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ABSTRACT

The Union Hill area contains blocks of weakly- to 
strongly-metamorphosed and metasomatized Paleozoic sedi
mentary rocks intruded by a series of younger igneous 
rocks. The stratigraphic position of the sedimentary 
sequence has been recognized by lithology, stratigraphic 
correlation, and.inference. The sedimentary units repre
sented in the Union Hill area are the Cambrian Bolsa 
Quartzite, the Cambrian Abrigo Formation, the Devonian 
Martin Formation, the Mississippian Escabrosa Limestone, 
and the Pennsylvanian Horquilla Formation.

The principal intrusive rocks are a dacite porphyry 
and a monzonite porphyry.

The entire area has been subjected to metasomatism 
and metamorphism manifested by alteration and mineraliza
tion. The original character of many of the sedimentary 
rocks has been obscured by the metamorphism. The sediments 
now are tactites, hornfelses, and marbles.

Faults and dikes have cut up the area into normally 
faulted blocks which rest on the intrusive rocks.

Metasomatism rather than metamorphism is respon
sible for the majority of the changes in the rocks. 
Alteration and mineralization are intimately related to 
the monzonite intrusion.
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ix
The sedimentary units composed of massive mono- 

mineralic strata--the Cambrian Bolsa Quartzite, the middle 
member of the Cambrian Abrigo Formation and the Missis- 
sippian Escabrosa Limestone--are virtually unaffected by 
metamorphism or metasomatism. The less pure strata--the 
lower and upper members of the Cambrian Abrigo Formation, 
the Devonian Martin Formation and the Pennsylvanian 
Horquilla Formation--are drastically changed and suffi
ciently well mineralized to be of economic significance.



CHAPTER I

INTRODUCTION 

The Problem
Although a great deal of geological work has been 

done in the Silver Bell district (see Previous Work, p. 5) 
to date no definitive stratigraphic studies have been made 
of the complex of meta-sedimentary rocks in the Union Hill 
area. The sedimentary rocks in the Union Hill area have 
been selectively metamorphosed and mineralized. In order 
to determine if the selectivity is a function of rock type 
or structure, the resolution of the stratigraphy is of 
prime importance. Because Silver Bell is only one of many 
contact metamorphic deposits of this type in southern 
Arizona, it is hoped that the results of this study will be 
useful in the future as exploration guides to similar ore 
bodies.

Location
The Union Hill area comprises a zone roughly 3/4 

mile by 1/2 mile. The area is centered about Union Hill 
which lies 1,000 feet east of the El Tiro pit of American 
Smelting and Refining Company's (ASARCO) Silver Bell unit. 
The region is about 38 miles northwest of the city of 
Tucson. Access is via the Tucson-Casa Grande highway to

1
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4
the Arizona Portland Cement plant. From the cement plant 
one turns onto the Avra Valley road to the west, a paved 
road which leads to the townsite of Silver Bell. From the 
ASARCO plant, company-owned graded and oiled dirt roads 
lead into the Union Hill area.

The relief in the area is moderate, from 2,500 feet 
to 3,500 feet, and the vegetation is typical of the 
Arizona-Sonora desert flora at this elevation in the Basin 
and Range Province.

History of Mining
Modern mining in the Silver Bell district was 

initiated in 1865 for silver values from an enriched out
crop near Union Hill. This sporadic, small-scale mining 
gave way in 1899 to a larger scale operation which consoli
dated the several small claims under the control of the 
Silver Bell Copper Company. In 1903 the Imperial Company 
became the successor to the Silver Bell Copper Company. 
Production ceased in 1910 and the Imperial organization 
went into receivership in 1915 because of lack of high 
grade ore and the drop in the price of copper in 1912. In 
1917-1918 the ownership was acquired by ASARCO. Only minor 
production came from the area near Union Hill. The year 
1941 saw "porphyry copper" interest develop in the El Tiro 
and Oxide areas. Because of this the ground around Union 
Hill was retained by ASARCO. The El Tiro open pit at



Silver Bell which is currently being mined was put into 
production in 1954.

In the late 1950's the possibility of developing 
ore reserves in the blocks of metamorphosed sedimentary 
rocks near the El Tiro pit was recognized and subsequently 
a drilling program was implemented in the Union Hill area.

Previous Work
ASARCO staff geologists and others have published 

studies from time to time on portions of the Silver Bell 
district. Published works include papers by W. G. Barney 
(1904), Charles A. Stewart (1912), Paul F. Kerr (1951),
K. E. Richard and J. H. Courtright (1954, 1966), and T. W. 
Micham (1955). The unpublished works include theses by 
graduate students and private file reports prepared by 
mining interests. To date the most detailed work done in 
the region of Union Hill is an ASARCO private report pre
pared by Mr. S. Von Fay. It is from Von Fay's report that 
most of the information under History of Mining was 
gathered.

5

Procedure
The accompanying surface map is largely a compila 

tion of data gathered by several geologists starting with 
Harrison A. Schmitt in 1941. Minor adjustments of detail 
were carried out while surface samples were collected. A



series of longitudinal and transverse sections were pre
pared from drill hole data on spacings averaging 175 feet.

From these data the sections included as Plate 3 
were prepared.

A total of 192 thin sections were prepared and 
studied. These were selected from both surface outcrops 
and drill core samples.

Regional Setting
The Silver Bell Mountains are included in the Basin 

and Range Province of southern Arizona. Portions of the 
Silver Bell Mountains and their immediate neighbors to the 
south, the Waterman Mountains, are made up of Paleozoic 
sediments intruded by igneous rocks and capped by Tertiary 
to recent volcanics and their clastic derivatives 
(McClymonds, 1959, p. 67).

The zone of alteration, mineralization, and intru
sive activity at Silver Bell is roughly three-quarters of a 
mile wide and five miles long. The elongate zone strikes 
generally west-northwest. It has been proposed that the 
intrusive rocks were guided to their present positions by a 
recurrent fault or zone of structural incompetency (Richard 
and Courtright, 1966), hereinafter referred to as the 
"major structure."

Pendents of sedimentary rocks occur in the intru
sive s . This study as stated is chiefly concerned with a

6



metamorphosed and mineralized portion of these sedimentary 
rocks in the Union Hill area.



CHAPTER II

SEDIMENTARY ROCKS 

General
The rocks in the vicinity of Union Hill are 

tactites, homfelses, marbles, and quartzites. The origi
nal sedimentary character of these rocks has been largely 
obliterated as a result of metamorphic and metasomatic 
action, although sufficient exposures of partially altered 
rocks remain in the general area to allow some inferences 
to be made regarding stratigraphic relationships.

References to the sedimentary sequence in the Vekol 
Mountains (Carpenter, 1947), 30 miles to the northwest; the 
Slate Mountains (Hogue, 1940), 20 miles to the northwest; 
the El Tiro Hills (Clarke, 1965), five miles to the west; 
the Waterman Mountains (McClymonds, 1959), five miles to 
the southeast; and the Koht Kohl Hills (McClymonds and 
Heindl, 1965), five miles to the south of Union Hill will 
be made for purposes of comparative lithology.

