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- ABSTRACT

fhe Beacon Hill-Colossal Cave area, lying at the southern
end of the Rincon lMounteins in Pima County, Arizqna, is a thrust
‘composed of Paleozoic sedimentary rocks pushed over quartz monzonite
_of either late Cretaceous or Early Tertiary age; The exposed
. sedimentary formations include the Cambrian Bolsa quaz;t.zite and
" Abrigo formation, Mississippian Escabrqsé. limestone, unnamed
Tertiary: (?) .sediments, and Quaternary alluvium.. The igneous rocks
~of the area include the Rincon granite, which is a quariz nonzonite,
~and a dike-sill complex composed of diabase.. i«ios’o of tﬁo minor
structure in the area is the result of forces from the south vhich

-Was responsible for the thrusting.




TIITRODUCTION
Location of Area

Colossal Cave, which lies in the northwest corner of the
area, is twenty-nine miles southwest of Tucson, Arizona, and is
easily accessible by two routes. The easier of the-two is via
U. S. Route 80 to Vail, turning no;th onto a good graded road
leading to Colossal Cave; the more scenic route is'via.Broadway
and the 0ld Spanish Trail which pas;és by Sahuaro”Nétional Monument.
32° Jorth Iatitude is about three miles north of the arca and
110°, 401 Vest Lorigitude passes through the a:c"'é‘z‘z.x';:Thie area of
study is at the southern end of the Ringon:Mbupfpihé’and could
conceivably be célled part of-thé fdéthills., The area includes
parts of Séctions'l,,2, ii, and 12 of T.16S., R.17E: and is included
in the Tucson, Arizona,‘ Quaarangié published by the United States

Geological Survey,

Size of the A?eéw-

The area is roughly one and a quarter miles square. The
southern boundary is coincident with a graded road vhich leads to
Colossal Cave:s the western boﬁndary runs along the western base of
a series of hills;y; the northern boundary runs along the northern
base of thesc same hills and extends east to just north of Colossal
Cave; and the eastern boundary runs just east of Colossal Cave
southwvard to the wash coming from Hountain Spring Canyon, then
along the wash to a point just north of the Charles C. Day Ranch
where the bo undary goes east so as to exclude the ranch from the

ared.
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Plate 3. Index map showing location of the
Beacon Hill-Colossal Cave arca.



PLATE 4. A panoramic view of the area looking towards
south and west. The high hill on the left igs
Quartzite Ridge, and the high hill on the
right is Beacon Hill. In the fofeground is
the parking lot for Colossal Cave.




PLATE 4
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Purpose of Investigation
The work was undertaken in order to fulfill partly the require-
nents- for a degree of laster of Science at the University of “Arizona.
It is also hoped that-the information will help in piecing together
the complex geology .of - southeastern Arizona.  No previous detailed
study,hasvevef;been.made'exceptvpossibly by field classes from the

University.

Hethod of Investlgatlon
— The geology was plotted on aerial photographs and tr'msferred

to évtopographic map (scalet 1:6000) made by students of field courses.
Brunton compass and cloth tape were used to measure sectlons and to
obtaln 1nformatlon in regard to structure. “Whlklng the outcron"
vas dlfficult because much of the area is covered by detrital material
from the Bolsa quartm.te. | ‘

Laboratory work included micros copic in?estigation of a number
of'thin sections of representative rock types.

Thé field and laboratory work was done during the winte; and

spring of 1957,

Acknowledgements
The writer is grateful to the management of Colossal Cave and
to Charles C. Day for granting me permission to study the area. Mr,
John F. Sulik helped in the field when it was necessary to have more
than one person. Special thanks are due to Dr. John lance under whose
direction this thesis was written, and to Dr..D. L. Bryant who furnished

information on stratigraphy and paleontology.



.'-~' . GEOGRAPHY

The relief. of the area is about 700 feet ranging from below
3400 feet to more than 4000 feet. The topography consists of a series
of hills made of resistant sedimentary rocks lying above less resistant
igneous and sedimentary rocks and alluvial mgterial. The hills have
been designated Beacon Hill (the highest and the one having a beacon
at the top), Quartzite Ridge (an elongate ridge which is capped by
quartzite and lies in the southeast corner of the area), and Hill 22
(so designated by students in field courses). The remainder of the
hills have not been named.

" The climate is semi-arid to arid and has an average annual
rainfall of about eleven inches. Many small washes drain the area,
but only during the torrential rains characteristic of the climate
do any of the washes cérry vater. These washes drain into Pantano
Wash which runs into the Santa Cruz River flowing into the Gila
River.

Desert vegetation such as sahuaro, prickly pear, ocotillo,
palo verde, and mesquite is common. The animal life consists of
snall reptiles, rédents, birds, and insects., Some deer and javelina
can sometimes be seen.

Rock exposures are common but detrital quartzite covers much
of the area.

