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ABSTRACT

Colossal Cave is a limestone cavern on the southern margin of the Rincon 

Mountains in Pima County, Arizona. Examinations of the cave and mapping of the 

surface geology revealed numerous faults. The limestone containing the cave was 

closely flanked by four tectonically emplaced formations of contrasting lithologies. The 

pervasive fracturing was produced by gravity glide faulting of an allochtonous sheet of 

carapace rocks from the Rincon Mountain metamorphic core complex, which probably 

occurred in late Oligocene time. The configuration of the cave indicated a

hydrologically diffuse source of ground water. The presence of red clay in a nearby 

cave implied the possibility of a former alluvial fill overlying the cave horizon.

Colossal Cave was probably formed during a period of Pleistocene climatic stability

when ground water from this alluvial fill flowed laterally through the narrow limestone

ridge to a lower elevation.
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GLOSSARY OF SPELEOLOGICAL TERMS

Boxwork - A set of intersecting septa composed of silica deposited in fractures and 
subsequently exposed by dissolution of the matrix limestone.

Breakdown - Collapse of rock from cave ceilings resulting from loss of support when 
the cave is formed.

Celling - Those parts of a cave surface generally comprising the upper part of a 
cavernous void.

Column - A roughly cylindrical deposit of secondary calcium carbonate formed by the 
juncture of a stalactite and a stalagmite.

Floor - Those parts of a cave surface generally comprising the lower part of a 
cavernous void and upon which a visitor walks.

Flowstone - Specifically, a deposit of secondary calcium carbonate brought into the 
cave in solution and deposited in the form of thin sequential layers. Inclusively, 
pertaining to all morphological forms in which the secondary calcium carbonate deposits 
may occur, such as stalactites and stalagmites.

Helicite - A generally small, elongated, generally non-linear prong of secondary calcium 
carbonate oriented in some random alignment with respect to gravity.

Passage - An elongated cavernous void somewhat resembling a tunnel.

Phreatic - That portion of the subsurface below the water table; air is completely 
excluded.

Rimstone - A cavernous void which is generally larger than its entry, of limited length 
in contrast to a passage.

Speleogen - A distinct morphological feature formed by the dissolution or corrasion of 
the matrix rock.

Speleogenesis - The development of a cave through time as the result of the action of 
various processes.

Speleothem - A distinct morphological form resulting from the deposition of secondary 
calcium carbonate, such as a stalactite or a stalagmite.

Stalactite - An elongated, downward pointing deposit of secondary calcium carbonate 
found on cave ceilings.

Stalagmite - A mound or cylinder of secondary calcium carbonate found on cave floors 
and deposited by water dripping from a stalactite.

Vadose - That part of the subsurface at or above the water table; a vadose stream 
would be characterized by a distinct water surface.
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GLOSSARY (continued)

Wall -  The lateral extremities of a cavernous void; the two sides of the void 
connecting its floor to its ceiling.
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I. INTRODUCTION

Description of Cave and Location

Colossal Cave is a moderately large limestone cavern which occurs on the southern 

margin of the Rincon Mountains, about thirty kilometers southeast of Tucson, Arizona. 

The approximate location of the cave is shown in Figure 1. The cave and the area 

surrounding the cave site is depicted on the Vail 7 1/2 minute USGS topographic 

quadrangle map, and Figure 2 is an enlargement of a small portion of that map. The 

cave is developed near the end of a limestone ridge between Posta Quemada Canyon on 

the southeast and Rincon Valley on the northwest. The primary entrance, at an 

approximate altitude of 1120 meters, M.S.L., is about 35 to 40 meters above the 

adjacent canyon floor. The cave passages have an aggregate length of about 3 

kilometers, based on the results of underground surveying.

The cave was developed for commercial display by workers of the Civilian 

Conservation Corps in the mid 1930s. Work included enlargement of the main entrance 

and some tight passages, construction of bridges, balconies, and walkways, and the 

installation of guard rails. A vertical shaft about ten meters deep was driven down to 

an alcove at the northwestern extremity of the cave so that construction materials 

could be conveniently lowered into the cave; this shaft is now covered by a wooden 

hatch. One natural entrance is covered by a ventilation fan, and a second has been 

sealed with concrete. Despite all the

modifications, alteration of the cave is only superficial, with only minimal changes to 

its original configuration when first discovered.

