
The geology of the Hilton Ranch area, Pima County, Arizona

Item Type text; Thesis-Reproduction (electronic); maps

Authors Marvin, Thomas Crockett, 1916-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 19/05/2023 15:56:38

Link to Item http://hdl.handle.net/10150/551103

http://hdl.handle.net/10150/551103


THE GEOLOGY OF- THE HI 1,TON RANCH AREA, 
PIMA COUNTY, ARIZONA

by

Thomas Crockett Marvin

A Thesis
submitted to the faculty of the

Department of'Geblogy-

in partial fulfillment of ; i* 
the requirements ‘for the degree of

Master of Science

in the Graduate College
University of Arizona

1948



; • . -

r,

f  ' ' '



< £ 9 7 9 /
/'2 9 /9 L

7 9
1

Table of Contents

Page
Abstract ..............................................  1
Introduction ..........................................

Field work and acknowledgements ..............   S
Previous Geologic and Topographic v o r k ...........  3

Geography .............................................  4
Location ............................................  4
Accessibility ....................    4
Settlement and Water Supply ....................   5
Climate and Vegetation ..........................  5
Topography ................... .*.....................

Sedimentary Rocks ....................................
Igneous Rocks ..................................    25
Geologic Structure .....................................  31
Metamorphism .........        38
Geologic History ....................................  41
Economic Geology .......................................  45

Lone Mountain Mine ..................................  45
Minerology ......................................    47

Bibliography ...........................................  52

y

11 < K»U



xi

Illustrations

' , - - - ■ : ' . ' ' ■  ̂ : :Figures Page
1 Geologic Sketch Map of the Eastern Part of the

Empire Mountains . ................................  SO

Plates. .
I Geologic Map  .... ....................... in pocket
II Structure Sections  .... .......... in pocket
III A. Outcrop of the Abrigo (?) formation ......  53

B. Flat lying joint planes in the Sycamore
quartz monzonite .........................    53

IV A. Photomicrograph of a Naco (?) shaly-
quartzite .............................   54

B-. Photomicrograph of a Naco (?) shaly-
limestone ....................................  54

V A. Massive, banded Yeso (?) gypsum .......... 55
B. Crumbly Yeso (?) g y p s u m .......   55

VI A. Photomicrograph of fine-grained Yeso (?)
g y p s u m .....................................  56

B. Photomicrograph of San Andres (?) quartzite 56
VII A. Photomicrograph of Sycamore quartz

monzonite .......................  57
B. Photomicrograph of andesite porphyry .....  57



ill •. .

VII A. View to northeast from west edge of area .. 58
B. View to east from west edge of a r e a ......   58

IX A.-' View from Hilton Wash to southwest ...... -.. 59
B. View from Hilton Wash to northeast ........ 59

X A. View to east from Sycamore s t o c k ...... 60
B. View to south in Sycamore stock ........... 60



ABSTRACT

The Hilton Ranch area, covering 1.7 square miles 
of semiaria land in the Empire Mountains, lies in the 
Patagonia Quadrangle 30 miles southeast of Tucson,
Arizona. ' f ' - - " ; y •"

The Paleozoic sedimentary rocks of the area, 
which total at least 6,235 feet, include the Abrigo 
formation (Upper Cambrian), Martin limestone (Upper 
Devonian), Escabrosa limestone (Mississippian),Naco 
limestone (Pennsylvanian), Manzano group (Permian), 
and Snyder Hill limestone (Permian). Only the lower 
500 feet of upper Cretaceous shales were mapped. A 
disconformity is" found below the Naco limestone and 
a unconformity is present at the top of the Snyder 
Hill limestone. .

The gypsum beds of the Yeso (?) formation in the 
Manzano group were studied in detailed field sections 
and petrographically.

In Laraniide time the region was subjected to 
strong overthrust faulting from the southeast. Tear 
faults developed in the overthrust block. A quartz 
monzonite stock, which was intruded along the thrust 
plane, tilted the surrounding rocks, causing intense 
•contact metamorphism.

In the Hilton Ranch area the Hilton fault, a 
major tear fault in the overthrust block, and the 
Lone Mountain fault, a minor split from the Hilton 
fault, bound a segment of lower Paleozoic rocks which 
has broken from the overthrust block. The strata on 
the south side of the Hilton fault have been dis
placed horizontally farther to the northwest than the 
strata on the north side of the fault.

The Lone Mountain mine is the only important 
mine in the area. It has had a production of about 
$150,000 but was not being worked at the time of 
this study.
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INTRODUCTION

Field Work and Acknowledgements
The-writer spent the fall and winter of 1939-40 

mapping the topography of the area in the company of 
T . B. Moran and K. Kriabe, whose assistance was very 
much appreciated. The geology was"mapped in the spring 
and fall of 1941. ' 1 ' \ ; :

Professor Galbraith and Professor.Butler accompanied 
the writer in the field and their guidance Is gratefully 
acknowledged. Thanks are expressed to Mr. E. P. Hilton 
for data on Lone Mountain mine, and courtesies extendedd 
to the writer during his field work.

Professor Short, Professor Stoyanow, and Professor. 
Her non have cooperated with the -.-writer in many ways, and 
their assistance and- criticism /is* acknowledged. The 
writer is also indebted to his fellow student, -M. N. 
Mayuga, for. assistance in the .field and criticism. -

? • " . r

n, lv
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Previous Geologic and Topographic Work
The Empire Mountains were mapped on a scale of 

1/125,000 when the Patagonia Quadrangle was surveyed 
by the United States'Geological Survey in 1905.

Schrader and Hill first described the geology of 
these mountains in 1915 in a reconnaissance report.

In.1934 R. A. Wilson -published-a paper describing 
thrust faulting/in.the northern part of the mountains.
:• A number of small areas,in the Empire Mountains.

have been described-in University of Arizina theses by ' 'S ' ' 4 : ' 5. 1 2 3 4 * 6 7 8 6 ■ '■ 7
Gillingham,:, Sopp. ,, Alberding , Alexis , and Mayuga

Galbraith ,in 1941 published .the abstract.of a 
paper on the Empire Mountains which describes their 
stratigraphy and overthrust structure.

1. Schrader, F. C. & Hill, J. M.; Santa Rita and "
Patagonia Mts, Ariz..U.S.G.S.. Bull, .582 (1915). .

2. Wilson, R". A.: Thrust Faulting in the Empire Mts,
Jour. Geol.,42, pp. 442-449, (1934)1

3. Gillingham, T.: California Mine Area;Unpubl. thesis,
. Tucson. (1936) \
4. Sopp, G. Montana Mine Area, Unpubl. thesis, Tucson.(1940)
5.. Alberding,.H. Northern Empire .Mts.,Unpubl..thesis

'Tucson. (1938)
6. Alexis... C. Lead Mountain Area. Unpubl. thesis, Tucson. (1940)
7. Mayuga. M. Empire Peak Area. Unpubl. thesis, Tucson.(1940)
8. Galbraith. F. Empire Mts..Bull. G. S. A., 51.p. 1927 (1941)
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GEOGRAPHY
' - : '-L : :: : ' '• •
Location •: , r.- .’:; ' : . . • " : J -
• . The Hilton Ranch area covers--approximately,;!.7; 
square miles in"the southeastern part of the Empire 
Mountains, Pima County," Arizona. - r This -mountain group 
lies in the northern part of the Patagonia Quadrangle 
about thirty miles from.Tucson. .The area is-bounded 
on the west by the Empire Peak and Lead Mountain -areas 
of .Mayuga and Alexis. The area mapped by . Alberding. as 
the Northern Empire Mountains lies two miles to the 
north.

Accessibility ' : -v  ̂ .• .. •
The area is. reached from Tucson by following the : 

Benson highway (U. S. Route 80) east-thirty-five miles 
to the. Mountain-View Gas Station. There, the Sonoita 
road (State Highway 83), which branches south, is. 
followed 10.3 miles to a-private road, running east : 
5.3 miles to Hilton’s Ranch. . . : - ~

The -nearest railroad station is at Vail on the r.~ 
main line of the Southern Pacific Railroad.
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Settlement- and Water ;Supply

The first settler.in the region was Mr. H.
Williams who mined quartz veins for silver as early 
as 1877. With the discovery of the Total Wreck mine 
in 1879 the population greatly increased. The Hilton 
family settled in the ranch on the western edge of 
the area in 1882.