The area has' no econcrmic importance btesides ColossaIICave

and cattle grazing at present and appears to have little more possi-



bility. Some prospects pits were made for uranium around 1952, but
the amount of uranium.wés of‘such small value that no work was done

past the prospecting stage. -

e




STRUCTURAL RELATIONSHIPS OF THE SEDIMENTARY AND IGNEOUS ROCKS

The dominant feature of the area is a block of Paleozoic -

sediments thrusted over QuértZ"ﬁonzonite of - elther: Late .Cretaceous .

or Early Tertiary age. A diabase dike-sill associated with the. -

thrust has beén intruded into the thrust block; apophyses of the

dike have also intruded along the thrust plane,.



GENERAL STRATIGBAPHY

Sedimentary rocks of the area are confined to the Cambrian,
Mississippian, Tertiary (?), and Quaternary. Cambrian Bolsa quartzite
and Abrigo formationreprésent the greatest thickness of sedimentary
rocks. More recent -sediments, some of possible Tertiary-age, are -
located in the topogz"aphically, lower portions of the ‘area. :.

Igneous rocks are restricted to intrusive bodies. . Quartz T
nonzonite surrounds most of the area:and is the base that Camlwian
sediments have been thrust overe: . = -

- _ A diabase dike intrudes the Cambrian sediments: and extends
east and west. across the area for about half a mile and probably -
has a maximun thiclness about 600 feet. lany small apophyses extend
from it and. small outerops are found throughout the area in the Atrigo,
. in the Bolsa,:and along the contact between the quartz monzonite and
the Bolsa. Between Quartazite Ridge and Beacon Hill a very dark rock
composed of large.crystals of hornblende forns a finger of the main

dike.



SEDIIMENTARY: ROCKS™
. Cambrian System . ~

Bolsa quartzite

" The oldest known sedimentary rocks found at the Beacon Hill-
Colossal Cave area are correlated on the basis of lithology and strati-
graphic position with the:Bolsa quartzite of Middle Cambrian age.
The Bolsa was originally described by Ransome (1904, p. 28) at Bishboe,
Arizonas. The section measured at Quartzite Ridge, vhere the greatest
vthickhess*6f'Bolsa:appears; totals 779 feet. This atnormal thiclness
is 1likely the.result of hidden:structural complications (such as.
imbricate thrusting) not readily seen because much of .the Bolsa. is
:covered. - L S e

ThefBolsa can be divided into three members on the: basis of

lithology and its weathering characteristics:  the lower member which
is composed of coarser-grained sediments-and is generally covered,
the middle member which forms the: top of . Quartzite Ridge and Beacon
Hill and is composed of a fine-grained quartzite with many large ..
quartz pebbles, and the upper member which is more shaly and is also:
generally covered. - R

. The contact of the Bolsa quartzite with the quartz monzonite :
below it'is.generally'covered-but'lithologic variations of the Bolsa.:. -
can be noted .at different locations along the contact. - At Quartzite

Ridge the Bolsa at the contact is a conglomerate made of white

angular pebbles of quartz up to three inches across (similar to -




10 -

" lower member mentioned above), while at Beacon Hil] 3t 1s generally -

a fine-grained purple quartzite with nany larger rounded pebbles |
of quartz up to one-guarter inch in diameter (similar to middle nember
mentioned above).. The contact of the middle member with the quartz
‘monzonite is topographically higher than the contact of the lower -
member. with the quartz monzonite (Plate 1). At a location between :
Quartz:.te Ridge a.nd Beacon Hill the contact has been compl:.caued by
the intrusion of basic igneous rock. Similar complications occur

in the northwestern part of the area.

The base of the lower member is a conglomerate composed of
white angular pebbles ,of quartz up to three inches in 'diameter; Most
of the mexﬁ'ber above the basal conglomerate is covered. :The 66 feet
that is.exposed spottily on the south side of .Quartzite Ridge is a
quartzite but not as highly consolidated, ‘thick-bedded, or competent
as that of the quartzite of the middle menmber. High:lyfractured-
zones filled with quartz -stringers are quite prominent in the sparse
outcrops. -Iron and manganese mineralization has been more prevalent
in this nember than in the higher members, The fracturing and miner-
alization are used as indications that structural complications msay

t that cannot be read:.ly seen since much of tha.s member 1s covered.

