Primary
1. Calcite
2. Chalcopyrite
3. Chlorite
U. Clinozoisite 
£. Epidote
6. Garnet
7. Galena
8. lyrite
9. Magnetite

10. Quartz
11. Sphalerite 

Scheelite

CaCOj
GuFeSg
Mg5Al(OH)8AlSi01o
Ca2(Al,Fe)3(SiOlt)3
Ca2(-ftl,Fe)3(SiOl4)3
Fe3Al2(Si01;)3
FbS
FeS2
Fe30%
5102
ZnS
GaYJÔ12
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Secondary

1. Actinolite Ca2 (Mg,Fe) 5 (0H)2( Si^O^) 2

2. Anglesite PbS04

3. Azurite Cu3(C03)2(0H)2

4. Calcite CaCO^

5. Gems site PbC03

6. Chlorite Mg5Al(CH)8AlSi3010

7. Chrysocolla CuSi03*2H20

8. Copper Cu

9* Dolomite CaMg(C03)2

10. Limonite Fe203*H20

11. Malachite Cu2 (0H)2C03

12. Psilomelane BaRg0].8'2H20

13. Pyrolusite Mn02

14. Smithsonite ZnC03

15. Tremolite Ca2Mg5 ( OH) 2 (Si^On) 2

16. Wollastonite Ca3Si30g

17. Wulfenite PbMo04

18. Gypsum CaS04»2H20

Ore deposition controlling factors

The most important conditions for ore deposition at the Hilltop mine 
are the structural weaknesses which have resulted in the openings and bro

ken ground needed for the circulation of the ore solutions and the favora

ble brecciated zones for mineral deposition. These conditions seem to
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have been available in the crushed and broken quartzite on the Kasper 

and Blacksmith levels. The deposition of the ore vas along the struc

tural weaknesses which appear to have been developed during and toward 

the end of the mineralization epoch. The massive limestones adjacent to 

the brittle quartzite underwent plastic deformation resulting in quick 

healing of the fractures.

The types of the upper ore bodies fit into this conception of the 

structural control. The vein deposits formed in the most sharply cut 

shear faults and fractures where the mineralizing solutions penetrated 

and replaced some of the wall rock. The irregular replacement deposits 

developed in the crushed and brecciated zones in the quartzite where the 

ore solutions replaced some of the broken quartzite and occupied the open

ings. This is evident, since the irregular chimneys are too large and 

lenticular in shape to represent original openings.

The more brittle sedimentary units, those which would fracture in many 

places rather than flow into a new position, are the horizons where these 

escape channels developed in greatest numbers. Therefore the Hilltop 

quartzite is the chief host rock of most of the upper deposits. The ore 

preference for quartzite was possibly due to the fact that the ore solu

tions were saturated with lime after passing through the massive section 

and were not capable of replacing limestone.

Other formations were favorable for the circulation of the ore solu

tions, such as the contacts of the Footwall limestone member with the 

pre-ore faults and along the quartz felsite dike which cuts across the 

limestone unit. The largest and most important of these pre-ore fault 

zones is the Blacksmith fault zone. Development work on the Gray level



87has exposed mineralization for a width of 150 feet across the zone 

and 550 feet along the zone. The Footwall limestone member is the wall 

rock, and galena and sphalerite are the main sulphide ore minerals.

Other minor ore deposits in the Footwall limestone are along the Maverick 

fault and the quartz felsite dike. The ore deposits in the Blacksmith 

fault zone are a combination of fissure filling and limestone replacement. 

The solutions were capable of replacing some limestone along these strands 

from the Kasper level to the Rehm level with the larger exposures on the 

Gray level. These sulphide deposits in the limestone are subordinate in 

quantity compared to the many scattered oxidized deposits along the 

brittle quartzite member.
The conditions under which the ore solutions entered these weaknesses 

from below is of considerable importance. The favorable ore zones and 

beds do not extend directly toward the ultimate source of the mineralising 

solutions, as the evidence on the Rehm level shows. The Hilltop quartzite 

does not extend to the intrusive igneous masses which probably underlie 

the area and which cut the "Hilltop block" on the east margin. The Hilltop 

quartzite dips steeply to the southwest on top of the main ridge and flat

tens out into a slight reversal of dip between the Gray and Rehm levels. 