The Hilton ranch includes more than 12,000 acres, 
of which 7,500 acres are patented .surface land, in 
1920 Hilton * patented 240 acres of mineral-land.

The main source of water is from wells in the
quartz monzonite stock where the water table is from

... . - V  l .*
twenty to forty feet below the surface.

Climate and Vegetation
The climate of the area is semi-arid. Two rainy 

seasons are characteristic of this region . The summer 
rainy season lasts from May to October when storms blow 
in at high altitudes from the south and the rain falls 
mostly from cumulus type clouds. The winter rainy 
period is from November to April. These storms, which 
approach from the Pacific ocean, are similar to those 
of the entire western United States.- Rainfall is largely
from the stratus group of clouds..V : '-.-r  • ..." : - : : ; :-
1. Turnage, W.V., and Mallery T.D., An Analysis of

Rainfall in the Sonoran Desert.; Carnegie Institution 
Publication 529,.(1941)
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The rainfall record from nearby, long, established 

stations is as follows:
Record Summer Winter

Elevation- Length Average Average Total •-
Tucson " 2,400 57 . 6.57 in. 4.92 in. 11.29 in.
Helvetia 4,300 17 11.17 in. 8.55 in. 19.70 in.
Benson 3,500 ;51 7.47 in. 3.60 in. 11.07 in.

The weather stations at Pantano and Vail, twelve-
miles to the north, are those nearest this area. -The
rainfall record at Pantano (elevation, 3,550 ft.) is:

' Average"Precipitation 12.37 in.
Average Maximum . (August) 5.16 in.
Average Minimum (May) 0.21 in; ■

The average temperature record at Vail (elevation,
3,240 ft.)'is: ' ■ ' h / - C

oAverage Temperature (yearly) 61.O^F  ̂ •
Average Minimum (January) 46.8^F

' ' " Average Maximum (July) 85.1°F
The highest recorded temperature at Vail was 111°F,

the lowest temperature was 0°F. Because of the higher
altitude, the temperature in the Hilton Ranch area.. generally
is lower-than a t ’Vail, and"the rainfall probably is
somewhat greater.

The vegetation, which is typical of the semi-arid 
climate^belongs to the Upper Sonoran belt and is character
ized by mesquitey catsclaw^ Agave, yucca, ocotillo, and the

2 • 3
cacti family. Alberding and Alexis have described the 
flora of the Empire Mountains in detail. 2 3

2 .  ' Alberding, op. cit., p. 11
3. Alexis, op. cit., p. 6



Topography
The average relief" iri the Hilton Ranch area is 

about 550 feet. Altitudes range from 5,550 feet on 
the western edge of the area to 4,650 feet on the 
.southeastern margin;

The dominant feature in the central part of the 
.area is Hilton Wash which is bounded by the resistant 
Haco (?) shales on the west and by the hard San 
Andres (?) quartzite on the east. Hilton Wash, which 
is largely underlain -by the soft marl and gypsum beds 
of the Yeso (?) formation, has.:a well developed pedi
ment -surface which cuts across the upturned edges of 
these sediments and slopes gently to the north. (See 
Plates 8, 9) : - .

- In the north,vest part of the area resistant ■ 
metamorphosed sedimentary rocks enclose an oval basin 
floored by the Sycamore quartz ir.onzonite, which, 
because it weathers easily, has been more deeply 
eroded. (See Plate 10 B) :

The southern part of the area is made up of
numerous small hills formed by erosion along a.

• . . . . . . . . .  "
series of northerly trending faults. -j
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SEDIMENTARY ROCKS

General Statement
The sedimentary rocks In.the Hilton 'Area have a 

total thickness of at least 6,235 feet. They include 
. Cambrian, Devonian, Mississippian, Pennsylvanian and 
Cretaceous strata. A disconformity occurs below the 
Pennsylvanian and .an unconformity below the Cretaceous. 
Metamorphism has -largely destroyed paleontological 
evidence within the area and lithology has been used in 
correlation. The stratigraphy of. the. area, presented in 
detail in the succeeding pages, is summarized in the 
following table: . • • . .

Age . . Formation Thickness
(feet)

: Lithology
Cretaceous. Undifferentiated Red shale,

red shales, ss. 500 \ ss., eg.
Unconformity . ' :: V

Permian Snyder Hill limestone' 530 Massive blue
Manzano Group . " • - • 'cherty Is.
San Andres formation 995 Blue-gray Is. 

interbedded with
Yeso formation 1340

quartzite.. 
Variable niarl.
gypsum,Is.,shale beds

Pennsyl llaco formation 1660 Dense green horn-
vanian fels, shaly Is.,. 

limestone.
■ : . • . •; V ; . ■

Disconformity
Missis- Escabrosa (?) Is. 650 Coarse grained
sippian white marble.
Devonian .-“ Martin (?) Is. 250; . Thin bedded blue Is.
Cambrian Abrigo (?) formation 510 Gray Is. with thin

' chert layers.
Base covered Total 6235



CAMBRIAN ' ' : ’

Upper Cambrian Abri^o (_?) Formation
The Cambrian is represented in the Hilton Ranch 

area by 310 feet of cherty limestone of probable Upper 
Cambrian age. It is north of Hilton Pass on the western 
border of the area. -

Ransome^ described the Abrigo in the Bisbee 
Quadrangle as a limestone "distinguished ... by its 
conspicuous,laminated structure produced by the alter
nation of irregular sheets of chert with layers of gray 
limestone". f .. . . .

In the Hilton Ranch -area the Abrigo has been 
metamorphosed so that the .harder cherty layers stand out 
in wavy bands from the more easily eroded.limestone.
(See Plate 3 ,A) The brovmish-green to black chert 
layers range in thickness from one-fourth to two inches. 
They are interbedded with layers of gray limestone from 
one to three inches.thick.

The base.of the Abrigo (?) is covered by alluvium. 
The top of the Abrigo.(?) has been placed arbitrarily 
at the limestone layer which has none of the cherty 
intercalations so characteristic of the Abrigo.

9

1. Ransome, F. L., Geology Bisbee Quad.. U.S.G.S. P.P. 21, 
p. 31. (1904)
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Althougti no fossils have been found in these 
strata, they are identified with the Abrigo of Bisbee, 
as defined by Ransome, on the basis of their similar 
lithologic character and their stratigraphic position 
at the base of a series of Paleozoic rocks. Stoyanow 
correlates the Abrigo with the Y/eeks formation of upper 
Cambrian age in the House Range section, Utah.

DEVONIAN

Upper Devonian Martin (?) Limestone
The Martin (?) limestone overlies the Abrigo (?) 

formation at Hilton Pass on the western edge of the
area. r:; / ■ ■" '

3At Bisbee Ransome first described the Martin as 
a ’’dark-gray, hard, compact' limestone ... associated 
with occasional beds of lighter hue”.

In this area the Martin (?) limestone consists of 
from 180 to 250 feet of dark blue-gray,"dense limestone 
in beds from one-half to two feet thick. It includes ' 
one characteristic white dolomitic bed SO feet thick 
which weathers to a light yellow color.