The niddle member is found in the topographlcally hlgher portlons
of the area a.nd is a hinhly consolldated f:me-graa.ned quartzite 155
feet thick. It has many large (up to one-quarter inch) rounded quarta

pebbles Jf‘.hroughout it. In the westem part of the area below thc beacon
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on Beacon Hill this member of the Bolsa is in contact with the quartz
monzonite. It ranges from almost white to brownish-red to purple -
and is quite thick-bedded, the beds ranging from two to ten feet. -
Banding is often found, sone parallel to the bedding, some in the
forn of liesegang rings, some wavy, and some indicating cross~bedding.
The banding is usually formed of finely alternating purple and white
bands dnd is found most often where the ‘larger quartz pebbles are
not present,

| The upper member of the formation is again not as consoli-
dated, thick-bedded, and competent as the_ﬁiddle meémber. Exposures
again are less comrion, but this is also because the slopc of the
hill is almost parallel to the dip of th}c‘quai‘tiife. - The be_sﬂ :
exposures of nost of the upper member of the Bolsa is in a wash
running parallel to the road west of Quai"cziteRidge. Green shaly.
beds increase tovards the top of the Bolsa. Also it becomes more-
calcareous with calcite and caliche often found in fractures. The
color is generally darker ranging between brownish-red, purple, and

green,

Abrigo formation . . A

The . Abr::.gc format::.on apparently lies conformably on the Bolsa a'
quartza.te. The Abrigo formation was dei‘ined by Ransome - (1904, PP
30—33) to :anlude all of the Middle and Upper Cambrlan deposa.ts abové
‘the Bolsa quartz:!.te.’ The ’cotal meaoured sectlon :m the Beacon Hill— |

Colossal Cave area is 732 feet, 'but this thickness is not considered
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accurate because 1t nas not possible to meesure the entlre thicknesn
in one locatlon and correlation of dlfferent locatlons was not easily
done. Structural compllcations also hindered attempts to measure a
more etacf seotion.“ ‘ . A

Three fairly distlnct 1ithologies are noted in the Abrigo
formatlon and are dlvnded as follows: 1) the lower shale end limestone
member; 2) the middle quartzite member; and 3) the upper limeetone
member, |

The lower 513 fect is composed of alﬁernoting shales and
limestones. The shales are mostly green, though some are pink, are
very thin-bedded, have crinkled bedding surfaces, and have a high
mica end calcite (both in stringers and as cement) content, The
thickest single sectlon of shale is at- the very top of the lowest
member and has a thickne s of 147 feet (Plate 5; Fig. 1)

The only fossils the writer was able to find in this member
were fucoids of unknown origln and a cranidium of a triloblte even
though the shale has been uell exposed by the construction of a
snall earth dam north of Hi11 22 (Plate 1),

The llmestones in the lower member are generally thin and
interbedded with shales. The thickness of the limestone“ are generally
one or two feet, bnf immediately below the thick (147 feet) section
of shale is a largef'lineeione leyer,‘ Tt measures sixteen feet just
southwest of the dam andAtnentybfour feet in the waeh»nunning parallel

to the road east of Quartzite Ridge. A large cavern, partially natural
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Fig.

1*

2.

PLATE 5

The thick shale of lower member of the Ahrigo formation.
Just west of dam.

A small fold in the lower member of the Ahrigo. just

east of dam.

13



Fig.

Fins

1.

2.

PLATE 6

The quartzite member of the Ahrigo formation. Just

east of dam.

The cliff-forming Escahrosa limestone.
Colossal Cave about 500 feet.

Northwest of

14
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and partially men-made, is.found in this limestone about 300 yards
east of the road. This.cavern is now used as:.a dump by Colossal -
Cave. .
" Three different types of limestones occur up through the
member. In the lower portions the limestone is usually brown end.
very silty, which is indicative of the transition from the Bolsa
quartzite below. Towards the center-the limestone is generaliy
green and has some of the lithologic characteristics efﬁthe green .
shale surrounding it. Higher the limestone becomes purer and is
gray. An example is the thick limestone described above. The silt
and shale are no longer as prevalent as they are lower down. ™

The lower member of the Alrigo is very incompetént and many
small folds and breaks are present, An example is shown in Plate 5,
Fige. 2. This is probab}j ‘;,he‘reeul‘o ~of forces applied when the
thruptlng occurred. B

The mlddle quartzlte member measures 44 feet and is eray to
dark gray, medlums-to coarse-vralned, and is hlghly induratod. Beddlng
planes ave from nine to fifteen 1nches anart and has some thln‘sh“le
peds similar to those found in the lower membem‘of the Abrlgo. The
amount of‘calcium carbonate ie ver& hiéh éndﬁemlyléhefhiéhei amount
ef Quertz keeps it from being a limestone. The resistant character

of the quartzite is shown by the steep cliff 1t forms in bhe 31de

of the wash near the dan (Plate. 6, Flg. l)



The upper member of the Abrigo is a coarée-grained limestone
that becomes siltier towards the top. The silt is concehtrated in
zones parallel to the bedding., It is generally pink with some gray
limestone. Because of its thin~bedded character it is not resistant
enough to form cliffs in this area but it does form a steep slope.
Dicellomus, a small brachiopod of Upper Cambrian age, was found
- towards the top of the exposed section.

‘Above the limestone the section is covered by debris from Bolsa
quartzite and more recent deposits. |

Stoyanow (1936, pp.466~467, 476) has described sections in
‘the Santa Catalina Mountains and in the Whetstone Mountains similer
t§ the Abrigo formatibn described here in the Beacon Hill-Colossal

Cave area.