In general, a given sequence found at any one of 
the above locations is readily correlated with its counter
part from another location. However, in details of 
lithology there is often a discrepancy in individual

8



Thesis Area as Viewed from Northwest
Figure 3

(A) Quartzite Peak, (B) Union Hill, (C) Page Hill, 
(D) Confidence Peak.

Figure 4
Thesis Area as Viewed from Northeast

Page Hill is the hill along the left margin showing 
many drill roads on its flanks. Union Hill is the dark hill 
in the center.
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Figure 4



outcrops of the same geologic unit from two so widely 
separated locations.

Within the area under study is a thickness of 
approximately 2,200 feet of sediments. Unfortunately, 
more than 1,200 feet of these sediments have been meta
morphosed, metasomatized, intruded by several igneous 
rocks, and faulted into slivers and blocks. The remaining 
1,000 feet have been partially metamorphosed, but the 
original character of these rocks has not been totally 
destroyed. The proposed largely speculative explanation 
of stratigraphic relationships is based upon comparison of 
the series of relatively undisturbed Paleozoic rocks within 
six miles of Union Hill with what is considered to be their 
metamorphosed equivalents in the Union Hill area.

Breaks in the stratigraphic column in Southern 
Arizona, as elsewhere, are not always marked by either an 
unconformity or a change in lithology. Because of very 
similar sedimentary processes involved at the end of a 
given time span and at the beginning of the succeeding 
span, the rocks immediately adjacent to a time boundary 
are often alike. Time breaks in the Paleozoic column in 
central Arizona, even though there may have been a con
siderable hiatus, are generally marked by conformable 
deposition (Wilson, 1964, pp. 26-33). For these reasons, 
even though there may be perfect agreement in detailed 
lithology between two geologic sequences separated by some

10



distance, often two authors do not use identical criteria 
in the field to separate two sequences.

A total of 77 holes have been drilled in the area 
covered by the accompanying geologic map (Plate 1). The 
drill hole data were particularly helpful in the indirect 
identification of some of the sedimentary units. For 
example, on the south side of Page Hill are a series of 
partially altered limey sedimentary rocks. From outcrop 
exposures alone it was only possible tentatively to 
identify the formation as either the Devonian Martin 
Formation or the Pennsylvanian Horquilla Formation. Four 
drill holes in the area showed that immediately underlying 
the outcropping formation were 245 feet of marbleized 
Escabrosa Limestone. In nearby surrounding areas, the 
Horquilla Formation immediately overlies the Escabrosa 
Formation and it is therefore more than likely that the 
outcropping formation is the Horquilla rather than the 
Martin Formation.

11

Cambrian System

Bolsa Quartzite
The oldest rock unit outcropping within the thesis 

area is the Cambrian Bolsa quartzite. The quartzite crops 
out on the northwestern end of Union Hill and across the 
wash to the north on Quartzite Peak (see Plate 1).
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In the Waterman Mountains, McClymonds (1957, 

pp. 13-15) describes a quartzite as the Cambrian Troy- 
formation. This quartzite is now considered to be Cambrian 
Bolsa. This distinction is a matter of geological seman
tics, according to D. L. Bryant (personal communication, 
July, 1966).

Kingsbury (1941, p. 16) describes outcrops of 
Cambrian Bolsa in conformable contact with the overlying 
Cambrian Abrigo in two places about one and one-half miles 
to the east of Union Hill.

Field comparisons of the quartzites from the 
Waterman Mountains, from the exposures east of Union Hill, 
and from the Union Hill area itself showed that the three 
are lithologically similar.

All three quartzites weather to topographic highs 
and erode to large blocks. From a distance one can rarely 
discern bedding planes, and the bedding planes cannot be 
seen upon closer inspection. Instead, cross-stratification 
is noted, but only where the original very faint cross has 
been accentuated by concentration of iron minerals or by 
differential weathering (see Fig. 7). Desert varnish is 
common along certain fractures. On a fresh fracture, the 
rock has a very glassy appearance and a fracture breaks 
across individual grains. As seen under the hand lens, the 
individual grains vary from clear to gray-milky white.



Figure 5
Oblique Aerial Photograph of Quartzite Peak

from Northeast
Left edge of picture shows northwestern tip of 

Union Hill. Note El Tiro pit in background.



Quartzite from Quartzite Peak Showing Bedding
Figure 6

Figure 7
Quartzite, from South Side of Quartzite Peak 
Showing Bedding Planes and Cross Bedding



Figure 6

Figure 7
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Each of the exposures contains from fine- to coarse-grained 
facies.

The Bolsa quartzite in the Waterman Mountains is 
220 feet thick (McClymonds, 1959, p. 68). On Quartzite 
Peak it is at least 230 feet thick. Across the wash on the 
northwestern tip of Union Hill are an additional 180 feet 
of quartzite. No field evidence supporting repetition of 
the beds was noted owing to the uniform nature of the 
massive quartzite and the lack of continuity of the narrow, 
shaley seams. Some repetition of the beds through faulting 
or through intrusive displacement can be postulated, how
ever, to account for the unusual thickness.

The exposure of quartzite on Quartzite Peak strikes 
N 45° W and dips 45° to the south. It rests upon dacite 
and monzonite intrusives. To the south, the quartzite is 
inferred to be overlain by Abrigo (?) Formation in one 
area. In another area on the northwest slope of Union Hill 
the Bolsa quartzite is in fault contact with the Abrigo (?) 
sedimentary rocks. The fault is irregular and locally has 
been intruded by dikes.

All of the Bolsa quartzite in the area studied is 
underlain by younger intrusives. Most of the exposures 
have no upper sedimentary rock contacts because of faulting 
or erosion (see section, Plate 3).

Six thin sections were made of the Bolsa and the 
Permian Scherrer Formations in the Waterman Mountains.
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These thin sections were compared with six thin sections of 
the quartzite from the Union Hill area. The Permian 
Scherrer was the only quartzite which showed well-defined 
grain boundaries with original grain characteristics. The 
Cambrian quartzites from both the Waterman Mountains and 
from Union Hill showed total obliteration of original 
sedimentary textures and grain boundaries. The sections 
from the Union Hill area showed that the granules in the 
coarser fraction, so noticeable in hand specimen, were not 
single grains. Rather, they were composites of interlocking 
grains having different orientations with a faint rim of 
iron minerals outlining the original, larger granules. In 
hand specimen the individual grains making up one of the 
larger granules all have the same color, which aids the 
illusion of seeing one grain. A possible explanation for 
the composite granules is that they were pebbles derived by 
erosion of an older quartzite. During sedimentation the 
pebbles acquired a rim of iron minerals. Subsequent 
silicification by solutions emanating from intruding 
igneous rocks was sufficient to obliterate the boundaries 
and texture of the original grains, but the rim of iron 
minerals was retained.