1
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note: contours shown in feet

Figure 2 - Topography at Colossal Cave
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An initial survey of the cave was begun in the 1960s by members of the UAAC 

Grotto, a former Tucson chapter of the National Speleological Society. Surveying 

continued until 1965 but was never completed, although a partial map was prepared. A 

resumption of the survey began in 1982 by Mr. Bret Zepp and the author, assisted by 

members of the National Speleological Society and independent cavers not affiliated 

with the Society. Surveying has continued up to the fall of 1987 and, barring 

unforseen circumstances, will continue for at least two more years, with a probable 

trip frequency of one per month. The cave is especially convenient for investigation, 

since it is close to Tucson. It is almost continually dry and has a uniform pleasant 

temperature of about 21 degrees Celsius.

Soon after beginning the new survey effort, it became apparent that the cave had 

important geological implications. Evidence of faulting, in the form of slickensides and 

brecciation,was frequently observed in the cave. Moreover, a detailed surface 

reconnaissance revealed considerable complexity and detailed mapping of the surficial 

geology was begun in October, 1982.

Purpose and Scope of Investigation

This investigation utilizes several distinct but interrelated approaches to examine 

the factors involved in the speleogenesis of Colossal cave. As in any geologic problem, 

some data are well established while some are questionable; some conclusions therefore 

are of necessity conjectural. These approaches are as follows:

1. Utilizing published data, the stratigraphy of the local area is reviewed. A 

generalized stratigraphic column has been prepared.

2. Based on recent work of a number of authors, the geological history of the 

area is summarized. This history illustrates how previous events have affected the
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stratigraphy and structural relationships at the cave site and how they prepared the 

site for speleogenesis.

3. Detailed geologic mapping on the surface above the cave revealed the detailed 

stratigraphy and structure above and in the immediate vicinity of the cave. The 

lithologies of the formations will be discussed in some detail.

4. Terrace and pediment surfaces in the local area were examined in an attempt 

to determine the timing of the speleogenetic processes.

5. Detailed mapping of the cave revealed its configuration, both its general plan 

and detailed morphology. Structural features observed in the cave were appended to 

the map.

6. Utilizing the data developed in the structural, morphological, and physiographic 

aspects of this investigation, a theory of speleogenesis for Colossal Cave has been 

formulated. This theory discusses both the processes involved in the cave’s 

development and the probable timing of those processes.

Previous Work

A Geological Map of the Tucson Quadrangle by N. H. Darton, at a scale of 1.2 

inches per mile, was reportedly published in 1925, possibly as part of Arizona Bureau 

of Mines Bulletin 119.

A United States Geological Survey geological map of the Tucson 30 minute 

quadrangle (1940) was available as an open-file report at the Arizona Bureau of Mines. 

This map reportedly had a scale factor of one inch per mile. The surficial outcrops 

and structure of the Colossal Cave area, were described in an unpublished University 

of Arizona master’s thesis by Clement J. Acker in 1958. Acker mapped an irregular 

area covering about two square miles (about 5 square kilometers) at a scale of 600 feet 

per inch. The Colossal area is shown on the Geologic Map of Pima and Santa Cruz
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counties, (Arizona Bureau of Mines, 1960); but the scale factor of 1:375,000 (about 6 

miles per inch) precludes any detailed geological relationships. The Geologic Map of 

Arizona (1969), at a scale of 1:500,000 (about 8 miles per inch) is useful only for gross 

geological relationships. A United States Geological Survey geological map of the 

Rincon Valley 15 minute quadrangle (Drewes, 1977), at a scale factor of 1:48,000, shows 

outcrops in good detail and portrays structural relationships in a series of cross 

sections, one of which passes close to the cave. The same data were incorporated in 

Drewes’ Tectonic Map of Southeast Arizona (1980) at a scale factor of 1:125,000.