2 . Stoyanow, Arizona Paleozoic, Bull.G.S.A. 47, p.479.(1936)
3. Ransome, loc.cit., p. 54.
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The Martin' (?) limestone overlies the Abrigo (?)
formation at an arbitrary boundary marked by the lowest
beds of blue-gray, dense limestone. Its upper boundary
has been placed at the base of a series of thick bedded,
very coarsely crystalline white limestones. The Martin(?)
limestone at Hilton Pass is much faulted and its true

thickness is not known. '
Since no fossils have been found, the identification

of this formation is based entirely on its stratigraphic
position above the-Abrigo (?) formation and below the
Escabrosa (?) limestone. The age of the Martin at Bisbee

4is upper Devonian and it has been correlated with the 
Hackberry shale of lowa^. • - - ■

* MIS8ISSIPPIAN

Lower Mississinnian Escabrosa (%) limestone ;

The Escabrosa (?)-limestone is represented by 250 
to 650 feet of coarsely crystallized white limestone in 
the central part of the Hilton Ranch area east of Hilton 
Pass. 4 5

4. Stoyanow, loc. cit., p. 487.
5. Ibid,.p. 486.
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As described by Ran some at Bisbee the iiiscabrosa 
is a .’’rather thick-bedded, nearly white to dark-gray 
granular limestone, which on close examination often 
shovzs to be made up very largely of fragments of 
crinoid stems”. ' .

In .this area the strata referred to the Escabrosa (?) 
are white, coarsely crystalline limestones without 
perceptible bedding.. They contain cherty concretions 
up to a foot in diameter.

, The.Escabrosa,(?) overlies the Martin (?) limestone 
conformably. Its upper portion is everywhere in fault 
contact with the Naco (?) limestone.

Correlation has been based entirely on the strati
graphic position of the limestone and the lithologic

7simularity to the Escabrosa identified by Mayuga in  ̂

the Empire Peak area to the west. The Escabrosa is of 
Lower Mississippian age and is to be correlated with 
the Kinderhook and Osage®. .

• 6

. PENNSYLVANIAN h',
r -

Lower Pennsylvanian Maco (?) limestone
The Maco (?) limestone is found throughout the area, 6 7 8

6. Ransoroe, loc. cit., p. 42.
7. Mayuga, op. cit., p. 15.
8. Stoyanow, loc. cit., p. 505.
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It occupies a: northerly zone on the flank of the Sycamore
stock, and it occurs in the central part of the area west
of Hilton Pass. ,'

9 • •;Ransome originally described the Naco limestone as 
"made"up chiefly of light-colored beds, which consist 
essentially of calcium carbonate. The beds range in 
thickness from a few inches to twenty .feet, but usually 
are thinner "than those of the Bscabrosa limestone, differ
ing from the latter in:texture, typical Naco being compact 
and aphanitic”. Girty distinguished two faunas in the 
Naco limestone: (l) An early Pennsylvanian fauna, (S) A
younger fauna tentatively placed in the Upper Pennsylvanian. 
In the Whetsone Mountainsy Lausen has studied 1,600 feet 
of the Naco consisting:of "thin-bedded,.dark-gray.to black 
(often weathering white) limestone, in places with chert,
P&rtly dense and granular, interbedded calcareous shale 
,. 10 .that weathers:buff”. • - -r

11
1 : Stoyanow: states: "At present the following strati

graphic units, ... are distinguished"with the Upper Carbon
iferous of. southeastern Arizona: (1) >-Lower;Pennsylvanian
°I‘ Bisbee, as originally established b y ,Ransome and Girty; 
Cs) Lower Pennsylvanian, v/ith a number of species from the

^ ~ Ransome, loc. cit., p. 45.
1 ^ .  Stoyanowj")loc^ cit., p. 5 2 2. 
x:l. Ibid, p. .522. /
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Wewoka formation; (5) the equivalent of the Manzano 
formation of New Mexicoj (4) the Permian limestone, the 
Snyder Hill limestone.”

ISIn the Montana Mine area, Sopp described 1,200
feet of ”thin-bedded cherty limestone interstratifiedf
with thin bedded s haly lime stones”. A Pennsylvanian
coral Chaetetes millenoraceous has been found by Sopp in
this formation and he correlates the formation with the
Naco limestone (sensu stricto) of Ran some.'

13
- • Jones describes 1,100-1,350 feet of Naco sediments 
in the.Sycamore Ridge area of the Santa Rita1 mountains.
He has separated them into five units: (1) A lower lime
stone with a subangular, cherty basal breccia; (2 & 3) 
Reddish-brown metamorphosed limy shales, with limestone 
lensesj- (4) Light to dark-green limy shales; (5) White 
to buff arenaceous limestones.

14
In the: Empire Peak area Mayuga mapped a series of 

thin bedded limestones,: shales and cherty limestones with 
a white, angular, cherty basal breccia, as part of the. 
Permian Manzano formation. The.writer considers these . 
rocks as part of the Naco (?) limestone. . , : : :

In.the Hilton Ranch area the Naco (?) has been - u J
: ' - - - - > V** •

12. Sopp, op. cit., p. 24. —  " r— 7
13. Jones, op. cit., p. 24.
14. -Mayuga, op. cit., p. 14.
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separated into tv/o units: (l) A lower cherty, shaly 
limestone unit j and (S) An upper predominatly shaly and
sandy shale unit. / .'

The lower unit is. made up of approximately 1,100 
feet of shaly and cherty limestone. The lowest part is 
formed of thin-bedded white, limestone in which chert and 
shale layers from one to three inches thick define the 
bedding. The upper part of this unit"is characterized by 
an increasing amount of shale"in the limestone and by ’ 
individual thick beds ‘of pure limestone. '

The upper unit is composed of approximately 500.feet
X .

: ' « - •• ", ■ " ' " - ' '•of green, dominantly shaly and siliceous beds. " Metamor
phism has so affected these beds that they are now horn- 
fels in which the bedding" is visible only on the weathered 
surface.
Petrography ;

Under the microscope the hornfels rocks of the upper 
zone show, pecrystallization and the development of small 
biotite, epidote and magnetite grains along the bedding 
planes.. Plate 4 A illustrates this in a fine-grained shaly 
quartzite. The shaly limestones are less altered. Plate 
4 B shows a thin section of shaly limestone in which small 
unidentifiable fossil shells still.remain.

The Maco (?) limestone disconformibly overlies the 
Escabrosa (?) limestone at the western edge of the area.
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• - 1 5Although no breccia is found.here, Mayuga has re
ported a discontinuous breccia from three ..to ten feet 
thick along this contact,in the Empire Peak area. The 
upper contact of the Maco (?) with the Manzano (?)-. . 
formation is along Fault "C".

No ;identifiable fossils have,been found in.these 
rocks. Their correlation has been on "the basis-of
lithologic singularity with the Maco of Jones and Sopp. 

16Jones reports a sedimentary breccia, at, the.base of. 
the Maco that is very similar to that found in the 
Empire Peak area. Sopp also describes a series of 
rocks similar to those of this area. He reports
Chaetetes millinoraceous. characteristic of the lower-- --------- - : 7 - -
Pennsylvanian of. the. Maco of Bisbee.

' ' PERMIAN ' '
• ' '

Manzano' (?) Group -
The Kanzano Group has been described in its type 

locality in New Mexico by Girty and Lee . They divided 
the Manzano into three subdivisions: Abo, Yeso and San 
Andres formations. In the Hilton Ranch area only the 
Yeso and San Andres have been recognized.

15. Mayuga, op. cit., p. 14.
16. Jones, op. cit., p. 24. .
17. Sopp, op. cit., p. 24.
18. Girty and Lee: Manzano Group. U.S.G.S. Bull. 389, 

p. 11. (1909)'
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Yeso (?) Formation
’ ; ; The Yeso (?) is found; in the center of the area where 

it crops out along Hilton Wash. It is also found in the
southeast corner of the area. .

19 - : : ̂  - ' 1 -  ̂-
Lee and Girty .define the Yeso formation as "alter

nating strata of gypsum, shale, friable sandstone, and
' - / ... . '•earthy limestone ... colors from pure white to dull black,

...colors usually subdued”. In the Rio Grande valley. New
Mexico, the Yeso is from 1,000 to 2,000 feet thick.•

In this area the Yeso (?) consists of three members.
A generalized section of the formation is given below:

; / , ;■ Section of. the Yeso (?) Formation
; . in the Hilton Ranch Area - ;

Sediment -• Thickness Character
A " • - .. (feet) ...