There has been some doubt by previous workers as to 
whether this quartzite should be considered Precambrian, 
Cambrian, or perhaps even Permian.
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Stewart (1912, p. 1105) proposed the idea that this 

quartzite was an alteration product of the dacite porphyry 
rather than being sedimentary in origin, an idea subse
quently endorsed by Kingsbury (1941, p. 15). His comments 
follow:

In the northwest area of the Silver Bell district 
a quartzite (?) occurs as a protective capping on 
three of the more prominent hills. The largest 
of these occurrences is continuous to the south 
and abuts the Union and Mammoth ridges. Since 
definite bedding planes are absent, these occur
rences may not represent Bolsa quartzite. No 
evidence of an overlying Abrigo Limestone was 
noted, and the characteristic schistose bands of 
black shale are absent. The microscope suggests 
that it may be highly silicified porphyry.
Should this be Bolsa, a fault of considerable 
magnitude would exist between it and the lime
stone of the Billy mine. Such an interpretation 
is possible, but no supporting evidence was 
observed.

The following observations are presented in rebuttal 
to the several arguments that this quartzite may not be of 
Cambrian age.

In the Waterman Mountains, McClymonds (1957, 
pp. 13-15) describes a quartzite as the Cambrian Troy 
Formation. This quartzite is now considered Cambrian Bolsa.

Kingsbury describes outcrops of Cambrian Bolsa in 
conformable contact with the overlying Cambrian Abrigo in 
two places about one and one-half miles to the east of 
Union Hill.

Concerning Kingsbury's statement that "definite 
bedding planes are absent" in the quartzite from the Union
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Hill vicinity, it should be pointed out that the bedding 
planes observed in the field by the writer are far from 
being obvious. A great deal of detailed care must be 
exercised to identify bedding planes.

Kingsbury's reference to the lack of an overlying 
Abrigo limestone is well taken. However, an increase in 
knowledge of the Abrigo has been acquired since Kingsbury's 
study of the area was made. It has been recommended that 
the term Abrigo limestone be supplanted by Abrigo Formation 
because of the variations in lithology within the Abrigo 
(Krieger, 1961, p. 163). For example, in the nearby 
Waterman Mountains, there is a thickness of 275 feet of 
siltstones, shales, and sandstones at the base of the 
Abrigo over which lie the 430 feet of limestones and limey 
shales. Since it is not unreasonable to expect continuity 
of the 275 feet of clastic sediments over the five mile 
distance between the Waterman Mountains and the Union Hill 
area, Kingsbury's comments on the necessity of an overlying 
limestone bed to prove the existence of the BoIsa may be 
discounted.

Kingsbury gave no measured section of the Bolsa, 
and it is consequently not known where he separated the 
Bolsa from the overlying Abrigo Formation. He states that 
the "characteristic schistose bands of black shale" are 
absent. None of the sections of the Bolsa from the Waterman 
Mountains (McClymonds, 1957, p. 152), the Slate Mountains
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(Hogue, 1940, p. 16), or the Twin Peaks (Britt, 1955, 
pp. 54-55) mention schistose bands of black shales in the 
upper section of the Bolsa although most of the above 
references include shales in the Abrigo Formation. The 
above references apparently use the same criterion estab
lished by Carpenter (1947, p. 11) for distinguishing the 
Bolsa from the Abrigo: the contact is arbitrarily placed
at the top of the highest prominent quartzite bed. It is 
possible that Kingsbury included part of the lower Abrigo 
as the upper Bolsa, thereby incorporating shales into his 
Bolsa quartzite identified east of the Union Hill area.

The above, in addition to the fact that the quartz
ite from Quartzite Peak does have a few very narrow non- 
continuous shale seams, makes Kingsbury's statement 
regarding the lack of shale bands seem to be not highly 
relevant.

Kingsbury remarks that "the microscope suggests 
that it may be highly silicified porphyry." Examination 
of the zircon crystals from crushed fragments reveals 
rounded, poorly terminated crystals, and suggests that the 
quartzite is a product of sedimentation. This, in addition 
to the observation of stratification and occasional shaley 
seams along bedding planes established the quartzite as a 
product of sedimentation, not alteration of an igneous 
rock.
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The limestone of the Billy mine (on the north

western end of Union Hill) was believed by Kingsbury (1941, 
p. 43) to be Mississippian Escabrosa. Because of this, he 
made the following statement regarding the quartzite from 
Quartzite Peak. "Should this be Bolsa, a fault of con
siderable magnitude would exist between it and the lime
stone of the Billy mine. Such an interpretation is 
possible, but no supporting evidence was observed." One 
of the proposals of this paper is that the limestone in 
question is indeed not Mississippian Escabrosa, but rather 
that it is the middle member of the Cambrian Abrigo forma
tion. In this case, there is no need for a fault of 
considerable magnitude to exist between the limestone and 
the Bolsa quartzite.

On the basis of the above observations the quartz
ite from Quartzite Peak and the northwestern tip of Union 
Hill are identified as Cambrian Bolsa Quartzite.

Abrigo Formation
The term Abrigo as originally defined by Ransome 

(1904, pp. 30-33) included the section between the Cambrian 
Bolsa quartzite and the Devonian Martin limestone. For 
reasons of local variations in the Abrigo, Stoyanow (1936, 
p. 480), Carpenter (1947, p. 10), and others have variously 
augmented and redefined strata termed Abrigo. In this



Figure 8
Exposure of Lower Member of Abrigo Formation 

Along Northwestern Slope of Union Hill
Note contorted bedding in block in upper right- 

hand quadrant.

Figure 9
Massive Marble of Middle Member 

of Abrigo Formation
Note garnetized piece next to rock hammer.
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Figure 9



22
work, the term is used to describe the sequence as defined 
by Ransome.

About one and one-half miles east of the thesis 
area lie the closest identified exposures of Abrigo rocks. 
These rocks were originally mapped by Kingsbury (1941, 
p . 16) as Abrigo on the basis of lithology and strati
graphic position. The Abrigo here consists of a series of 
limestone and shale beds (now marbleized limestone and 
hornfels) varying from one-quarter to one-half inch in 
thickness. Differential weathering causes the hornfels to 
stand out in marked relief, giving the rock a grooved 
appearance. Another characteristic of this rock is that 
under stress it behaves differently from other laminated 
sediments of the same terrane. Kingsbury aptly described 
the field appearance as:

... . --t

When disturbed by faulting or folding the 
Abrigo differs in behavior from other formations.
Other limestones break clean or become shattered 
so that all structure and even identity is 
obliterated; whereas, the Abrigo resists breaking, 
distorts into fantastic shapes, and breaks into 
small blocks. These blocks all weather with the 
characteristically grooved surface.