Mississippian System

Escabrosa limestone

16

The Escatrosa limestone (Plate 6, Fig. 2) is of Early Mississ-

ippian age and the youngest of the lmown Paleozoic sediments in the
area, Only the lower (149 feet) portion of the formation occurs
in the area since the northern boundary is arbitrarily placed at
Colossal Cave. |

The 1imestone is generally quite hard with the thick-bedded

(4 to 6 feet) portions forming the only distinct cliffs in the area

studied by the writer. The thinner~bedded (3 to 18 inches) limestones

form steep slopes and benches betwoen the cliff-forming limestones.
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The textures vary from very fine—- to coarse—grained. Chert is common
but is most prevalent in the coarse-grained_limestones. -Numerous
calcite stringers arevfound at the highest portion of the measured
section, and local heavy concentrations of -iron oxide are. cormon
about sixty:feet up from the base of. the section. )

Fossils are quite common in the Escabrosa outside of.the:area,‘
but none were found here., Guides at Colossal Cave (which has been': -
formed in the Escabrosa by ground water ‘activiiy) have informed the

writer that they also have never secn any:fossils here.

Tertlary and Quaternary Systems
Tertiary (?) sandstone o

In the east central portlon of the erea a very fridhle, silty,
calcareous sandstone is present. It varies from gray to 1ight grecn
to 1lght purple and has a conoosltlon of about 311ty percent quartz
with silt and calclum carbonate holdlnn the rounded, well—sorted “
quartz grains loosely together. It is quite thln-bedded and has
an average strlke about NlOE and dlpa 35W. It has a masimn thlckness
of not over ten feeto A

Brennan (1957,4perSona1 communlcatlon) has stualed the Pantano’
formatlon (Miocene) farther to the south and 1ndlcates that the

sandstone described above may be one of the members of the Pantano.
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Tertlary (?) red breceia ~ U7 o T Sumalion, ot o

In the eastern part of the area.a formation of ‘doubtful age
and origin occirs lying apparently conformably on the Tertiary (%)
sandstone in at least one place, It ranges from a very coarse bfeccia
to a very siliceous rock. The hreccia is composed of large angular
to sub-rounded fragments (up to six inches across) of quartz nonzoni te,
limestone, quartzite; and shales, and has zones that are fairly well-
sorted ‘and somie that are not. : The matrix is a fine—grained silica
rich 'in iron oxide &nd has feldspar associated with it. The treccia
fragments are absent in-some zonesand tHese zones are composed
Aentirely of the fine-grained material.:: The unweathered portion is
very hard and vhen fractured i%t: breaks evenly across:the larger
’fragmeﬁtsfandrmatrix alike. The weathered rock becomes soft and -
crumb}es.eqsily,N.Menganese oxide gtains the surface in many places,

In the southern portlon the rock de°cribed above is associated
with a very :11108040 uhlte rocx capplnv the amxrl hlllo.. Chert
10 abundant in the 1ower portlons of the smllccous roek and appears
along the zone between the breccia and 3111ceous rock. r

The bedd:mv is poor and fracturlno, such as Jo:mts, are irreg-
ular. It appears, hovever, hat the d1p of the ?ormatlon is to the
east at about 30 devrecs, and tlc gtrw e o? the joLnts ;re aoproximately
’north—sout end eebt-weat. | ‘ f

hi formatlon io vrobably assoclated wmth a chert formation
rthat is found generally farther north. A 300- foot C1lfL of thlo ;

material ocecurs above Colos al Cave to the northeast.
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-Clement. Acker, who has studied this formation, informs the
writer that he believes that.it has- been thrust from eithef;the‘west
or north and is derived from chert that-has been forced from the
cherty limestones prevalent in the region, possibly from the Horquilla
formation, since a fusilinid of possible Pennsylvanian;agé has ‘been
found in a chert pebble. LT ey

The chert was probably the origin of . the silica used to cement
the breccia fragments together, and the siliceous rock was probqbly‘
p:imarily formed from this same silica.

The age of the formation is considered to be post-Cretaceous
because it has fragrents of the quartz monzonlte whlch was 1ntruded

sometime durlng Late Cretaceoug or Ebr]y Tertlary (Hoore & Tolman,

'1945 (?), P. 11)

Tertiary (?) alluvium . o ool e oo

Aluviun covers much.of the area between-Beacon Hill and = .
Colossal Cave and fopm5>small_hi1ls cut by many small washes. - Two
staggplof deposition of alluvial material has taken place, one.of
Tertiary (?) age and the other of Quaternary age.