San Andres; (?) formation .
Yeso (?) formation 

Upper Member• ,
Limestone, marl . . ...  300 Blue limestone,

: ■ . . .. light marls, gypsum
; .... ' • ‘ - at the top in places

Middle Member "
Shales arid sandstones 320 Green, red, highly
' - . ...y : . shattered, hornfels-

: :; - - . ' like rocks. 1
Lower Member ,.

Gypsum, marls
. " . • . - - ' < .

, Limestone.

• 320

400
Total 1340

Buff, white, banded 
....  ̂ gypsum; pink and 

yellow.marl beds.
Dense,'blue, medium- 
bedded, uniform beds.

19. Ibid, p. 14
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The Middle and Lower Yeso (?) members which contain 

gypsum beds have been studied in more detail. A section 
of these in the center of Hilton Wash follows: ~

Partial Section of the Yeso (?)
Formation in the center of Hilton Wash

Description Thickness
; - ■ : ■ : ' (feet) .

Yeso (?) Formation : .- • - . .
Middle Member

' G r e e n  shales and fine-grained sandstones
stained brown on outcrop. ISO

; Gypsum, white, uniform, crumbly. 3
Green shales and sandstones, color 
variable, some reddish. . 200

323
Lower Member (a) •

Limestone, blue, thin-bedded. 55
Gypsum, white, massive, banded red at 
base, crumbly at top. 11

•Limestones, pink and white. 20
Gypsum, massive, sugary. 10
Limestone, white with thin sandstone 
layers. 10

Gypsum, fine-grained, sugary. . / ; ; . 6
Limestone, white. 2
Gypsum, massive, fine-grained. • 8
Limestone, white, dense, thick-bedded. 10
Gypsum,- -white, massive, sugary, ; 2
Marls, pink, white, thin-bedded. 60
Gypsum, granular, yellow stained, 
with yellow shale partings § to 1 inch 
thick. L . , . . - - d

Marls, yellow and pink, thin yellow '
• shale beds at top. . , : . ... 15

Pink marls, white limestone grading to 
dense blue thick-bedded limestone. . 100

Lower Member (b)
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Gypsum Petrography

- Megascopic' —  • The Yeso (?) gypsum beds have tv;o 
distinct textures. The "first texture, which is coarse 
grained, porous, and crumbly, is formed of an inter
lacing network of tabular gypsum crystals. Layers 
with this texture are “commonly banded v/ith" thin, buff 
to brown laminations from one half to one inch apart. 
However', one bed is" composed of three feet of pure 
white porous gypsum with no indication of banding.
Beds of this type weather in the characteristic way 
illustrated in Plate 5 B.

Beds with the^second, compact fine-grained, 
sugary texture have a noticeable banding produced 
by an alternation of white and yellow or red layers.
In places these beds are dense and massive approach
ing alabaster. (See Plate 5 A)

Some of the gypsum strata exhibit variations in 
texture. Several which are massive and banded at the 
base grade upward to a more porous, coarse-grained 
rock. One bed shows a predominance of the finer, 
type two texture but the bedding planes are charact
erized by a change to a more porous texture similar 
to type one.
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Microscopic —  Gypsum specimens of type two 
under the microscope show a granulitic texture as 
illustrated in Plate 6 A. The gypsum grains have 
crenulated margins which interlock in complex 
fashion. This interlocking margin in places sug
gests that the sediment was once made up of smaller 
euhedral gypsum grains; and that, on subsequent 
compaction, recrystallization had taken place.
This is evident in Plate 6 A, which shows definite 
euhedral crystal outlines in some of. the larger 
grains that extinguish as a unit.

Probably many of the gypsum beds originally" 
had the coarse-grained, porous texture of type one 
but compaction and movement along bedding plane 
faults has crushed and granulated this texture.
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San Andres (%) formation

The Sari Andres (?) formation occurs along the east 
side of Hilton Wash and in the southern part of the Hilton
Ranch area south of Hilton Pass.

' ' r'v 20 ; . : •: - ; . ■ \ : r  i ■Girty and Lee have described the San Andres forma
tion of Mew Mexico as follows: "500 feet or more of 
massive limestone, often cherty and unfossiliferous". 
Sopp,5J- has correlated two limestone and two quartzite beds
with this formation in the Montana Fine Area. Jones 22  i v .i; a

found similar beds in the Sycamore Ridge area of the Santa
Rita Mountains.

In the Hilton Ranch area the San Aridres formation 
comprises a lower blue limestone as much as 320 feet thick, 
a yellow quartzite as much as 350 feet thick, an upper blue 
limestone, 75 feet thick; and an upper quartzite approxi
mately .250 feet thick. The litfiestone members are blue to 
light gray, thin-bedded, somewhat dolmitic beds. The 
quartzite members are yellow, iron'stained rocks in out
crop. On a fresh surface they are light buff colored, 
uniformly fine-grained quartzites. In places they show 
cross bedding. Dark red, hematitic concretions up to three 
inches in diameter occur along the bedding planes at irregular 
intervals. In thin section the quartzite is made up of

20. Ibid, p. 14.
21. Sopp, op. cit., p. 28.
22. Jones, op. cit., p. 28.
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subangular quartz grains of 0.8 mm average size. (See 
Plate 6 „B) . .Recrystallization has destroyed the original 
rounded character of the grains. ’ .

The San Andres (?) formation overlies the Yeso (?) 
formation conformably.'" The contact-v/hich is not every
where: definite, has been mapped as the top of the upper
most gypsum-bed: of the Yeso (?) formation where present. 
Extensive.bedding’ plane faulting has taken place1 along 
the contact of the limestone and quartzite members 'within 
the San Andres (?) formation/ so that the:true; thickness 
; of the members everywhere is not represented.: The upper 
contactwith the overlying Snyder Hill limestone is con
formable, where the ! two formations are not in' fault 

. contact. " . ' 1 - -
No fossils were collected from the San Andres (?)

83
formation in this area. In the Montana Mine area Sopp
reported Stranarollus so. in the upper limestone, and 

84
Jones reported Orthonema aff, socorroense Girtv. ' 
Phanerotrema- aff. manzanictum Girtv. and Myalina apaches! 
Marcou which date the formation as Permian in age. 
Correlation v/ith .these "beds has been on the: basis of 
* the simularity in lithologic character and the strati
graphic position below the easily distinguished Snyder 
Hill limestone.

83. Sopp, op.cit. p. 89.. ~
84. Jones, op. cit. p. 88.
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Snyder Hill formation
The Snyder Hill limestone is found in the southern 

'and southeastern part of the area as massive, cherty 
beds at least .530 feet total thickness*
■ ' - • ■ gg - - ' ; ; '

Stoyanow" describes the Snyder Hill formation 
at its type locality, as follows:

"A rather empirical unit between the beds with a 
Manzano fauna and the strata containing the fauna of 
member B of the Kaibab formation. Its exact thickness 
is estimated to be between 200 and 500 feetV It is 
black limestone containing innumberable specimens of 
Comnosita mexicana (Hall). The top beds are gray 
limestones that carry silicified bryozoan reefs.11

In this area the Snyder Hill formation consists 
of at least 530 feet of dark blue to black, cherty 
massive limestone, with a few discontinuous thin bands 
of fine-grained white" quartzite, arid cherty concretions 
as much as six inches in diameter.

The Snyder Hill conformably overlies the Ban 
Andres (?) formation. In this area the contact with 
the overlying Cretaceous is everywhere along a bedding 
plane or contact fault so the relationship is obscured.

25.- Stoyanow, loc. cit., p. 531.
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To the north Alberding reports an erosional uncon
formity between these tv/o formations that shows con
siderable relief.

The Snyder Hill in this area was mapped as a
27

continuation of that of Alexis in the Lead Mountain 
area. Composita- rnexicana. Producths sp. .and Bellerduhon sp 
were identified to establish the age as Permian.

v.:A LLL CRETACEOUS SYSTEM

Above the Snyder Hill is a series of red clastic 
rocks elsewhere mapped as Cretaceous in age. These 
rocks.crop out only.in the southern part of the area 
and were not studied extensively.. but Alexis . . . has. . .. 
described thenv i n . some detail. ..In this area only the .
lower.500 feet of Cretaceous rocks occur. Thev are." . ' ■ . ■ ■ .. ■ ■ ' ...... . - .. • ■ •
thin-bedded.red micaceous shales and fine-grained 
sandstones, with a. few.thin interbedded limestone 
conglomerate layers. ..