Therefore great thicknesses of limestone and other sediments lie between 

the quartzite and the igneous masses from which the mineralizing solutions 

were derived. These solutions had to traverse these underlying formations 

for considerable distances before reaching the Hilltop quartzite.

The type of these deep circulation channels is highly speculative. - 

Under high pressures and temperatures they probably were not open and 

simple as the fractures in the upper formations. The solutions had to
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come through some vay, and perhaps more important mineralization was 

developed along these channels at greater depth in the limestone "where 

the solutions were not yet saturated with lime dissolved from the lime

stone walls. The main question is whether these channels disappear in 

depth and are represented by thousands of seepages or appear as a few 

main conduits. Development on the Rehm level has shown only the Black

smith fault zone as an ore channel with minor sulphide mineralization 

along the strands.
This main Blacksmith trunk circulation may lead to more important 

mineralization as replacement bodies in limestones below the quartzite.

This low in the section, the solutions should not have been saturated 

with lime and therefore should have been capable of replacing the lime

stone, forming large replacement ore bodies. If seepage circulation 

brought the mineralizing solutions from the igneous sources to the Black

smith fault zone, the chances of finding replacement bodies below the 

Rehm appears to be very slight.
The evidence, as illustrated by the ore zones (Pi. II), indicates that 

the ore deposits favored the branching out more and more to greater com

plexity nearer the surface. As may be seen on the underground map (PI. II), 

deposits on the Kasper level suggest three zones of maximum mineralization 

as if they were branches from the feeders of these rather broadly distri

buted deposits. Ore Zone no. 1, extending for 500 feet to the southeast 

from strand no. 1 of the Blacksmith fault zone on the Kasper level, is the 

largest and most mineralized of these zones. This seems to bear out the 

supposition that the rising solutions passing through the Hilltop quartzite 

spread" out and entered the main broken and faulted zones.
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Origin of the ore

This subject has been referred to in other sections, so only the 

major factors will be summarized here. The ore deposits of the Hilltop 

mine area are associated with the igneous rocks of the same general- 

age. The ores have been furnished in connection with and probably from 

the underlying igneous masses. The mineralization is connected to the 

series of igneous processes.
The chief metallic substances were carried most abundantly near the 

close of the mineralization epoch, while the other effects, such as re

crystallization and forming of homfelses, were earlier. These metamor- 

phic effects made the lower members adjacent to the igneous sources im

permeable and tight, so that the solutions of the ore epoch found few es

cape or circulation channels in the lower beds. The ore solutions followed 

different channels and circulated through the broken beds which apparently 

had escaped most of the earlier metamorphism. This seems to explain the 

occurrence of the major mineral deposits in the brittle quartzite and asso

ciated unaltered Footwall limestone member.

The great thicknesses of limestone below, through which the ore solu

tions had to pass, neutralized the ore fluids and saturated them with cal

cium carbonate by the time they reached the brecciated quartzite, The ore 

solutions deposited calcite in the quartzite during the period of sulphide 

deposition. The solutions at this time were saturated with lime and could 

not easily replace the limestone, even when the limestone walled the chan- 

nelways.

Most of the Kasper level ore bodies are associated with the Hilltop 

quartzitej the larger deposits are usually near the hanging wall. The
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lime-s aturated condition of the rising solutions evidently would not 
allow them to replace the Hanging-Wall limestone member, but under 
the pressure they rose to this contact and replaced the brecciated 
zones in the quartzite. The oxidized ore bodies branch out along 
these weaknesses in the quartzite adjacent to the main channelways.
This is evident in the mine from the Blacksmith level to the Kasper 
level. The replacement of the brecciated quartzite developed larger 
ore bodies than possibly could have developed by only the filling of 
the open spaces left by fracturing and faulting, ihis replacement 
formed the irregular chimneys and bunchy expansions of ore in the 
upper sections of the mine. v