The same thin-bedded sedimentary sequence has been 
observed in the upper Cambrian rocks in nearby localities 
by Ruff (1951, p. 19), McClymonds (1957, p. 16), Britt 
(1955, p. 13), Carpenter (1947, p. 8), and Hogue (1940, 
p. 17). Hogue's description of the weathered rock is "the
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bedding is uneven giving the bedding surfaces a gnarled, 
crinkly appearance."

In the Waterman Mountains, McClymonds1 (1957, 
pp. 145-151) measured section of the Abrigo consists of 
three members. The lowest member is 275 feet of alter
nating, thin beds of limey siltstones, shales, and 
calcareous sandstones. Above the lowest member are 262 
feet of limestone. Above the limestone lies the upper 
member of 171 feet of thin-bedded alternating limey marls 
and siltstones. Similarly, in the north Waterman Mountains, 
Ruff. (1951, pp. 16-23) reports 288 feet of thin-bedded, 
alternating limey-shales and sandstones as a basal member, 
overlain by 239 feet of limestone, which in turn is over- 
lain by 104 feet of alternating, thin-bedded limey sand
stones, shales, and limestones.

Field comparison of the Abrigo in the Waterman 
Mountains with Kingsbury's Abrigo in the Silver Bell 
Mountains shows that lithologically, the exposures of

i
Abrigo are alike, except for the reported thicknesses. In 
the Silver Bell region the Abrigo is about 430 feet thick 
(Kingsbury, 1941, p. 16), whereas in the Wapeman Mountains 
the Abrigo is reported to be 708 feet thick (McClymonds,
1957, pp. 15-22) and 631 feet thick (Ruff, 1951, pp. 16- 
23).

The northwestern tip of Union Hill is a ridge 
formed predominantly of Cambrian Bolsa quartzite. The
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Figure 10
Upper Member of Abrigo Formation

Note thinly bedded alternating layers of hornfels 
and limey material. Portions have been garnetized.
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southwestern side of this ridge almost forms a dip slope 
with the quartzite. Near the base of the slope are several 
small prospect pits which expose a fine-grained, thin- 
bedded, banded hornfels. The exposures are not adequate to 
take proper strike and dip measurements; however, the 
bedding apparently is conformable with the bedding in the 
Bolsa quartzite. The contact between the quartzite and the 
hornfels is covered, but inferred to be conformable.

In the saddle between the above mentioned ridge and 
Union Hill is another outcrop of fine-grained, thin-bedded 
banded hornfels. The hornfels outcrops in a patch about 
300 feet long. The hornfels strikes N 45° E and dips 
30-35° to the southeast. The thickness of the beds in this 
outcrop approach 200 feet. The hornfels is in fault con
tact with the Bolsa quartzite. In hand specimen the 
hornfels is an aphanitic, highly fractured, dense rock 
with alternating light- and dark-gray bands from one- 
quarter to three-quarters of an inch wide (see Fig. 8).

Both of the above described exposures of hornfels 
are the only rocks on Union Hill with relict, well pre
served, primary structures such as bedding. Both exposures 
of the banded hornfels are lithologically what might be 
expected as a product of contact metamorphism of the above 
described alternating shale, limestone, banded portion of 
the lower Abrigo Formation. Considering the lithology and 
the inferred position of the hornfels stratigraphically
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above the Bolsa quartzite, it is proposed that the homfels 
be tentatively identified as equivalent to the lower member 
of the Abrigo formation as reported in the Waterman 
Mountains by Ruff and McClymonds.

To the north of, and in fault contact with the 
homfels from Union Hill is a 120 foot thickness of lime
stone . The limestone has an attitude similar to the 
attitude of the homfels (N 35° E,strike, SE 25° dip). The 
limestone has been marbleized. It is fairly clean and 
composed of large (up to one-half inch in diameter) crystals 
of calcite. The marbleized limestone has occasional seams, 
bands and pods of chert and silty concentrations. All 
evidence of original structure and texture of the limestone 
has been erased by metamorphism. Overlying the limestone 
are at least 100-150 feet of metamorphosed limey sedi
mentary rocks. It is possible that the limestone and the 
overlying limey sedimentary rocks are equivalent to the 
middle and upper members of the Abrigo sequence as detailed 
by Ruff and McClymonds.

In spite of the fact that insufficient evidence 
exists to correlate absolutely the limestone and overlying 
metasediments with the nearby upper Abrigo sequence in any 
but a speculatory fashion, the sequence from the northern 
tip of Union Hill is tentatively correlated with the Abrigo 
formation.
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Upper Abrigo Middle Abrigo Lower Abrigo 

Member Member Member

Central
Waterman
Mountains

171' marls & 
siltstones

262' limestone 275' thin- 
bedded limey 
sandstones & 
shales

North
Waterman
Mountains

104' limey 
shales, 
sandstones

239' limestone 288' limey 
shales & 
sandstones

Union
Hill
Vicinity

100' (plus) 
of metasedi
mentary limey 
rocks

120' limestone 200' (?) thin 
bedded hom- 
f els

Devonian System

Martin Formation
The Devonian Martin Formation has been tentatively- 

identified on Union Hill in several faulted blocks. The 
identification is based upon two criteria. The first is 
the lithology of the metamorphosed-metasomatized Martin 
Formation. The second, and more indicative, is the rela
tionship of the Martin to the more readily identified 
overlying Escabrosa Limestone, and the underlying, upper 
member of the Abrigo Formation.

In the Silver Bell Mountains, the Martin Formation 
is composed of thin-bedded, dirty, dolomitic limestones. 
The impurities are quartz sand, and silt. Metamorphism 
and metasomatism of a sequence of the Martin Formation
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produces alternating thin beds of calc-silicate hornfels, 
tactite, and occasional layers of marble. The resultant 
metamorphic rocks are for all practical purposes identical 
to parts of the metamorphosed Abrigo or Horquilla Forma
tions .

As pointed out earlier, drill hole results were 
often useful to identify a formation by indirect means.
For example, the Martin Formation was identified at depth 
beneath Page Hill from drill core data. Because of meta
morphism the sequence was difficult to identify. Immedi
ately overlying the sequence was the easily recognized 
Escabrosa Limestone. Because the Martin occurs conformably 
under the Escabrosa in this part of Arizona, it is inferred 
that the sequence in question is the Martin Formation.

Occasionally there was some doubt concerning the 
validity of the identification of the Martin. When this 
occurred, on the map and section (Plates 1 and 2) the 
strata were shown as "Devonian Martin Formation (?)."

In thin sections from drill core and surface 
samples, the metamorphosed Martin varies from a granoblastic 
rock composed of equant grains of calcite, to a calcite- 
diopside-hedenbergite-grossularite hornfels of the 
amphibolite facies.