26. Alberding, op. cit., p. 34. 
2.7. Alexis, op. cit., p. 11 
28. Ibid, p. 12.



25
' : : ' : , : IGNEOUS ROCKS . ;

General ‘Relations • - ; . : ..: ' : r :
.The . Sycamore stock :in the western part .of'the "area " 

is largely quartz monzonite. Within the stock are dikes 
of rhyolite porphyry , hornblende andesite porphyry, and: vvt . 
aplite. . Small; plugs .and dikes of rhyolite porphyry, 'quartz

. i

monzonite,.and diorite porphyry occur outside the stock. 
Quartz Monzonite ' .-•" . = • - * •
r Megascopic —  This is a medium grained equigranular 

rock of light gray color. ' Quartz, feldspar and hornblende / - 
can be identified in the hand specimen. ;

r Microscopic —  Under the microscope this is a medium 
grained, holocrystalline rock of hypautomorphic-granular -> , 
texture. J (See Plate 7 A) r The average grain size is 2mm. 
Rosiwal analyses -.of three samples of the stock rock yield - 
the following' composition: : ■ : • ■ ■ ■ '

HR411 HR417 HR400
. Quartz ■ , :ry 30.0 32.0 28.0
Orthoclase 20.0 21.0 24.0
Andesine .. ' 24.0 : • : .28.0 :• .31.0 . uw
Hornblende 8.0 11.0 9.0

. Biotite r :-y . 14.0 ■yy .... w- 4.0. . : : 3.0 ". . '. x '\"
Accessory 4.0 4.0 4.0

100.0 100.0 100.0

HR411: 3 ft. from stock contact, Hilton Ranch Road.
HR417: 700 ft . west of contact. Prospect.pit.
HR400: Random sample , Sycamore Stock.
Constituents —  Quartz is found in subhedral grains
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from 1 to 3 mm in diameter. Some grains are strained
and exhibit anomalous biaxial figures 7/ith 2V less than 10°.

Orthoclase occurs as irregular grains up t o •5 mm in
diameter. They show faint perthitic inclusions. Euhedral
ahdesirie crystals are 2 to 7 mm in diameter.- They exhibit
pericline and albite Winning and a regular zoned structure.
The composition varies from Ab^^ to Ab^, Most crystals
show alteration of the cores to sericite. ::

Hornblende is present as light green- lath-shaped
crystals from 3 "to 5 mm long. It has dark green to yellow
green pieobhrolsm. The biotite is the common brown variety.
It is pleochroic from dark- brown to light yellow brown.
Near the contact of the stock with the surrounding Paleozoic
rocks, biotite is the predominant mafic mineral, but: much
of the biotite'is an alteration product of hornblende. It
occurs as scattered isolated, grains 1 to 2 min' in diameter.
Alteration to chlorite is common. The accessory minerals
include iron ore, apatite and sphene. _ ; ;-
Rhyolite Porphyry - 1 - ' • ; - -I

Megascopic —  This is a dense, white, aphanitic- rock i.--
containing quartz phendcrysts as-much as 2 mm:in diameter
and small pyrite cubes. ;; ' ' . . - : l

- Microscopic —  Under the microscope this rock is
made up of -the following minerals:

Quartz • 12.0
Orthoclase 10.0
Pyrite 6.0
Groundmass 72.0 .

100.0



Constituents —  The quartz is in rounded grains up 
to 2 mm in diameter. They contain some included biotite 
crystals. Orthoclase is found as twinned euhedral crystals 
up to 3 mm long. Pyrite is present in some dikes more 
commonly than others. The wide, north-south dike in the 
Sycamore stock has pyrite cubes 5 mm and over scattered 
through the groundmass.

The groundmass which makes up most of the section 
is of; cryptocrystalline texture and no individual minerals 
can be distinguished.
Andesite -porphyry

Megascopic —  The andesite porphry is light gray 
green in color. Its texture is porphytitic with a very 
fine-grained groundmass. Bare phenocrysts of rectangular 
hornblende crystals* from 4 to 7 mm are found.'

Microscopic '—  The texture of the andesite may be 
called "porphyritic although the larger phenocrysts make 
up:less-than 4 percent of the rock. The groundmass is 
compose of feldspar and hornblende microlites with a 
trachytic texture. (See Plate 7 B) Small iron ore crystals 
are.scattered through the groundmass. The feldspar is 
altered to sericite and chlorite replaces part of the 
hornblende.

27

Analysis HR402
Andesine 54.0%
Hornblende 40.0
Iron ore 5.0
Alteration 1.0

100.0
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Constituents —  One rounded and resorbed phenocryst 

of quartz, which is probably a xenolith, was found. 
Although the feldspar of the groundmass is very fine
grained, it was identified as andesine, Ab^^ to Ab^.  
It is clouded by dusty inclusions and somewhat altered 
to sericite. \

Hornblende is present in three sizes. The large
phenocrysts are tabular crystals as much as 7 mm long. 
In the groundmass another group of hornblende crystals,

.... I t : ' - . ( - ' ' ' . : 'visible under low power magnification, are about 0.5 mm 
long. The"hornblende micrblites are 0.1 to 0.2 mm in 
length. Iron ore, as minute octagons, is scattered
through the groundmass.

Anlite
Megascopic —  This is a fine-grained, sugary textured 

rock composed of rounded quartz and feldspar grains.
Microscopic -- In thin section the aplite is a xeno- 

morphic-granular rock composed of anhedral, interlocked 
grains of quartz and feldspar. The composition of the 
rock is approximately 60 percent orthoclase, 40 percent 
quartz. Accessory minerals are sphene, apatite and biotite.

Diorite
Megascopic —  This is a dark green, medium to fine- 

grained crystalline rock. Hornblende and rare olivine 
phenocrysts can be identified in the hand specimen.

Microscopic —  A thin section shows a medium grained, 
xenornorphic granular texture of anhedral feldspar laths 

and tabular hornblende crystals. The alteration consists
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of sericitization of some of the feldspar and chlorit- 
ization of the hornblende. Accessory minerals include
apatite, olivine and iron ore.

■
Analysis ; :

Andesine ' 
Hornblende 
Chlorite 
Accessory

47.0%
43.0
5.0
5.0 i

100.0
Constituents —  The anhedral andesine, Ab^g, grains 

range from 0.2 to 0.5 mm in diameter. It is slightly, 
altered to sericite^ Hornblende, which forms subhedrdl 
laths from 0;3 to 0.5 mm in length, is partly altered to - 
chlorite. The accessory minerals include apatite, olivine, 
and serpentine. - v

a -:
'■i.

\
l -
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GEOLOGIC STRUCTURE

Regional Features
The Hilton Ranch area lies to the southeast of the

Sycamore stock which makes up the central core of the
Empire Mountains. During Laramide time extensive thrust
faulting from the southeast took place in the Empire
Mountains. Magma rose along the thrust zone and tilted
the overlying sediments. The intrusion of the Sycamore
stock was localized between two strong tear faults in
the over thrust sheet. (See Figure 1)

The northeastern tear fault, the Empire fault, dips 
oapproximately 45 to the northeast. It is reported by 

Sopp to be a normal fault with a possible strike slip of 
over 5,000 feet. At the southwestern margin of the stock 
the Hilton tear fault dips steeply to the southwest. The 
displacement on it also may be mostly horizontal, but not 
as large as that of the Empire fault. ^

The relative movement of the block of sediments ' 
southeast of the Sycamore stock was to the southeast.! 
This was probably due both to a barrier which broke the 
thrust sheet into blocks as it moved to the northwest : 
and to the intrusion of the stock.

General Statement
In this area the Hilton fault and the Lone Mountain 

fault are the dominant structural breaks. (See Plate 1)

31



32

Associated with them are several normal and reverse 
faults. Folding is confined to a small syncline in the 
Hilton Wash. The Sycamore stock exhibits a persistent 
joint system and an associated set of dikes and fractures.