Mining methods

Mining on the Kasper level has been done by open-stoping methods.
This method is best applied to narrow veins, beds, or small irregular 
bodies. The minimum vein width is from 3 to U feet. Mining a vein of 
less than this width makes it necessary to remove some wall rock and sort 
the ore from the waste. This was done in the Kasper oxidized stopes where 
the ore occurred as "sand carbonate," cerussite. The fine-grained ore 
was screened, leaving all the waste behind, permitting the fine-grained 
sand to pass through the screen. The only disadvantage to this method 
was that some of the better ore broke in large pieces and was thrown out 
for waste. In several instances the waste was dumped into the sublevel 
workings to save tramming to the dump at the portal. In most of the 
open stopes, ore was held in the stope to enable the miner to drill from 
the muck pile. Just enough ore was pulled from the stope to maintain a



muck pile about 7 or 8 feet from the back for this purpose. This method 

is an adaptation of the general “shrinkage” type of mining.

In the sulphide and oxidized ore bodies between the Gray and Kasper 

levels, development raises, subraises, and subcrosscuts were driven on 

the narrow, streaked ore. Most of the veins or shoots dip 50o-80° and 
are adaptable to the open stoping methods. The raises used only stalls 

and lagging as timber along the chutes. The ore is shrunk by overhand 

stoping. The ore is held in the chute to support the walls and to enable 

the miner to drill the back from the top of the muck pile. The ore slides 

down by gravity into the breaker chutes, since 285 feet is too high a sin

gle drop for the ore. The ore is held up twice by these off-set chutes 

preventing the ore from tearing out the chute timber. The chutes are 

never pulled empty, as the ore matting protects the drift and chute timber.

In one stope. an "inclined cut and fill" method was used. One slice 

of ore was minedj then the stope was filled on about a 50° incline to 
enable the muck to roll by gravity. It is often necessary to lag over 

the gob in order to slide the ore into the chute. This method has been 

used on the flatter and wider deposits where the walls and back are not 

very strong and large slabs are likely to fall. The term "backfilling" 

is sometimes applied to this method.

There is no standardization of mining in the Hilltop mine, as the 

erratic ores do not adapt themselves to one method. Each small ore body 

requires an individual setup in order to mine it most efficiently. Most 

of the ore, however, is mined in open stopes, since the ore is narrow, 

steep, and has strong walls.
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Metallurgy and transportation of the ore

The ore mined in the northwest section of the Gray level is sulphide 

containing about 2 ounces of silver, 10 per cent lead, 7 per cent zinc, 

and 0.48 per cent copper. The ore is concentrated by normal flotation 

methods. The ore is trucked 26 miles to San Simon, Arizona, where it 

is loaded on Southern Pacific Railroad ore cars. The ore is shipped to 

the Peru Mill, Deming, New Mexico, where it is concentrated by flotation 

producing a lead concentrate and a zinc concentrate. The lead concen

trate is shipped to the American Smelting and Refining Company's lead 

smelter in El Paso, Texas. The zinc concentrate is shipped to the 

American Zinc, Lead and Smelting Company's zinc smelter at Dumas, Texas.

The oxidized lead ore. is shipped to the lead smelter at El Paso, 

Texas. The grade of the oxidized ore averages 2.96 ounces silver, 12.65 

per cent lead, 7.40 per cent zinc, and 0.25 per cent copper. Under the 

present conditions and metallurgical difficulties, it would not be eco

nomical to rail! this ore to save the zinc content. There is no hand 

sorting of the ore in the mining operation, and the dilution results in 

lowering the mine heads from 15-25 per cent lead to the 12.65 per cent 

lead ore that has been shipped.
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GEOLOGIC HISTORY

1. The earliest phase of the Cambrian transgression deposited 

the Upper Middle Cambrian Bolsa quartzite as the oldest formation in 
the area mapped. The base of this formation is not exposed in the 

area. After the deposition of the Bolsa quartzite, a rather rapid 

subsidence lowered the region into a deep and quiet sea, resulting in 
the deposition of the Upper Cambrian Abrigo limestone formation.

2. In Upper Devonian, waters again entered Arizona from the south

east (Stoyanow, 1942, pp. 1255-1262) and deposited the basal units of 
the Martin limestone conformably on the Cambrian strata. No Ordovi

cian or Silurian sediments were deposited in the Hilltop area.