The earlier alluvium is a coarse conglomeratc composed almost
‘entirely of sub-rounded quartz monzonite fragments that give the
formation a white color when viewed from a distance. Other constituents
include some fragments of schist (which probably came from higher

in the Rincon lMountains), limestone, and quartzite. Caleium carbonate

cement is prevalent and accounts for a small amount of consolidation




in the formation. The almost complete lack of detrital material
from the thrusted sediments around it indicates that the formation
was laid down before the thrusting occtrred. - ‘

The formation dips in various directions ranging from almost
north to almost south but always toward the west with dips ranging
from 18 to 28 degrees and averaging about 20 degreés.' “'The dip is
considered to be the result of deposition and not because of any
structural complications, - The structural and stratlgraphlc relations

to the thrust are not entirely clear.

Quaternary alluvium ‘ A » ‘ N
Queternarjr alluv:n.um 4‘trunca.'l‘;es"vt.he o_ider alluv:n.um and has a
maxdimun thickness of 'oz;lyl ; few f."e_‘evt‘.vx Its most cermlop_ oceurrence ._
is in washes cut into ‘_the older aJluv:.un, Amvzd nov it has been cut
through to expose 'bhe, older alluv:.um inh manyof the deeéer Vwashes..
| It cons:Lst of fragments ef all the ollder formations ‘and is
dark red in contrast 'bo the uhlte of the older Tertiary (?) alluvium.
It has a conglomeratlc texture made up of var:.ous .,haped fragments.

Ho consolidation has ta.ken place.



- IGNEQUS ROCKS .o .. - .. .
Rincon granite-

Swrrounding the areca and forming a base for the thrusted
Paleozoic sediments is a quartz monzonite that has been termed
erroneously the Rincon granlte. Noore and Tolman (1945 (?), p. 11)
have cited 1t as belng elther of Late Cretaceous or Ehrly 1ert1ary
age because it has 1ntruded Gretaceous sediments elsewhere. B |

It 1s composed of. S i | »

feldspar: orthoclase (35%), ohgoclase—alblte (25%)—-
| B 'subhedral to' euhedral, large (up 'bo 0.3 in.) it

varylng size crystals, up to 25 has been altered
'lto ser1c1te. (”hls presence of ser1c1te nakes it
: airficult to dlstlngulsh the orthoclase fron the
Aplagloclase. Consequently the percentage of |
bplacloclase nay be higher.) |
qpartz (30%) subhedral, different size gralns but smaller
‘ (up to 0.1 1n.) than the feldspar crystals. o
T;’hornblende (7%) euhedral, dlfferent size crystals (up to
0.2 1n.)
blotlte (2%) euhedral, a59001ated wlth hornblende
| opaque (maonetlte) (1 ) subhedral, general?y small gralns,
| ’ assoclated with hornblonde. :
Host of the quarta monuonlte is coarse—gralned (feldspar up

to 0.3 inch across), but at ccrtaln small localities it is muck fifier—

gralned suggesting more than one phase of intrusioén..
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It weathers quite easily and can be broken easily by hand. It

vas difficult to find a specimen that was hard ehough to make a thin

section,

Diabase

Diabase intrusions in the forms ofudikes'and silis‘ére prevalent
in'the area. The major intrusioh is believed to be a dikevoecause of
the nature of fractures since noilineatioh could be founo that could
be used to determlne the direction of 1ntru~10n. Fractureu that ‘were
interpreted to be shear joints 1ndlcate that the 1ntru31on was from
the west and has a pre ent dip of 700 (strlke: N2OU) It cuts through
the Bolsa and the Abrigo and was deflnltely later than the Abrigo ‘
as shown by interfingering of Abrlgo llmestone and dlabose.  ‘F

Small diabase outcrops occur throughout the area, espec1ally
along the contact of the Bolsa and the quartsz. monzonite.

These small occurrences of diabase can be given a simple
explanation, as follows:  As.the thrust moved over the quartz monzonite
below it, tension fractures occurred through which the molten diabase
floved. - A large tension fracture is now marked by the presence of
the major dike. . The:fluid would naturally flow through the easiest
channels, and -the ‘thrust plane would be one of these, thus accounting
for the many Outcropé found along the contact of the Bolsa and quartz
monzonite,

This would make the time of intrusion about the same time or

later than the thfusting.
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The diabase is fine~ to medium—grained, very dark green,
and has the following constituents:
feldspar (70%): thin evhedral lathsinterlocking with one
another, heavily altered.to sericite.
hornblende (10%): euhedral, forms the largest crystals
(up to 0.1 in,), edges altering to biotite.
biotite (10%): euhedral, associated with hornblende.
opaque (magnetite) (8%): euhedral, generally small crystals
(but up to 0.1 in.), associated with hornblende.
quartz (2%): subhedral, small crystals.
The weathered diabase is easily crumbled and becomes earthy
in appearance., It is not very resistant and therefore does not étand :

out in relief, lMetamorphism was very slight along the contacts.

Altered peridotite
- In one apophysexof the dike a differentiation of minerals

occurred so that an altered peridotite has been formed in the diabase.
It is very hard, black rock that is much more-resistant than the
diabase. The weathered rock looks like a pile of black popcornj
nany large boulders are lying on the surface.