The Hilton fault, Which was described by Mayuga to 
the west, is. the. major structural break in the area. It 
strikes from N. 60 to 70 W. and dips from 65° to 75° to 
.the southwest. (See Plate 1) The fault gouge and 
breccia.zone is readily followed from the western edge 
of the area in Hilton Pass to the southeast where the 
fault extends beyond the mapped area. Although the fault 
plane is rarely exposed, the topographic expression indi
cates. the dip.

The Lone Mountain fault, north of the Hilton fault, 
is less well exposed. It more or less, parallels the 
Hilton fault and bounds on the north the block of lower 
Paleozoic sediments which extends diagonally across the 
southern, half of the area. The Lone Mountain fault is 
best exposed on the south side of Hill 30 where a wide 
breccia.zone occurs. To the west the relations of the 
fault are obscured by a cover of detrius in Hilton Wash, 
but the abrupt lithologic break reveals its position. 
North of Hilton Pass the fault plane is more easily 
traced between the ITaco (?) shales and the Escabrosa (?)
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limestones. The topographic expression of the fault 
plane indicates that it probably dips steeply to the 
northeast. : •

Bedding plane faults are especially strong - 
between beds of markedly different competency. ’ Fault 
nCn. separates the Naco (?);shales from the•overlying . 
Yeso . (?) limestones. It dips approximately • 65°..to 
the southeast and is marked by a gouge and-breccia zone 
from three to five feet wide; Fault "D" separates the 
Yeso (?) shale and sandstone members from the Yeso (?) 
limestone and marl members. It parallels: the ..bedding : 
of the. two members and in places has from one to two;■. 
feet of gouge.: A green diorite dike from one-half to 
two feet wide occupies the fault plane at most exposures. 
% Fault "E" is between the limestone and the quartzite 
members of the san Andres (?) formation along the entire 
extent of;:the formation north of the Hilton fault. The 
fault zone from five to fifteen feet wide is occupied in 
many places by a green'diorite dike.1 L ■ ■

In" the southern part of the area a wide diorite 
dike appears‘to follow a bedding plane fault in the 
Snyder Hill limestone. Aince the apparent thickness of 
the Snyder Hill is.over-1,800 feet in this section, it 
is likely that there has been duplication by movement ■ 
along this dike-fault. : ■- - • ;

Faults 1 to 4, south: of Hilton Pass, trend N. 15 W.
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and dip from 70° to 80° to the southwest. These faults 
are readily traced because they.displace several well 
marked horizons. Since there has been horizontal move
ment along the-Hilton fault. It is reasonable to suppose 
that these faults also are displaced horizontally.

The Quartzite fault, located northeast of Hill 30, 
trends N. SO W. and is approximately vertical. Its 
displacement appears to be largely horizontal with the 
southwestern block moved to the southeast.

The Yeso fault on the southeastern edge of the area 
is a reverse fault which -trends N. 30 to 50 E. and dips 
steeply to the southeast. The extension of this fault 
has not been traced.to the northeast beyond the point 
where it cuts off the Quartzite.fault. The Hilton fault 
terminates the Yeso fault to. the south.

The Center, fault lies in Hilton. Wash northwest of 
the Quartzite fault. It dips steeply to the southeast 
and,, curves; from N. 20 E. to N... 55. E. The field evidence 
for its.existence is not too conclusive. At the ooint 
where the section line AA, Plate 1, crosses the .fault, 
there is definite evidence of a. strong- fault separating 
the Yeso (?) members. The same is. true farther to the, 
south along the strike, of the fault before it curves to;
the south.- It, is believed that the fault cuts, through 

the.Yeso (?) shale member mainly because of a sharps 
change in the strike of.the shale beds on opposite sides
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of the wash that follows the fault zone. •
In the Sycamore stock a wide fracture zone near

the eastern edge displaces several apite dikes. This
: . - - ' - \  ■

fault strikes N. 25 E. and shows a horizontal movement 
of the western segment to the south.

A small syncline occurs in the Yeso (?). limestone 
in the central part of the Hilton Wash. It pitches 45° 
to the southeast and the axial.plane strikes approxima- : • 
tely N. 40 W. The northeastern limb of this syncline 
is cut off by the Quartzite fault.

Structure in Igneous Rocks - - - - . -
. - . vThe Sycamore-stock has a well developed joint sys
tem in which the dominant set is vertical and strikes 
N. 25 E. The complementary direction, N. 65 W., is % 
less common. Nearly, every outcrop also exhibits a third, 
nearly horizontal joint set characterized by a thin ; 
aplite -stringer, following the joint plane. (See Plate S B) 
All joints show a development of hydrothermal minerals 
along their surfaces’; The strong N. 25 E. direction 
usually is veneered with epidote and hornblende needles 
and the horizontal joint planes also have mineral coatings.

Several varieties of dikes cut the quartz monzonite 
stock. The aplite.dikes which trend from N. 40 W. to N.
65 W. are very irregular in thickness. Dike No. 1, which



is four feet wide at the eastern margin of the stock, 
thins to.the west and splits into" two separate dikes.
Dike Mo. S thins from four feet to three inches at one 
locality. _ ; ; - ' ''. ■ - : i . ■ _

The andesite dike, which trends' N. 30 E., varies 
from four, to six feet in width. It displaces the aplite" 
dikes with' a .movement of the western segment to the south.

The "wide rhyolite porphyry dike, which cuts across- 
the - stock; in'; a-M. 50 E. • direction on the western margin* 
of the area/ was not studied in its relation to the aplite 
dikes  ̂ 1-■■' - t " rv V

* . ■:: ‘ •Structural Interpretation
From the geology of the surrounding region it is con

cluded that the .Hilton fault is a major tear fault in the 
overthrust block that moved to the northwest. The strata 
south of the Hilton fault were pushed farther to the 
northwest than those on the north of the fault. The 
intrusion of the Sycamore stock probably increased the 
relative displacement of the strata on the opposite 
sides of the Hilton fault.

The Lone Mountain fault, which parallels the Hilton 
fault, is probably a subsidiary tear fault. The tri
angular block of Paleozoic sediments bounded by these 
faults appears to have broken from the overthrust sheet. 
The displacement of the strata in this block is as much 
as 5/4 of a mile on the north side of the Hilton fault.

56
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The displacement on the south side o.^ the fault is 
probably even more, although similar strata are not 
exposed. (See Figure 1)

The bedding plane faults"in the area were associat
ed with the doming of strata by the intrusion of the 
Sycamore stock. The normal faults appear to be tensional 
breaks also caused by compressive forces of this intrusion.

The later Yeso reverse fault, which cuts across the 
Lone- Mountain and Quartzite, fault, may be due to renewal 
of stresses from the southeast. The Hilton fault pro
bably also had reoccurring movement on it for the Yeso 
fault is cut by it;- ' ' v; ' ' ■' "

I

* !
. - : ! z

i - ; .

• i *
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METAMORPHISM

The . sedimentary, rocks around the Sycamore Stock 
are altered In appearance and composition. - .Extensive 
fracturing; occurred in the area during and after the . 
intrusion of the stock and the heated solutions, taking 
advantage of these, channel -ways, rose from the lower 
part of the cooling; magma and circulated through the 
fractured rocks.- In. general, the rocks beyond the stock 
margin are little, metamorphosed where they are not . • 
greatly fractured. - : . .
• : The metaniorphic aureo le surrounding the Sycamore :
stock forms ê n irregular aone .from 600 to 1200 . feet _ 
w i d e T h e  most intense alteration is -near the stock 
contact where a garnet band ranging from 5 to..25 feet 
wide is :formed in favorable .linestone, and shaly lime
stone beds. • Tt consists mainly of brown garnet (andra- 
dite), coarse calcite,. and; quartz.; In places, pyrite, r = ^ 
chalcopyrite, and idocrase are developed. At the con
tact of the stock with the more shaly sediments coarse 
needles of hornblende,.up to. one inch in, length are 
developed together with coarse-grained orthoclase and 
quartz of pegmatitic textpre. . . ■ • /-

• In the metamorphic aureole the Naco (?) shales and 
limestones; that are farther from the stock margin show 
marbleization and silicification. Epidqte is commonly 
developed in the more shaly strata. - In the sandy , i i j-.
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members of this series there has been some recrystalli
zation along bedding planes and the formation ,of biotite, 
magnetite, and secondary quartz. The limestone beds 
. have been recrystallized into very coarse-grained marble, 
with individual calcite grains in places up to 1 inch in 
diameter.