5. Rapid deepening of the depositional trough with fairly quiet 

waters for a long period of time deposited the Lower Mississippian Es- 
cabrosa limestone conformably on the Martin. In this section of the 

southeastern basin, the withdrawal of this sea was not completej and 

it lingered through the late Mississippian depositing the fossiliferous 

Upper Mississippian Paradise formation as described by Stoyanow (1926, 

p. 315). This was evidently the only area in Arizona under sea in late 

Mississippian time.
4. The sea from the southeast next deposited the Pennsylvanian 

Naco limestone conformably on the Mississippian Paradise formation.

This long depositional period resulted in a very thick series of lime

stones, mudstones, and shales. The deposition continued into the Per—
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inian depositing the Footvrall limestone. Hilltop quartzite, and Hanging- 

Wall limestone members in the Permian series.

5. No triassic or Jurassic seas existed in this section of Ari- . 

zona. During the Lower Cretaceous (?) the region subsided; so that, 
probably along the shore of an advancing sea and in alternating deep 

and shallow water, a great thickness of conglomerates, limestones, sand

stones, and shales were laid down. No Upper Cretaceous rocks are known 

in the area mapped; and if any ever were deposited, they were stripped 

away by post-Cretaceous erosion.
6. Events of late Cretaceous and early Tertiary time cannot be 

precisely dated, but their general order seems reasonably well estab
lished. Near the close of Cretaceous (?) and early Tertiary, the region 
underwent structural deformation and igneous activity of the Laramide 

revolution. In the area compression from a general northeast-southwest 

direction folded the beds and resulted in low-angle faulting. This dias- 

trophism was accompanied by bedding-plane and high-angle faulting. This 
general period developed the shear-fault system striking northeast-south

west. This system of faults was the main ore channel. The igneous in

trusions of this period formed the igneous bodies with the accompanying 

metamorphism and mineralisation. Low-angle cross faulting occurred dur

ing the mineralisation epoch and localised some ore.

7. During the Laramide diastrophism, the region attained great re

lief and was followed by erosion. This period of erosion exposed some 

of the igneous bodies and deposited sediments in the lower areas.

8. A thick volcanic series, made up chiefly of rhyolite flows, 

covered the area during the middle (?) Tertiary period. After the



volcanism, probably at the close of the Miocene as dated by Maxwell 
(19111), block faulting elevated, -with more or less tilting, a large 
portion outlining the "Hilltop block" and present topography of the 
range. This uplift tilted the "Hilltop block" and the volcanics to the 

southwest.
9. During Quaternary time the region was marked by further 

erosion of the uplands, deposition in the valleys, and completion of 
the present-day topography.
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PLATE VII

A. Chaetetes milleporaccus colonial corals occurring in 
a biostrome 300 feet above Escabrosa-Naco contact. 
Pencil points to a typical "cabbage head." The outcrop 
is 800 feet northwest of the Rehm adit dump.
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PLATE VIII

Cretaceous (?) strata exposed near Kasper west portal. 
The beds are thin-bedded limestones, shales, and sand
stones which dip to the southwest.

r  ^

Tertiary (?) rhyolitic flows occurring east and north 
of East 7/hitetail Creek. View, looking north, showing 
the typical weathering.



PLATE IX

Dunn shaft, reportedly the discovery point of the Hilltop 
nine, was sunk on the contact of the hanging wall of the 
quartzite and strand 1 of the Blacksmith fault zone.



PLATE X

B. Gray adit portal and dump, showing the blacksmith shop 
and water tank. Massive marble and homfelses beds 
crop out above the portal.



PLATE XI

Rehm adit dump and mine buildings are at the portal 
of the lowest adit, elevation 60£0. The portal is 
behind the center buildings.
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PLATE H I

A, View of Hilltop mine area and main mountain ridge, 
looking south from Maverick Peak. Hilltop camp is in 
lower left corner.

3, Middle and Upper Cambrian Abrigo limestone showing the 
characteristic laminated weathering produced by alter
nating sheets of chert with the gray limestone".
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