The surface exposures of the Martin Formation on 
Union Hill are very dark tactite rocks composed of garnet 
and hematite. The garnet varies from a dark brown through
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Figure 11
Exposure of Martin Formation Along 

Crest of Union Hill
The rock is almost completely altered to garnet 

and hematite.
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a brownish-green to a light green color. The most common 
color for the garnet was brownish-green. A composite 
sample of the brownish-green garnet was examined and found 
to be 45% andradite, and 55% grossularite. The index of 
refraction of 1.81 corroborates the laboratory's findings.

In spite of the many impurities in the Martin 
Formation prior to metamorphism and metasomatism, the 
occasional large blocks of greater than 75% hematite or 
garnet indicate that some iron, alumina, silica, and 
calcium were either introduced or expelled from the forma
tion. Presumably the local concentration of any of the 
elements could have been accomplished by metamorphic or 
metasomatic processes. Minor changes in the rock from 
metamorphism took place before the metasomatism. These 
metasomatic changes will be discussed later.

Mississippian System

Escabrosa Limestone
In the central Waterman Mountains, the Escabrosa 

consists of 230 feet of limestone with two thin (1-3 feet), 
intercalated beds of sandstone (McClymonds, 1965, pp. 90- 
91). Ruff (1951, pp. 28-31), describes a similar sequence 
in the northern Waterman Mountains, closer to Kingsbury's 
exposures of Escabrosa. Comparison of Ruff's and 
McClymonds' detailed stratigraphic sections show them to 
be almost identical from the top of the Escabrosa down



through the Devonian Martin Formation, except for the 
location of the break between the Escabrosa and the Martin.

In the region around Silver Bell the Escabrosa is 
about 270 feet thick (McClymonds, 1941, p. 18) and is 
composed of massive, fairly clean limestone. Two thin 
sandy layers divide the Escabrosa into three units of almost 
equal thickness. The sandy layers do not exceed four feet 
in thickness.

In spite of the strong effects of local meta
somatism, the Escabrosa still serves as a good stratigraphic 
marker. For example, from drill hole data it is known that 
there are several blocks of metamorphic limestone at least 
250 feet thick with only two thin strata of homfelsic 
material intercalated with the limestone. For some reason, 
often only one of these layers appears in the drill core.

The only other massive limestone which might be 
mistaken for the Escabrosa is the Permian Colina. Even 
though metamorphosed the Mississippian Escabrosa is dif
ferentiated from the Permian Colina by the absence of the 
sandstone units from the overlying Scherrer Formation, as 
well as by the presence of predominantly dolomitic lime
stones, the Devonian Martin Formation, below the Escabrosa.

The Escabrosa Limestone was identified in outcrop 
in only one exposure. Southeast of Page Hill on the north
western slope of Confidence Peak are a series of outcrops 
of metamorphosed limestones. The limestone has been
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Figure 12
Oblique Aerial Photograph of Page Hill (a) and 

Confidence Peak (b) Viewed from Southeast
Only large exposures of the Escabrosa Limestone 

(Me), and the Horquilla Formation (Ph) are marked.
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partially altered to marble and is extremely coarsely 
crystalline. The total thickness of these outcrops is 
about 240 feet. Forty feet above the base is a two foot 
bed of chert or aphanitic quartzite. Thickness and general 
character of this exposure is in good accord with the 
Escabrosa section from the Waterman Mountains. There are 
no drill holes near enough to the outcropping Escabrosa to 
check on its continuity at depth. However, the limited 
outcrops do appear to continue down dip along the slope of 
Confidence Peak.

In thin section the Escabrosa, where strongly 
metamorphosed, is largely composed of a mosaic of equant 
calcite grains up to 0.2 inch in major dimension. Occa
sionally the sections show some silification of the marble, 
but rarely is silication noted except along the more impure 
strata.

Pennsylvanian System

Horquilla Formation
In the Central Waterman Mountains, McClymonds lists 

490 feet of Pennsylvanian Horquilla Formation. Above this 
lie 895 feet of Pennsylvanian-Permian Earp Formation 
(McClymonds, 1965, pp. 79-90). Both of these formations 
are composed of alternating beds of limestone and siltstone 
These two formations total 1385 feet. This total is to be 
compared with only 671 feet of sedimentary rocks
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intervening between the Mississippian Escabrosa and the 
Permian Colina in the north Waterman Mountains as measured 
by Ruff (1951, pp. 32-35). Ruff's and McClymonds' measured 
sections are less than a mile apart. To account for the 
difference in thickness McClymonds states, "Thrusting may 
have cut out or caused repetition of the section within 
some of the more incompetent beds." These two sections are 
the only complete sections of upper Paleozoic rocks within 
30 miles of Silver Bell.

In the Vekol Mountains 530 feet of equivalent rocks 
were measured by McClymonds (1965, pp. 3-7). This repre
sents only a partial section as the top of the section is 
covered by recent alluvium. In the Slate Mountains 
McClymonds (1965, pp. 33-37) measured a 380 foot section 
of the same sequence. This again, is only a partial 
section because the upper strata are covered. In the Twin 
Peaks area, Britt (1955, pp. 23-25) measured a partial 
section of the sequence above the Escabrosa of 896 feet.

Kingsbury shows a thickness of 280 feet of sedi
ments between the Escabrosa and the Colina. Presumably 
this is an incomplete section for, although the base is 
conformable upon the underlying Escabrosa, the upper con
tact with the Colina is marked by several bedding plane 
faults. The reported 280 feet of sediments is at variance 
with nearby thickness of equivalent rocks, however, there 
is a possible explanation for this difference. Kingsbury
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reports a section of 270 feet of Escabrosa beneath the 
Pennsylvanian Horquilla Formation. This is in close accord 
with all reported nearby thicknesses of the Escabrosa 
Limestone. On Kingsbury's map, however, is shown a thick
ness of 400 feet of Escabrosa. Kingsbury shows no faults 
or folds to account for the additional 130 feet not reported. 
Kingsbury states (1941, p. 18), "The change from the Martin 
to Escabrosa is abrupt and clearly marked. The change to 
the Naco (Horquilla) above is not so clear." If the addi
tional 130 feet shown on Kingsbury's map were to belong to 
the overlying Horquilla formation rather than to the 
Escabrosa, then the reported thickness of the Horquilla, 
adjacent to the Union Hill area would be 410 feet. This 
figure is in better agreement with the measured sections 
from surrounding areas and will be taken to be the minimum 
thickness of the Horquilla Formation in the area adjoining 
the thesis area.

Lying above, and in apparent conformity with the 
Escabrosa Limestone in the Union Hill area, is a sequence 
of limestone and mudstone beds at least 400 feet thick. 
Because of poor outcrops a properly measured section was 
not obtainable; however, an indicative, roughly-measured 
section was made. The section measured included the 
Mississippian Escabrosa. The upper portion of the section 
involved a series of alternating limestone and shale or 
siltstone beds. On the average, the limestone beds are
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about 25 feet thick. Chert nodules are scattered through
out and occasionally silty seams are encountered. The 
silty beds average about 10 feet thick. In very general 
terms this type of alternating beds fits the description 
of the Horquilla as given by McClymonds (1965, pp. 85-90).