The.Abrigo .(?), Martin (?), Escabrosa (?), and 
Naco (?) limestones in the central part of the area are 
between tv/o major "faults. Thev are cut by numerous' ' ''"V- ■ V..;' ; • V' . ■ ; r ; _ i ,
dikes and two,small plugs.of quartz monzonite. The 
Abrigo (?) limestone has.been altered by the recrystal-, 
lization of the. cherty bands of the formation so that 
they weather out in relief from the interbedded lime—  

stone layers. The Martin (?) limestone shows some 
recrystallization and .. coarsening of grain size, as well 
as bleaching from its predominantly blue color. The 
Escabrosa (?) limestone has been greatly changed from 
its typical appearance. It is recryst&llized to a white, 
very coarse-grained marble. The Naco (?) shales and 
limestones north of the Hilton fault have been highly 
altered. The limestone beds are recrystallized into 
coarse-grained marbles,•and the shaly limestone beds 
have been converted into silicates. Dense, chert-like 
beds with small quartz -lined vugs and cavities are .. 
characteristic of the more intensely metamorphosed 
parts of this formation. The Naco(?) shales have been 
hardened and recrystallized into brittle hornfels, which
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in places are greatly shattered.
: . Except where there has been strong faulting, the 
other sediments are little altered. This is well shown 
in the Yeso marl and gypsum beds - in the Hilton-AYash.. : -
These beds are soft, crumbly, unconsolidated formations~ . - - - - ... -* **  ̂ - .... - * * - ■ ~ '

which show•little or. no,recrystallization, or Hardening• ;
except, along.fault;planes. The gypsum beds have been

o *tilted to an angle of 45 but are still porous, crumbly 
beds except ..along bedding plane .faults : where, a banded . . 
alabaster texture is developed. . •
... .,The more.massive limestone beds of the San Andres (?)
-formation and, the. Snyder Hill limestone show little 
metamorphism but the San Andres (?) quartzites show 
recrystallization of the quartz to angular, irregular 
shaped'grains. (See Plate 6 B)
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, GEOLOGIC HISTORY

General Statement
The Hilton Ranch area reflects the geologic history of 

the Empire Mountains and of much of southeastern Arizona. 
The Paleozoic is represented by rocks ranging in age from 
Upper,Cambrian to Permian. A long' period of erosion in the 
Triassic and.Jurassic ended by the deposition of - thick 
clastic sediments near the close of.the Mesozoic era.

Extensive faulting,and igneous activity marked _ the 
Laramide revolution and early Tertiary period. Several 
widespread- erosion surfaces were formed during the latter 
Tertiary and Quaternary. • ’ ' .

Cambrian .  ̂ . ... .. . . ,
The earliest rocks are the cherty limestones of the 

Upper Cambrian Abfigo formation, which probably represent. 
the deposition of fine calcareous muds in a sea of moder
ate- depth. The coarse, littoral sediments of the Bolsa 
Quartzite,, which were deposited elsewhere in southeastern 
Arizona in the Middle Cambrian seas, are not exposed here.

Ordovician-Silurian
After the retreat of the Cambrian seas there was a 

complete, break in the depositional sequence, until Upper 
Devonian time. It is probable- that land, conditions pre
vailed through much of this interval. f .
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Devonian ''

Sedimentation began again with the advance of the 
Upper Devonian seas from the southeast. The Martin 
limestone accumulated in an open sea at some distance ' 
from shore, presumably in water of moderate depth^*.

Mississlnnian
The . Early Mississippian was marked by the encroach

ment of a still deeper sea over southeastern Arizona and 
the deposition of the pure, thick-bedded Escabrosa limestone.

Pennsylvanian
- After the Escabrosa limestone was laid down, the seas 
retreated completely from the area and the overlying Penn
sylvanian Naco limestone rests on the Escabrosa with a dis- 
conformity marked by an angular breccia. The Naco sea, 
which advanced from the southeast, was of varying character. 
•The earlier limestones and shaly limestones indicate depo- 
sition away from shore; but toward the close of the period 
the seas became shallower, and impure, calcarepus shales 
and sandstones were laid down. • \ •

Permian
: In this area no break in deposition is found between 

the Pennsylvanian and Permian. The oscillating condition 
of. the sea at the end of the Naco limestone period of 
deposition continued into the Permian. The Manzano

1. Ransome, loc. cit., p.35. -
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formation -sediments show that the seas were variable 
in-depth. 'Shallow water shales and sandstones alternate 
with marine limestones and with marly, gypsiferous beds 
which indicate-very shallow seas and excessive evapora
tion. Toward the end of the Permian the San Andres 
limestonesand the Snyder Hill limestone indicate 
deposition in deeper *aterj whereas the cross-bedded, 
fine-grained Sari Andres quartzites iridicate probable 
deltaic deposition. .
Triassic - Jurassic ;

The withdrawal of the - Permian seas from southeastern 
Arizona at.the end of the Paleozoic began a long period 
of non-deposition which lasted until the Cretaceous time 
in the Empire Mountain region. Mo evidence is present of 
any disturbance of the Paleozoic sediments during this 
time, although faulting is represented elsewhere.
Cretaceous ' _ '

The invasion of the Cretaceous seas was over an 
erosion surface in the Permian"Snyder Hill limestone.
A great thickness of fine-grained, clastic sediments was
deposited, only a small part of which are represented 
in this area.
Tertiary

-The. Laramide Revolution resulted in extensive-faulting 
and igneous intrusion in-the Empire Mountains. The



44
earliest disturbance was a .widespread thrust fault in 
which Paleozoic rocks moved over younger Cretaceous strata. 
The intrusion of a quartz monzonite stock accompanied 
this thrusting, and was closely followed by normal 
and tear faults. The ’metamorphism and ore deposits 
are related to this period of igneous activity.

During the later Tertiary the basins surrounding 
the Empire Mountains were filled with thick,•continental 
and lake bed sediments, resulting from the erosion'of 
the nearby mountains. These sediments show evidence 
of several periods of uplift, which indicates that, 
faulting continued intermittently throughout the Tertiary.

Quaternary
In late Tertiary and Quaternary time three well 

developed, pediments were . formed " on the Tertiary 
rocks of the San Pedro valley, east of the Empire 
Mountains. ... These erosion surfaces, may be represented 
in the Hilton Ranch area by the pediment surface 
in Hilton Wash. • •

8. Bryan, K., San Pedro Valley. Arizona.. Abst.; 
. G. S. A. Bull. 57, pp. 169-170. (1926)
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ECONOMIC GEOLOGY 

Lone Mountain Mine

The Lone Mountain Mine, v/hich was not accessible 
for study, is the only mine in the area with a product
ion record, The following history has been compiled 
from data furnished by the owner Mr. E. P. Hilton.

The Lone Mountain claim was located by Sullivan 
and Dick in 1900 and probably about 50 tons of ore were 
shipped. From that time until December 1923, when L. D.- ' :' - . . v: . ' ./ . . . : \ :::
Hilton located:the claim again, it was unworked.