The constituents reflect the minerals of the Bowen reaction
series and are as follows:

opaque (magnetite) (13%): subhedral to anhedral, both large

(0.1 inch) and small crystals,

olivine (trace): euhedral



augite (15%): anhedral, localized, smaller crystals.

hornblende (40%): euhedral, large crystals (up to 1 in.),
edges altering to biotite.

biotite (30%): euhedral, strongly associated with hornblende.

chlorite (trace): euhedral

orthoclase (trace): subhedral to anhédral

quartz (2%): subhedral to anhedral, small grains.
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STRUCTURE

A huge thrust of Paleozoic sediments over the quartz monzonite
is the primary structure of the area and is probably the cause of
the lesser structure which consists of large faults and fractures
in the competent beds and smaller faults and fractures accompanied
by small folds in the incompetent beds., The actual contact between
the quartz monzonite and the overlying Bolsa quartzite is covered
in almost all places. However, the sinuous patterﬁ of the contact
and the probable Late Cretaceous or Early Tertiary age of the quartz
monzonite strongly sugzests that the Cambrian sediments here were
thrust into their present pozition.

Faults in the Bolsa quartzitg have strikes that vary between
N30-50E except one that has a strike of H40W. The Abrigo has many
folds vhose axes strike in the same direction as the majority of
the faults in the Bolsa, and also has a few that have strikes similar
to that of the NAOW fault in the Bolsa. The axial plane of some
of these folds are fractured and some displacement is noted in one..
Joints are in three direciions approximately IN50W, N-S, N50W.

The Camkrian beds dip to the northeast (strike: N50W) in
the eastern part of the areé and swing around to the northeast so
that they dip moré to the east (strike: N20W) forming a hroad
syncline plunging northeast. The interpretation of this structure
in relation to the thrusting is not certain; the folding may have

occurred before or during the thrusting. If the syncline was formed
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during thrusting, it might be explained by uniform forces acting
from the southeast, or by forces from the south with the greater
amount applied on the western side of the thrust block. * Since -
trends of faults, folds, and joints vary, not enough evidence can
be found to support any of the arguments substantially.

A second thrust in the eastern part of the area is possibly
represented by a red breccia thought to be a thrust breccia-derived”
from chert in the Pennsylvanian Horquilla formation. Not enough
information from the area could be obtained to account for its
presence here. This formation is discussed more thoroughly under

SEDIMENTARY ROCKS.



- GEOLOGIC IISTORY
Pre-~Canbrian time .

:During most of pre~Cambrian time .southeastern Arizona lay .
within a basin of deposition. The extent of sedimentation is unknown,
but widespread outérops of the 'Pinal schist and Apache: group (ne€ither
of which appears in the Beacon Hill-Colossal Cave area) suggest that
deposition occurred over nearly all of southeastern Arizona. . At the
close of pre-Cambrian time the land was uplifted and no deposition

occurred again until liddle Cambrian time., -=i. .

Paleozoic time™ -

The - stratigraphic hiatus between pre~Cambrian and the Middle
Cambrian Bolsa quartzite is marked by an angular unconformity. ' The
source of material for the Bolsa is not lmowm. The succession from
coarse clastic sediments in the Bolsa quartzite to the shales and
limestones of the Abrigo formation indicate a transgressive sea.

Mlso the succession of sediments probably indicate that the land

nass supplying the sediments was wearing down to a surface of low:>
reliefs The:alternaiing;succession'of shales and limestones indicates
a sea that was.shallow and sdmewhat osecillatory. .

The Ordovician, Silurian, and Devonian are missing in the area,
but since the Devonian Martin'linestone is found a half mile east of
ColéSsallcave,‘it is concluded ‘that the Martin is mis:ing from the
Beacon Hill-Collosal Cave area either because of structural compli-

cations or because it has been covered by later sediments. The
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Ordovician and Silurian are not kmown in southeastern Arizona. The
limestones of Devonian through Pefmian tines show that southeastern
Arizona was generally covered by seas. Small transgressionS‘océurréd
during the early Pennsylvanian when conglomerates and shales were
1laid down and in the Permian when quartzites and gypsum were laid
dowmn. ) ' PR

| Only part of the lississippian Escabrosa is exposed in the
Beacon Hill-Colossal Cave area. ' The remainder of the Escabrosa and

the Pennsylvanian -and Permian éediments are foﬁnd farther north. .