This thick sequence of partially metamorphosed 
rocks crops but along the northwestern slope of Confidence 
Peak. The slope has between 30% and 40% outcrop. The 
average strike of the beds is N 50° E and the average dip 
is 35° to the southeast.

About 300 feet to the northwest of Confidence Peak, 
on the western slope is an outcrop of partially altered 
limestone. Along one of the bedding planes forming a dip 
slope were found fossil brachiopods (Composita sp.), a 
pelecypod (parallela [?]), crinoid stems, and horn corals. 
(These were the only fossils found in the entire thesis 
area.) The scant faunal assemblage from this outcrop is 
insufficient to establish the age of the outcrop with great 
certainty. For lack of more solid evidence the rocks from 
this outcrop can only be termed "upper Paleozoic rocks, 
probably Pennsylvanian or Permian" (D. L. Bryant, personal 
communication, July, 1966).

On the basis of the above observations the sequence 
of rocks between Confidence Peak and the top of the 
Escabrosa outcrop to the northwest has been identified as 
Pennsylvanian, Horquilla Formation (see map, Plate 1).
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Between Page Hill and the Escabrosa outcrop are two 

large exposures of alternating shales and limestones. 
Because of increasing metamorphic effects and sparse out
crops , these outcrops have only been tentatively identified 
by lithology as interpreted from drill hole cores and are 
termed "Horquilla (?)."

The Pennsylvanian Horquilla Formation is the 
youngest sedimentary rock unit exposed in the thesis area.



CHAPTER 111

IGNEOUS ROCKS 

General
Four intrusive rock types are recognized within the 

mapped area. The oldest is a laccolithic or sill-like 
intrusion of dacite porphyry emplaced at the beginning of 
the Laramide revolution (Watson, 1964, p . 150). Later, 
andesite breccia dikes of minor influence invaded the Union 
Hill area. The next intrusive activity in the Union Hill 
area came at the end of the Cretaceous period (dated by 
radioactive methods at about 65 m. y. ago, Watson, 1964, 
p. 153). This intrusion involved emplacement of large 
plutons of monzonite along the "major structure" (see 
p. 6). Associated with and related to the monzonite are 
many narrow dikes of monzonitic rock occupying faults. The 
last and youngest intrusive activity is evidenced by a few 
north-striking andesite dikes.

Dacite Porphyry
The block of sedimentary rocks composing Union Hill 

appears to be a roof pendant into the dacite porphyry. 
Watson's thorough study of the dacite led him to conclude 
that it had the shape of a large sill or laccolith (1964, 
p. 41). The flow structure and foliation in the dacite
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point to a generally northwest strike and a dip of 20-35° 
to the northeast with thicknesses ranging from 1,900 feet 
to 3,400 feet. In the Union Hill vicinity the dacite has 
been intruded along its footwall by the monzonite porphyry. 
In general, the dacite rock is a medium-gray color. It 
weathers to gray or black, rounded boulders. Going from 
fresh outcrops toward the zone of alteration the dark color 
first gives a way to a lighter color because of alteration 
of the feldspar minerals; even closer to the area of 
stronger alteration, the dacite takes on the reddish hues 
of ferric iron from the oxidation of the iron bearing 
sulfides and mafic minerals.

In hand specimen the most diagnostic aspect of the 
dacite, whether fresh or altered, is the presence of 
numerous small phenocrysts of angular to rounded quartz.

Twenty-five thin sections of the dacite were pre
pared from surface and drill core material. The following 
petrographic description is a composite of the principal 
observations. The average composition of the dacite is 
about 15% xenoliths, 20% unidentifiable groundmass, 30% 
quartz, 10% plagioclase, 7% chlorite, 5% orthoclase, 3% 
magnetite, 5% hornblende, as phenocrysts, and 5% calcite 
as veinlets.

The xenoliths range in composition from pieces of 
sedimentary rocks to pieces of the dacite. The size of the 
xenoliths rarely exceed 0.5 inch in diameter. The quartz
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phenocrysts range up to 0.1 inch in diameter and usually 
show embayment by the dacite groundmass. The chlorite 
(pennine) is usually an alteration product of the biotite. 
Calcite occurs in small patches in the groundmass. The 
calcite is probably a metasomatic phenomenon related to the 
high lime content of the adjacent intruded sedimentary 
rocks. The plagioclase often shows alteration to clay 
minerals, generally sericite.

The dacite usually occurs as a massive sill, 
although in places it has welled up either along pre
existing faults or along fissures and cracks which sub
sequently became faults.

About a mile and a half to the northwest of Union 
Hill a drill hole penetrated the base of the dacite and 
went into sediments. In the vicinity of Union Hill a 
recently completed drill hole on the southwest flank of 
Page Hill penetrated the dacite and encountered weakly 
mineralized sediments at a depth of 1,400 feet (Courtright, 
personal communication, December, 1966). It is possible 
that in the vicinity of Union Hill the dacite is underlain 
by sedimentary rocks; whether they are Paleozoic or younger 
Precambrian is not known.

Hornblende Andesite Dikes
Dikes of hornblende andesite porphyry occur in the 

southeast portion of the thesis area. These dikes cut the
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sedimentary sequence and the dacite, but do not cut the 
monzonite nor the later andesite dikes. These dikes are of 
minor importance structurally as they are all narrow and do 
not appreciably offset any of the formations they cut.

According to Watson (1964, pp. 56, 62), the 
andesite dikes are technically closer to being latites 
than andesites in composition. Watson relates the dikes 
to a granodiorite porphyry stock which is exposed one and 
one-half miles to the north of the thesis area studies 
here.

Monzonite Porphyry
The monzonite porphyry cuts the dacite and the 

hornblende andesite dikes. Watson (1964, p. 153) proposes 
a late Cretaceous age for the intrusion of the monzonite 
based upon K-Ar age results from the University of Arizona.

The monzonite is varied in both composition and 
occurrences. In composition and texture it varies from a 
monzonite and a monzonite porphyry to a quartz monzonite. 
The vast majority of the exposures in the Union Hill 
vicinity are monzonite porphyry.

Drill hole intercepts indicate that the main mass 
of the monzonite has a vertical rather than inclined 
attitude. Hence, the monzonite is inferred to be stock
like rather than sill-like as is the dacite. From both 
surface outcrop and drill hole information the monzonite



seems to have risen along the major structure, the 
principal zone of weakness in the Silver Bell district.