The cave itself is first noted in a four page editorial in the Pan American 

Geologist (1930). The article contains little relevant data, except for a small geologic 

map and four cross sections credited to the Arizona Bureau of Mines, possible derived 

from Darton. The cave was partially mapped by the UAAC Grotto, a chapter of the 

National Speleological Society in the early 1960s. The map, which shows almost no 

detail except for the cave walls, was never finished and never published. Several 

articles about the cave in UAAC Grotto publications make no mention of detailed 

geology at the cave site or cave morphology.
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II. STRATIGRAPHY 

General Stratigraphy of the Area

Colossal Cave occurs in Paleozoic limestone, in essentially continuous outcrops of 

Paleozoic rock totalling 18 to 20 square kilometers, representing the only major 

outcrop of this age in the vicinity. Geology at and in the vicinity of Colossal Cave 

has been mapped at a scale of 1:48,000 (about 0.75 mile per inch) by Harald Drewes 

(1977). His map is based in part on previous work but also on additions and 

interpretations by Drewes himself. Inasmuch as those map units represent some of the 

more recent geologic work in this area, most of these map units have been 

incorporated into a general stratigraphic column for the cave area, as shown in figure 

3. Also included in this column is Acker’s siliceous breccia, Tsb, which is almost 

insignificant on a quadrangle basis but very significant at the cave site. A few of 

Drewes’ units, which are of very limited areal extent and not pertinent to the purposes 

of this study, have been deleted. Unless otherwise specified, direct quotations in the 

remainder of section II are from Drewes (1977).

Older Precambrian

Pinal Schist The Pinal Schist consists of deep marine sediments initially deposited 

1600-1700 million years ago and subsequently metamorphosed to mica schist, quartzite, 

and other metamorphic rocks. Pinal outcrops occur several miles from Colossal Cave 

but apparently do not occur beneath the cave in the subsurface because of faulting.

The total thickness is unknown.
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Continental Granodiorite: This rock is a dark gray coarsely porphyritic

grandodiorite. Its identity is apparently based on its similarity to outcrops of 

Continental granodiorite on the Sahuarita quadrangle, at the northern end of the Santa 

Rita Mountains, near the town of Continental. The radiometric date derived from 

outcrops on the Sahuarita quadrangle is 1450 million years, and a similar age is implied 

for the Rincon Valley outcrops. The total thickness is unknown.

Rincon Valley Grandodiorite: This rock is a massive granitic textured granodiorite 

having a radiometric age of 1450-1560 million years. It was originally named by 

Moore, et al (1940) who called it the Rincon Valley Granite. Drewes considers it 

younger than the Continental Granodiorite and older than the Wrong Mountain Quartz 

Monzonite. This rock crops out over a large area of the Rincon Valley north and 

northwest of Colossal Cave and presumably is the basement rock below the cave. 

Additional small windows of Rincon Valley Granodiorite surrounded by younger rocks 

occur south and east of the cave, on the far side of Posta Quemada Canyon.

Wrong Mountain Quartz Monzonite: This rock is described as a light-brownish

gray gneissic quartz monzonite at its type section on Wrong Mountain in the southern 

Rincons. It is presumed to be approximately the same age but slightly younger than 

the Continental Granodiorite, which it intrudes in places. This rock outcrops over 

large areas in the Rincon Mountains and is presumed to be the original basement rock 

beneath the Colossal Cave area prior to faulting. The total thickness is unknown.

Younger Precambrian; Apache Group

Pioneer Shale: Reddish-brown shale siltstone, and argillite, with the thin Scanlan 

Conglomerate member at the base. The estimated thickness is 100 meters.



Dripping Spring Formation: Banded light-colored and reddish-brown arkose,

siltstone and quartzite, with the thin round-pebble Barnes Conglomerate member at the 

base. The estimated thickness is 100 meters.

Diabase: Dark, greenish-gray, fine to coarse grained rock, mainly in sills. This

sequence of younger Precambrian Apache Group rocks is similar to that found in the 

Globe area. The diabase in that area has been dated at about 1100 million years and 

presumably is of similar age in the Colossal Cave area.