Mesozoic and Cenozoic timés

Ko Mesozoic sediments are found in .the area, but the quartz
nonzonite forming the'basevwas,iptrudedteithe;.in¢Late‘Cr9§qceous
or Early_iertiar& (Laremide) time, Affef this tﬁe»area uﬁdérwénf
erosion fgf.a-long.time since itAWOuld=ta£e a gfeat amount.of.time
to uncover the quartz-monzonite intrusion.and.to form the quartz.,
monzonlte alluV1um. - | - | o ‘

Sometime in the Tertiary (?) lurge forces ﬁere belng exerted
that resulted in thrugts, one of whlch is the Beacon Hlll-Colosgal
Cave area. About the same tlme, or shortly after, the diabase dlhe—
sill complex was 1ntruded into and under the thrust. Possibly about

the same time the red thrust breccia was formed. The area since then

has undergone continual erosion.
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MEASUREb SECTIONS
Section 1

Section was measured up the left side of the wash 500 feet northwest

of Colossal Cave.
Mississippian:

ﬁscabrosa limestones: 149 feet. Feet

Top of cliff, additional Escabrosa not measured above.
8. Limestone: dark gray, fine-grained, weatheré very dark

gray, extremely cherty, numerous calcite stringers,
meS Cliff ] . L] L] . - 3 L3 L) - 3 - . - ] - . [ . - - L] 3 20

7o Limestone: dark gray, fine-grained, less chert than in

8’ VeI'y' thick"bedded’ formS base Of Cliff ® & o o o & o o 4
60 COVerOd . - - . . . L] - L) . ] . . - . L] L] . - - - L] [ . . 12
5 Limestones light gray, very fine-grained, cherty but v

less than usual, forms cliff, very thick-bedded (4') . . 18
4o Limestone: gray to white, cherty, forms bench between

cliffs . L] - . . . id . L] . L] . . . - * . . L4 . . . L * . 7
3. Limestone: gray to white, cherty, very thick-bedded (6'),

forms cliff . . . . . L] L] . L) . L] L L] L] L] . . - . L] L] . L] 23
2. Limestones: dark gray, fairly coarse-grained, cherty,

localized hematite concentrations, medium-bedded (3-18"),

forms steecper slopes « ¢ ¢« ¢ ¢ ¢ ¢ v o 0 o 0 0 e e e e 15
1. Covered, but dark gray, cherty limestone in float . . . . 50

Bottom of wash.

(Snlv. of Arizona Likrapy



Section 2

Section was measured in wash at north base of Hill 22 near dam. =

Cambrians
Abrigo formation: 488 feet.
Covered |

6. Limestone: generally pink but grading to gray in zones,
coarse-grained, thin-bedded, becomes more siltiy .-
towards top, silt is concentrated more in zcnes-and’
constitutes up to 40% of total composition, forms steep
slope, chellomus found near top B T

5. Quaruzlte: dark gray to brown, mediumygralned, cal-=
carcous (up to 50% limestone), highly indurated,
nedium—~bedded (9—15“), some thin.shale layers, forms
steep side of wash .« . 7v ¢ ¢ o i o ei e STl e e

be Shale: green and some purple, micaceous, crinkled
bedding surfaces, some very thin (4") limestone lenses,
calcareous, the upper 10! have been deformed by small
folding and fracturing, exposed because of small earth
dam having been dug here, fucoids of unlmown origin,
Craflidim Of trilObitefOuﬂdnear top ¢ e o o o 8 o o o

3. Limestones blue—gray, fine-grained, highly indurated,
more shaly here than to the east R R R

2. Interbedded 1imestones, siltstones, and shales. greenA
to pink, limestones similar to ‘3, shales similar to 4,
siltstones gradational between the two. « .« « « o« o« o« &

1. Interbedded shales and siltstoness ™ imilar to. 2 minus

the ..lmeatone . 0‘..0AO 0:0,. o,a‘vo 0;0 ;8 @ e o s o . .»

Dlabase
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Feet

175

4y

47

16

39

67



Section 3

Section was measured in wash running parallel to road east of Quartzite

Ridge.

Canbrians

19.

18,

17.
16,
15,

12.

11.

10.
.9.

Abrigo formation: 468 feet. | Feet
Distorted shales and limestones

Interbedded limestones and shales: limestones——blue-

gray to brown, fine- to medium~grained, highly

indurated, silty; shales—green, micaceous, very

thin-bedded, crinkled bedding surfaces. Corrclated
to /} of Section 2 [ . . . L) . . L] . . L) L] . . . . [ [ ] . * 104

Limestones blue-gray, fine-grained, highly indurated,
cavern formed in this limestone 300 yds. to the east . . 2/

Interbedded shale and limestone: similar to 19 . . . . . 116
Limestone: similar to 18 + ¢ ¢ ¢ & o ¢ ¢« ¢ ¢ ¢ ¢ o o o 19

Shale: similar to 19 but with more limestone that is
green, thin-bedded, and shaly « o o o o o o ¢ o o o ¢ o & 51

Limestone: similar 0 18 ¢ « ¢« v v v ¢ ¢« ¢ ¢ « o o ¢ o 1
Interbedded shale and limestone: shale~-similar to 14;
limestone-~gray at top, similar to 18; grcen, thin-

bedded, and shaly at center; brown, silty to very fine-
grained sandy near base « + ¢« ¢ 4 ¢ 0 0 e 0 0 e e e 0 e 108