From the several intrusive centers the monzonite 
developed dikes. The dikes are largely porphyritic 
monzonite. They are usually less than 30 feet wide. Some 
are more than a mile long. The dikes generally trend 
northeast. Several of the dikes have risen along pre
existing faults, others have had post-emplacement movement 
along them. In the field most of the dike contacts are 
covered, but because of the large variation in rock type 
on each side of the dike, faults must be inferred. The 
fault associated with some of the shorter dikes apparently 
continues after the dike pinches out.

The main mass of monzonite has very sharp contacts 
with the sedimentary rocks on Union Hill. Not so precise 
are the contacts with the dacite. Where the monzonite has 
invaded the dacite along narrow, closely-spaced shears, 
the contact cannot be accurately mapped.

In hand specimen the various types of monzonite 
have one distinguishing factor in common. Books of biotite 
up to 0.1 inch serve as a diagnostic feature even when the 
monzonite is strongly altered. In general, the monzonites 
have less than 10% quartz, about 75% feldspar, between 5% 
and 10% biotite (sometimes altered to chlorite), about 5% 
opaques (chiefly iron oxides) and 3% or 4% constituents 
(apatite, sphene, etc.).
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The strongest period of sulfide mineralization in 

the Silver Bell area is definitely associated with the 
intrusion of the monzonite in its various forms (Richard 
and Courtright, 1966, p. 160). The alteration and mineral
ization in the blocks of sedimentary rocks near Union Hill 
both decrease away from monzonite centers.

Andesite Porphyry Dikes 
The most recent period of intrusive action is 

responsible for the emplacement of andesite porphyry dikes.
These dikes are definitely post mineral as evinced 

by their lack of alteration and their cross-cutting rela
tionship to the monzonite. They are of minor structural 
importance in the Union Hill area. They trend in a general 
north-south direction.



CHAPTER IV

STRUCTURE

General
The structural history of the Union Hill area is 

complicated. The limited scope of this study did not 
permit a detailed structural analysis of the area. The 
following data and observations were gathered largely as a 
by product of the stratigraphic study.

In a general way, the area being considered is 
composed of large blocks of sediments pendant into the 
roof of a dacite sill or laccolith. Subsequent faulting 
and intrusion of a monzonite stock created additional 
structural complications.

No folding was noted in the Union Hill area. The 
lack of conspicuous folding is not considered an unusual 
development since strong folding is not a common phenomenon 
in the Silver Bell Mountains (Watson, 1964, p. 125).

Sedimentary Rocks
The faulted blocks of sedimentary rocks occur over 

a length of 5,500 feet and an average width of less than 
1,000 feet. The trend of the long axis of the faulted 
blocks of sedimentary rocks is northwest.
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Although there were periods of non-deposition in 

the Paleozoic sequence in south-central Arizona, in general 
the entire sequence is conformable (Wilson, 1962, pp. 26- 
31). In spite of faulting in the Union Hill environs the 
attitudes of the sedimentary beds are in fair conformity 
except for one area. The northwesternmost block of sedi
mentary rocks strikes N 45° W and dips 45° to the south
west. This is in contrast to the general northeastern 
strikes and southeastern dips for the rest of the repre
sented column. The difference in attitude is accounted 
for through faulting (see below).

The individual blocks of sedimentary rocks are 
usually bounded by faults (or dikes) on their north and 
south sides. The east side of the blocks generally is in 
intrusive contact with the main dacite mass. The western 
boundary of the blocks is usually in intrusive contact with 
the monzonite. The floor of the blocks usually rests on 
dacite with an intrusive contact. The above are generali
zations which may not hold true in all instances.

One of the largest blocks measures about 800 feet 
by 500 feet at the surface. This block has a depth of 600 
feet. The average block is about half this size.

Igneous Rocks
As previously mentioned, the dacite is a sill or 

laccolith. The dacite strikes roughly northwest and dips
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northeast. Its thickness in the Union Hill area is about 
1,000 feet as indicated by drill hole intercepts. Of the 
many faults dissecting Union Hill only six are observed to 
be associated with dacite dikes.

Drill hole information and outcrop studies suggest 
the monzonite mass in the center of the thesis area to be a 
cupola connecting downward to the main monzonite stock.
The monzonite apophyses seem to have been emplaced along 
faults.

Faulting
In the Union Hill area there are three major 

directions of faulting: north-south, east-west, and
northeast-southwest. Because some of the faults from all 
three groups have had post-monzonite and post-andesite- 
porphyry-dike movement, faulting seems to have been 
intermittent since the initiation of the Laramide revolu
tion through late Tertiary time.

The north-south faults are restricted to the 
northern end of Union Hill and Quartzite Peak. These 
faults are nearly vertical. The strata on the east side 
of the faults differ in strike from the strata on the west 
side of the faults by 90°. To account for this change in 
strike, rotational movement is postulated for the north- 
south faults. These faults are post-dacite and post- 
monzonite, but pre-northeast-southwest faulting.
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Five east-west faults were mapped. These faults 

are of minor importance and of short strike length. Their 
average dip is 75° to the north.

The northeast-southwest faults are the most 
numerous. Their dips range from vertical to 40° to the 
north. In a few instances their dips are very steep (80°- 
85°) to the south. A few of the faults have been intruded 
by dacite dikes, a few by andesite porphyry dikes, and many 
have been intruded by monzonite. Inasmuch as some of these 
faults cut the monzonite intrusions, it appears that some 
of the faults have been active since the monzonite was 
emplaced.

The northeast-southwest faults, with or without 
accompanying monzonite dikes, from the north and south 
faces of the large blocks of faulted sedimentary rocks in 
the Union Hill area. The displacement of the faults 
suggests that there was minor strike-slip movement (where 
observed, always right-handed), but major throw movement. 
The apparent vertical offset ranges from a few feet to 
nearly 500 feet.



CHAPTER V

ALTERATION AND MINERALIZATION

In the Union Hill area both the alteration and the 
mineralization are spatially and genetically related to the 
emplacement of the monzonite stock and its apophyses.

The principal manifestation of alteration of the 
intrusive rocks is the development of chlorite (pennine) 
and clay (sericite) at the expense of biotite and feldspar.

Because the sedimentary rocks have been subjected 
to both metasomatism and low grade contact metamorphism, 
the description of their transformation to the variety of 
end products is not so straight-forward as that of the 
intrusive rocks. The term metasomatism is used here to 
indicate not only the introduction of material from exter
nal sources, but also the movement of the introduced fluids 
along sub-microscopic or capillary openings; and replace
ment which occurred with almost simultaneous solution and 
deposition on an atomic scale.

The original rock types present on Union Hill prior 
to metamorphism were quartzite, limestone, dolomite, 
argillaceous-dolomitic limestones, and limey shales. These 
rocks are now quartzite, marble, skarn, hematitic tactite, 
and hornfels. Very minor compositional changes are believed
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to have been caused by the contact metamorphism associated 
with the intrusion of the dacite.