Troy Quaftzite(?): Drewes describes a light gray to light brownish gray

metaquartzite with a preserved thickness of less than 150 meters. Drewes tentatively 

assigned this unit to the Cambrian Period, but there is no recognized Cambrian 

formation at the appropriate stratigraphic position. If this formation is indeed 

Cambrian, the interval between its deposition and the Apache Group diabase represents 

the longest hiatus in the local geologic history, over 500 million years.

Paleozoic Era - Cambrian System

Bolsa Quartzite: A coarse grained, thick bedded quartzite with a basal

conglomerate of cobbles and pebbles. The Bolsa is found at many places in 

southeastern Arizona and is thought to represent the initial sediment in the thick 

sequence of shallow marine sediments characteristic of this area. Outcrops tentatively 

identified as Bolsa occur near the cave, and very probably occur at various places in 

the subsurface. The estimated thickness is 150 meters.

Abrigo Formation: "Brownish-gray to brown shale, sandstone, and quartzite, and 

light gray, thin bedded, partly bioclastic limestone and intraformational conglomerate."

10
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Estimated thickness 210 meters, according to Drewes. The Bolsa-Abrigo contact is said 

to be gradational according to Acker. The top of the Abrigo Formation is a 

distinctive, coarsely crystalline limestone, pink with inclusions of a green material. 

Acker included isolated outcrops of white quartzite in the Abrigo, and similar white 

quartzite are known to occur in the Abrigo at other localities.

Devonian System

Martin Formation: "Interbedded brown cherty dolomite, gray dolomitic fossiliferous 

limestone, and some sandstone. Disconformably overlies the Abrigo Formation. 

Estimated thickness less than 100 meters." Drewes’ geologic map shows Martin crops 

out less than 50 meters from the cave, in the small valley to the northwest.

Mississippian System

Escabrosa Limestone: "Medium-gray, thick to thin bedded cherty limestone."

Drewes terms the rock bioclastic, in part crinoidal, but at the cave almost no 

bioclastic component could be found, presumably because of low grade metamorphism. 

The Escabrosa is the host rock for much of Colossal Cave. The estimated thickness is 

190 meters but is probably much less at the cave because of faulting.

Pennsylvanian System

Horquilla Limestone: "Light pinkish-gray, fine grained, thin to thick-bedded

sparsely cherty limestone. Estimated thickness is 500 meters. It disconformably 

overlies the Escabrosa Limestone." Like the Martin formation, the Horquilla Limestone 

and younger formations occur in the vicinity of Colossal Cave but are not directly 

associated with it.
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Upper Pennsylvanian - Lower Permian Systems

Earp Formation: "Reddish-gray marlstone, siltstone, and shale, and pale brownish- 

gray limestone, and a thin bed of reddish-gray rounded chert pebble conglomerate." 

(The well-known "jelly-bean" conglomerate.) "The estimated preserved thickness is less 

than 200 meters." Because of difficulty in differentiating the Earp, Colina, and Epitaph 

formations, Acker utilized a formational classification first proposed by E. D. Wilson, 

the Andrada Formation, which includes all three of the above units.

Permian System

Colina Limestone: "Medium dark-gray, moderately thick bedded, slightly cherty

limestone. Estimated preserved thickness less than 100 meters."

Epitaph Dolomite: "Dark-gray, moderately thick-bedded, slightly cherty dolomite. 

Estimated thickness less than 200 meters."

Scherrer Formation: "Very light brownish-gray, fine grained quartzite and

sandstone, with some light gray dolomite. Estimated preserved thickness less than 

above 120 meters."

Concha Limestone: "Medium gray, fine grained, medium to thick bedded cherty 

limestone. Estimated preserved thickness about 70 meters."

The interval between deposition of the lower Permian Concha Limestone and the 

late Jurassic-early Cretaceous Glance Conglomerate represents hiatus of perhaps 120 

million years.