Limestone: ILrowm, very silty, medium-bedded (9-12"),
prominent vertical jointing striking N15E and N70W, forms
steep side of wash in a bend of the wash . . . . . . . . 6

Interbedded green and browvn limestones: grecen—thin-bedded
a-rld Sha.].y; bro‘m_sjjnilal' tO 12 . . . . . 3 . . . o. . Y 6

Covered, but probably similar t0 19 « « « « ¢« ¢ ¢« « « + 15
Limestone: similar 0 12 ¢ o ¢ ¢ ¢ ¢ 4 o ¢ ¢ 4 4 0 0 oo 1

Shales green, micaceous, crinkled bedding surfaces, 1"
parting of beds, some green limestones .+ . « « ¢« ¢« « o & 1
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6.

5.

2.
1.

32
Feef‘

Iimestone: green (gray on some fresh surfaces), silty,
thin—bedded...-......‘......--.... l

Linestone: brown, silty to very fine sandy, gradlng from )
Bolsa L] * L] L] . * . . » L L] * . L] . L] L] L] L] . L] L] . L] i * 4

Conformable and gradatlonal contact with the Bolaa.
Bolsa qpart31te: 133 feet. ' ‘

Quartzite: purple to greeniéh;gfay, medium to fine-

' grained, calcium carbonate in fractures, iron oxide on

weathered surfaces . 6 s o .6 o o o o o e e s e s a s s s 15
Quartzlte' 81n11ar to 5 btut wlth the addltion of some

green shaly members 31m11ar to the green .shale found in

the AbI'lgOn o . 0 6 o e e e o, . o?o . .0 o o & ¢ 3 e e ., 26

Quartzites pale orange~-brown to purple, very fine-grained,

~ thin. red and green shale interbeds, iron:oxide prevalent 35

Quartzite: similar to 3 but banding is prominent . . . . 32
Covered ¢ e e o .. e 0 ¢ e o . : . 40" ‘e .o o— o o o . e o‘ o o 25

Diqbase _

Sectlon 4

Sectlon vas meauured across the hlghest part of Quartzite Rldge..

Cambrian: -

13.
12.

Boisa.qpérfzitei 779 feet.
COVerédA_. R
Quartzites -gray to: -white, flne-gralned, thch-bedded . . 66

Covered........-..........‘-......' 50

Quartaltex gray, but red on weathered surface, not as

highly indurated.as other quartzite in the Bolsa, generally
coarse—=grained but a very fine-grained matrix is present,

many white elliptical aggregates of fine-grained quartz

EradNS o o o o ¢ o o o o o o o o s s+ e e s s 0 e e e s 10



10.

9

5.

e

2e

1.

Quartzite: white, fine-grained, some purple banding
parallel to bedding, scme cross-bedding noted, white
rounded quartz pebbles up to 4" across are prevalent
throughout but usually absent where banding occurs,
thick-bedded (2-10'), forms the top of Quartzite Ridge .

Quartzite: purple, medium%grainéd, finely banded, thick-
bedded (3-6!'), heavy manganese oxide staining, slightly
i‘riable e 8 e e 8 e e s e e € o s e e & & & ® o o s e s o

covered LI 3 LI ) . . ¢ o o & o e ¢ o . . LI ] . . . LI .

Conglomerate: purple, large (up to Z") white, fairly
rounded quartz pebbles in mangancse oxide-rich silica
cement, medium=bedded (6-12") . . . « . v ¢ ¢« ¢ 4 4 . ..

Covered; structural complications may result here that
gives the great thiclmess of total Bolsa . « « ¢« « ¢« ¢« &

Quartzite: red (some very dark green), fine-grained,
nediun-bedded (1'), iron oxide and manganese oxide
staining, quartz stringers . .« + « + ¢ v 0 0 e 0 e o

Quartzites gray, fine-grained, not as highly consoli- .
dated as other quartzite in the Bolsa, some bedding
6-12% apart, high mangancse oxide content (up to 10%)
usually restricted to long ovate forms parallel to
bedding, some iron oxide staining, quartz stringers very
comnon in fracture zone « « « v« ¢« ¢« ¢« 4 ¢ ¢ 4 4 e e 0.

Covered; here also structural complications may have
res‘ﬂnted, as in 7 . L] L L] L[] . L] . . L L] . . . . L ] . . . °

Quartzites 1light gray to dark gray, coarse-grained, sote
large (up to 3") vhite quartz pebbles « o « o« « « « o &

Quartzite: white to light gray, mediwm~grained, some
large (up to #") white quartz pebbles « « o « v ¢ o o o &

Conglomerates white, angular quartz pebbles up to 3"
across, iron oxide and manganese oxide spots, massive . .

Thrust fault.

Quartz monzonite.
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Feet

155

20

12

250

60

110

15

15
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