During the year 1924, Hilton and Morales sunk a , . 
shaft to about 70 feet and hauled ore from the mine by 
team. In 1925 an inclined shaft was sunk to the 200 
foot leyel. In 1926.a 25 HP hoist was installed and a 
vertical shaft was sunk to the 300 foot level. In 
September, 1926 the mine was in daily production of about 
20 tons. In 1927 the mine was leased to the Dubemac 
Mining" Company and ore was extracted until August 1927. 
The property reverted to Mr. E. P. Hilton in 1928 and 
since then has been operated only periodically. The 
following table summarises the production of the mine 
as compiled from records:



SUMMARY PRODUCTION RECORD 

"LONE MOUNTAIN MINE

Year Tonnage Grade r . Value
1900 v- ... • : 50.0 e
1924 ■ ' r 218.6 v. 26^ Pb., 3 o z . Ag. $5,519.00
1925 - 601.0 : 23,936.00
1926 . .. - • . 1,277.0 55% Pb., 12 oz . Ag. :83,546.00

250.0 e 13,750.00
1927 : - ; ; . 50.0 2 .V..: 2,750.00
To date - Oo e 23.000.00

2,866.6 152,501.00

( e r  estimate)
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• : : ; ' Mineralogy \ 1:

The following minerals have been observed in the
area: , ■...: • - - :,
Sulphides . -j / J' ; • . : ■ : . . ,

Chalcocite CugS is recognized microscopically, from 
prospect specimens.
Covelllte CuS is found.as an alteration of the chal
cocite.
Bornite Cu5FeS4 occurs as small grains in the contact 
metamorphic zone of the Sycamore stock.
Chalcopyrite CuFeSg is found in shear zones in the 
Sycamore stock"associated with scheelite.
Galena PbS is present in replacement deposits in the 
limestone.
Pyrite FeSg is found in contact metamorphic zones and
as small cubes in the rhyolite porphyry dikes.

 ̂ ' " .. - - •■ = - : ■ ■ ■ '

Haloids : : .:v.. ■ -• • • •
Fluorite CaFg occurs as a vein six inches wide in the 
southeastern part of the area. It is associated 
'with quartz crystals.

Oxides and Hydrous Oxides
Omrtz SiOg is of widespread, occurrence as quartzite 
and a constituent of quartz monzonite. Crystals are 
found in vugs in the limestone near igneous intrusions 

and near fault planes.
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Hematite Fe^O^ concretions are present in the" San 
Andres (?) quartzite and in gossan :in.prospect pits. 
Tungstite WO-z is a yellow earthy pov^der associated 
with:scheelite in shear zones in the quartz monzonite. 
"Limonite" . FepQ^•nHoQ is very common in gossan in 
prospects.
Tenorite CuO is present in the Lone Mountain Mine in 
the oxidized ore.

Carbonates
Calcite--CaCOg is found in crystalline form in the 
oxidized ore of the Lone Mountain Mine.
Manganiferous calcite is associated with scheelite 

: in shear zones in the Sycamore stock.
Dolomite CaCOg’MgCOg occurs as beds in the.Yeso 
series and in the Martin limestone.
Siderite FeCOg is present in the gossan of prospects 
and mines along replacements in the Snyder Hill 
limestone.

; Malachite CuCOg'Cu(OH)p 
Azurlte SCuCOg•Cu(0H;g occur together in the
oxidized ore of the Lone Mountain Mine and in
prospect pits.
Smithsonite ZnCOg is found in fibrous masses and 
bands with curved and botyroidal structures in the 
ore of the Lone Mountain Mine. o  ̂ '
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Cerusslte PbCO^ is in the ore of the Lone Mountain 
Mine as a gray massive earthy mineral.
AurichaJLcite, 7(Zn,Cu)OV3CO? is found in the
oxidized ores of the Lone Mountain Mine as small, blue, 
fibrous, radiating serai-spherical masses with hemi- 
morphite.

Sulphates
Gypsum CaSOj.pKgO is found in beds from one to six 
feet thick U the Yeso sediments.
Jarosite K^Fe^(0H)^o (S04)4 is common in the oxidized 
ores of the Lone Mountain Mine and in prospect pits.

Tungstates
Scheelite CaW04 is found as white to yellow tabular 
grains along shear planes in the quartz monzonite 
and as disseminated grains in limestone in contact 
metamorphic zones near the'stock boundary. It is 
associated with manganiferous calcite, quartz, 
epidote, chalcopyrite, and sericite.

Phospates
Apaĵ i_te (CaF)Ca^ (PO4)^ is an accessory mineral in the 
quartz monzonite stock.

Silicates
Chrysocolla CuSiO^-SHoO occurs in the oxidized ore

i t < to0
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of the Lone Mountain Mine with malachite and limonite.. 
Snhene' • CaTiSiO^ is an accessory mineral in quartz 
monzonite. • : '
Wollastonite CaSiOg is.in the contact metamorphic zone 
of the stock in association with garnet, epidote and 
chalcopyrite.
Garnet— Andradite' CagFeg(S10^)g occurs in the contact 
metamorphic zone surrounding Sycamore stock as a brown 
replacement of the limestone.
Sericite HglCAlCSiO^)^ Is an. alteration of the feldspar 
in the quartz monzonite and is associated with schee- 
lite in shear zones in the Sycamore stock.
Idocrase Ca2Alg (0H,F)SigQ7 is a contact metamorphic 
moneral in association with garnet and epidote.
Epidote Ca^Al,Fe)50H(Si04)3 occurs as yellow green 
crystals associated with scheelite and with garnet 
and calcite in the contact metamorphic zone.
Biptite HgK(MgFe)gA18i04 is a constituent of the 
quartz monzonite intrusive. It is more common near 
the margins of the stock.
Feldspar— Orthoclase KAlSiCL is present in the quartz 
monzonite, aplite, and rhyolite porphyry. It occurs 
in large, coarsely crystallized masses in the contact 
metamorphic zone of the Sycamore stock in association 
with hornblende, garnet, and quartz.
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Hornblende Ca,lfg,Fe,Al, silicate is found in the 
quartz monzonite and diorite intrusives. It also
occurs, as coarse needles associated with quartz and

• ... - • - , ' ■

orthoclase at the Sycamore stock contact.
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Plate III

A. Characteristic outcrop of the Abrigo(?) 
formation showing lamination of dark 
chert bands with layers of limestone.

f

B. Flat lying joint planes in the Sycamore 
Quartz, monzonite followed by apllte 
stringers.
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Plate IV

A. Photomicrograph of a Naco (?) meta- 
mophosed shaly quartzite bed, showing 
dark bioite and magnetite grains in 
fine-grained quartz groundmass.
(Plane light, X 44)

B. Photomicrograph of Naco (?) shaly 
limestone showing unidentified 
fossil shells. (Plane light, X 27)



PLATE IV

B
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,Plate V

h* Outcrop of Yeso (?) gypsum showing 
massive, "banded type.

B. Outcrop of Yeso (?) gypsum showing 
weathering of crumbly, porous type.



PLATE V

B
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Plate VI

A. Photomicrograph of sugary, fine
grained type of gypsum, showing 
granulitic texture.. (Crossed 
nicols, X 156)

B. Photomicrograph of San Andres (?) 
quartzite. (Crossed nicols, X 51)



PLATE VI
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Plate VII

A- Photomicrograph of quartz monzonite from 
Sycamore stock showing zoned plagioclase 
(top right) orthoclase,(l07.rer right dark 
grain), hornblende.(center), and quartz 
(light gray, center and top right). 
(Crossed nicols, X 41)

B. Photomicrograph of andesite porphyry
showing trachytic texture of hornblende 
and feldspar microlites and a phenocryst 
of hornblende. (Plane light, X 87)



PLATE VII

B
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Plate VIII

A. View looking northeast.from .peak on
western edge of area showing .Sycamore 
stock basin, Hilton Wash, hills on the 
southeast edge of Empire mountains and 
the Whetstone mountains in distance.

Be View looking east from peak on western 
edge of the area showing Hilton Wash 
and Hill 30 on the right.



PLATE VIII

B
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Plate IX

A. View from Hilton Wash looking Southwest 
toward highest point in the area. show
ing thick limestone bed in Haco (?) 
limestone series.

B. View from Hilton Wash looking Northeast 
showing hills of San Andres (?) quartzite 
and Snyder Hill limestone.
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Plate X

A. View from western edge of area in the 
Sycamore stock looking east.

B. View looking south'in the Sycamore
stock. showing Hilton Ranch buildings.
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