Mesozoic Era

Late Jurassic - Early Cretaceous System

Glance Conglomerate: The Glance Conglomerate is a pebble and cobble

conglomerate which marks the initial incursion of a transgressing sea. Both 

sedimentary and igneous rocks formed earlier in Mesozoic time all appear to be of



continental origin and do not occur in the Colossal Cave area. The Glance depositional 

environment is believed to be coastal and persisted for a long time; Drewes estimates 

the thickness as 150 meters.

Cretaceous sedimentary rocks, undifferentiated: This sequence includes unspecified 

members of the Bisbee group, the Willow Canyon formation (more than 800 meters 

thick), and the Shellenberger Canyon formation (less than 100 meters thick). The 

lithologies include conglomerate, sandstone, siltstone, shale, and some light gray 

limestone. These sediments represent the last marine sediments deposited in the 

Colossal Cave area.

Cenozoic Era

Tertiary system, Oligocene to Miocene Series

Pantano Formation: The. Pantano Formation has been subdivided by Drewes into 

two members with an estimated maximum thickness of 3500 meters.

Claystone member: finer grained clastic sediments, ranging from claystone to

sandstone.

Fanglomerate and conglomerate member, coarser grained sediment derived from 

local highlands.

Tertiary System, Oligocene Series(?)

Siliceous Breccia: This unit, first described by Acker in his thesis, is a breccia

composed of fragments of quartzite and limestone derived from the local formations 

and cemented by silica and hematite, both of which were apparently deposited from a 

low temperature hydrothermal solution. The red color is derived from the included 

hematite. This rock forms a prominent red cliff northeast of the cave and underlies a 

thinly covered scree slope extending from the cliff down to a small ravine running

13



southeastward to Posta Quemada Canyon. The breccia postdates some of the Pantano 

Formation and is apparently late Oligocene.

Tertiary System, Miocene Series

Nogales Formation: The Nogales formational name has been applied to a thick,

predominantly clastic sedimentary sequence occurring north and east of Nogales, 

Arizona (Simons, 1974). Drewes (1977) applied the designation to a sequence of 

Miocene clastic sediments along Agua Verde Creek in the southeastern part of the 

Rincon Valley Quadrangle. The formation consists of gravel, sand, and local fan 

deposits, of unspecified but probably variable thickness.

Quaternary system. Pleistocene and Holocene Series

These deposits consist of fan and terrace deposits, soils, slump and landslide 

deposits, and grus, locally derived and geologically recent.

Preparation of the Geologic Map

The surficial geology above Colossal Cave was mapped in a masters thesis by C. J. 

Acker (1958) at a scale of 57.6 meters per cm. (5760:1). Initial hopes that this map 

would be of some utility in the study of the cave were dashed when a geological 

reconnaissance of the area showed the map to be inadequate. It was obvious that an 

understanding of the local geology could only be achieved by careful, detailed mapping 

of both the surface and the subsurface stratigraphy and structure. Accordingly, work 

was begun in October 1982 on a new detailed geologic map of the surface above the 

cave. An aerial photograph of the surface immediately surrounding the cave, at a scale 

of 12 meters per cm. was found to be of limited utility; consequently, the surface 

geology was mapped with a 30 meter fiberglass tape, a hand-held sighting compass, and

14
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a clinometer, using the same techniques used in surveying the cave. The study area 

was a rectangle 343 meters long in the E-W direction by 274 meters wide in the N-S 

direction, approximately centered on the cave. The survey lines and the geologic 

relationships were sketched to scale on 21.6 by 27.9 cm. quadrille sheets at a scale 

factor of 6 meters per cm. (600:1). To enhance accuracy, the survey lines were tied 

into a multiply connected network wherever possible . The estimated maximum error 

of the geologic map, based on survey closures, is about equal to + or -  1 meter, 

sufficiently accurate for the purpose for which it was intended. Subsurface geology 

was plotted on the cave map, which was initially drafted at a scale of 1.2 meters per 

cm. (120:1 scale factor).