The effects of contact metamorphism due to the 
intrusion of the dacite can be observed in an area two 
miles to the southeast of Union Hill. Here, the only 
changes in the same type of sedimentary rocks is marbleiza- 
tion of some of the limestones. From this it is inferred 
that the contact metamorphic effects of the dacite near 
Union Hill were also negligible, except perhaps for some 
marbleization of the limestone.

In the Silver Bell area no hydrothermal alteration 
or mineralization is attributable to intrusion of the 
dacite. To the contrary, whenever the sedimentary rocks 
are in contact with the monzonite intrusive, they have been 
drastically changed. The marble has been altered to a 
skam and the shaley rocks have been altered to hornfels.

The center of Union Hill is composed of a hematite- 
gamet-diopside skam (see Fig. 10). In places the hematite 
comprises 50% of the rock. Originally the sedimentary 
rocks did not contain sufficient iron to account for the 
quantity of massive hematite through redistribution; there
fore, much of the iron must have been introduced.

Garnet replacement can be observed to follow along 
fissures. Also, there are cobble-sized aggregates of 
hematite or of garnet with euhedral crystal boundaries 
which occur as isolated bodies within an otherwise pure
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marble. Often these isolated bodies have no channelways, 
veins, or fissures leading to them to allow for the intro
duction or removal of material (see Fig. 9). Hence, the 
movement of material is inferred to be on a capillary or 
ionic scale. Metasomatism rather than metamorphism is 
proposed to account for the changes in the sedimentary 
rocks through the introduction of material by way of 
capillary openings.

The changes in the Bolsa Quartzite are recrystalli
zation of the silica with some introduction of silica in 
the form of quartz veinlets. The few shaley seams are 
unaffected.

The lower member of the Abrigo Formation has been 
altered to a thinly-laminated homfels composed of very 
fine-grained quartz and calcium-magnesium pyroxenes.

The limestone middle member of the Abrigo Formation 
has been marbleized. This member shows slight influence 
of metasomatism by occasional seams, veinlets, and isolated 
blebs of hematite-garnet tactite.

The upper member of the Abrigo Formation has been 
changed to a rock predominantly composed of skarn minerals 
with occasional irregular blebs of unaffected marble and 
hornfels. The contact between the marble and the tactite, 
in detail, is very precise, rarely defined by a zone more 
than a tenth of an inch wide. Nevertheless, the contact
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is so irregular that even on a large scale map it can not 
be accurately delimited (see Fig. 13).

The Devonian Martin Formation is the sedimentary 
unit most strongly affected by metamorphism and meta
somatism.

The Martin Formation crops out along the crest of 
Union Hill as the very dark, blocky eroding, massive 
tactite. It is the Martin which often contains up to 50% 
hematite. This unit has been so thoroughly tactized that 
unaltered blebs of marble are encountered only rarely. The 
intercalated lenses and strata of quartzite material are 
unchanged.

The Escabrosa Limestone is a clean, massive lime
stone in the vicinity of the Silver Bell district. Aside 
from some marbleization of the Escabrosa Limestone, the 
effects of metamorphism are negligible. The Escabrosa 
remains as a thick unit of limestone or marble with scant 
or no tactite or skam minerals.

Near the monzonite intrusive the Horquilla Forma
tion is fairly well altered, to about the same extent as 
the Upper Unit of the Abrigo Formation. Development of 
tactite in the Horquilla diminishes with distance from the 
monzonite. In the Page Hill area the Horquilla is composed 
of perhaps 50% tactite, whereas on the crest of Confidence 
Peak it is nearly unaffected.



Figure 13
Rock from the Strongly Altered Tactite Zone
Note unreplaced marble surrounded by garnet and 

hematite.

Figure 14
Outcrop of Tactite Rock 

Note craggy relief and "inclusions" of marble.



52

Figure 13

Figure 14
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Each of the sedimentary units which were originally 

composed of fairly clean, massive limestone or quartzite 
units were only slightly affected by the intrusion of the 
monzonite. The units which were originally dolomitic, 
shaley, or otherwise contaminated limey sediments have been 
strongly affected by contact metamorphism and metasomatism.

The sedimentary strata originally composed of 
fairly clean limestone or quartzite are essentially barren 
of sulfide mineralization. On the other hand, the less 
clean, more strongly metamorphosed strata are very favorable 
hosts for mineralization.

Metals involved in the mineralization in the Union 
Hill area are chiefly copper with minor zinc. In polished 
section pyrite and chalcopyrite were the only sulfides 
observed, and both are associated with the stronger silica- 
tion of the host rock. The replacement of garnet by 
chalcopyrite indicates a metasomatic process for the 
mineralization as well as for the alteration. Near the 
surface malachite replaces garnet and occurs as needle 
inclusions in quartz. Blebs of chalcopyrite oxidize to 
tenorite near the surface. The primary chalcopyrite 
replaces the garnetized and silicated rocks to a greater 
extent than the silicified zones. Pods of chalcopyrite up 
to 10 feet in major dimension were mined in the Union Hill
area.



The current economic interest in the Union Hill 
area is based upon expectation of mining by non-selective 
bulk methods. Results of drilling indicate sufficient 
tonnages of less than 0.8% Cu which merit extraction.



CHAPTER VI

SUMMARY

The Geology of the Union Hill area in the Silver 
Bell district involves a series of blocks of Paleozoic 
sedimentary rocks which have been selectively metamorphosed 
and mineralized. The mineralization has become economically 
significant within the last decade. In order to understand 
the selectivity of the mineralization knowledge of the 
stratigraphic sequence is important as a guide to the 
favorable strata. Many papers have been prepared con
cerning the Silver Bell district as a whole, several of 
which specifically mention the Union Hill area. None of 
these papers has attempted to define the stratigraphic 
sequence in the Union Hill area.

The interpretation of the stratigraphy was greatly 
facilitated by the use of recently acquired data from 
drilling in the Union Hill area.

Within the area under study are five recognized 
stratigraphic units: the Cambrian Bolsa Quartzite, the
Cambrian Abrigo Formation, the Devonian Martin Formation, 
the Mississippian Escabrosa Limestone, and the Pennsyl
vanian Horquilla Formation. These have been intruded by 
two igneous rocks of importance: a dacite and monzonite.
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The younger monzonite was by far the more influential in 
metamorphosing and mineralizing the sedimentary blocks.

The sedimentary units composed of predominantly 
massive monomineralic rock, such as the Bolsa Quartzite or 
the Escabrosa Limestone, were virtually unaffected by 
metamorphism or mineralization. The favorable strata are 
the units with varied composition such as the Martin 
Formation, a series of alternating dolomites, limestones, 
limey shales, and argillaceous limestones.

In the Union Hill area the favorable strata with 
economic mineralization are the upper member of the Abrigo 
Formation, the Martin Formation, and the Horquilla Forma
tion. This knowledge should be instrumental in the future 
in exploration of other mineralized contact metamorphic 
bodies.
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