Two cave-associated features have been utilized as primary reference points for the 

geologic mapping. The first of these features, the Bandits’ Escape exit, has been 

precisely plotted on the cave map. The surface survey was begun at a station adjacent 

to the concrete plug, and the position of the plug was plotted on the surface map so 

that the two maps can be superimposed. This sealed entrance is close to the extreme 

southeastern extension of the cave. The second feature utilized is the shaft entrance 

which occurs at the extreme northwestern end of the cave. Another survey station 

was established at a convenient location near the shaft cover, and it too was 

accurately plotted on the surface map. The position of the shaft is also shown on the 

cave map, so that the two maps can be accurately aligned with respect to one another 

at this second position as well. These two primary stations were then connected by 

three separate, roughly parallel line surveys with a nominal east-west alignment, and 

the geology was mapped along these axes. The main (tourist) entrance of the cave is 

also tied in to the overland survey; this entrance, however, is in at one side of a large

covered area and is therefore somewhat less useful.
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During the course of the mapping, it became apparent that, despite many outcrops, 

contacts were often obscured by float and residuum, so that it was difficult to plot 

contacts in the field. Therefore, it was necessary during field mapping to plot actual 

outcrops with an appropriate color code, leaving non-outcrop areas blank. The position 

of the hidden contact was later established by drawing a line which best separated the 

outcrops into their respective areas. Structural relationships were similarly obscured. 

In a few cases it was possible to connect collinear fault traces over a covered interval 

with some confidence. Because of the scale factor, 6 meters per cm., the surface 

topography becomes significant, and the surface trace of inclined fault planes must be 

suitably offset to accommodate the change in elevation. In a number of cases, faults 

failed to appear on the far side of a covered interval; consequently, the conjectural 

fault traces beneath the covered interval were curved or were drawn to terminate 

against other faults, based on the most likely interpretation. Examination of faults in 

the subsurface revealed that.they could exhibit significant changes in strike and dip 

over distances of about one meter, so that some of the problems encountered in 

following surface fault traces could stem from such causes. Because of the 

discontinuous nature of the beds, it was not possible to determine whether beds at 

high dip angles were upright or overturned; therefore, all beds at high dip angles were 

portrayed as upright. It was assumed that beds at low dip angles were upright. The 

geologic map, based on these arbitrary assumptions, is shown in plate 1.

Stratigraphy at the Cave Site

The rocks at the cave site consist primarily of five different units with distinct 

and contrasting lithologies, which have been placed in close proximity by tectonic 

activity. Three of these lithologies are insoluble and poorly permeable; their presence 

has undoubtedly affected speleogenesis.



Escabrosa Limestone: The primary outcrop at the cave site is the Escabrosa

Limestone of Mississippian age, in which the cave has been developed. At the site, the 

rock is a medium gray, fine grained sparite with only a small percentage of impurities, 

which weathers to a light gray color. The major non-calcareous component is chert, 

which at the cave is quite sparse. The rock above the cave appears to have been 

mildly metamorphosed in places, and no fossils have been found in these outcrops. 

What is believed to be the basal bed of the Escabrosa occurs near the covered shaft, 

northeast of the access drive exit. At this locality the rock is a biosparite containing 

fossil fragments and oolites.

Occasional stringers of red material, resembling red silt, have been introduced 

along fault planes and into limestone breccia. The red coloration is derived from 

hematite, which is also found in thin dense coatings on fracture surfaces in the 

vicinity. Siliceous deposits, closely resembling the natural tan chert of the formation, 

are also found along fractures. These deposits do not exhibit the deeper red hematite 

coloration of the red siliceous breccia and may have been emplaced at a different time, 

or by weaker solutions.

Martin Formation: The Escabrosa Limestone conformably overlies the Martin

formation of Devonian age. Drewes (1977) describes the Martin as consisting of 

"interbedded brown cherty dolomite, gray doiomitic fossiliferous limestone, and some 

sandstone." His map shows a small outcrop of Martin lying principally north of the 

access road loop and northeast of the major fault running north northwest beneath the 

parking lot. This outcrop consists of a dark gray calcareous rock containing much 

dark gray chert. The chert often appears black but this appearance is a bulk effect; 

thin flakes range from light brown to tan. Near the major fault, the chert is lighter 

in color, possibly bleached by hydrothermal activity. On treatment with 10 percent
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HC1 solution, the calcareous component effervesced briefly. Treatment with ARS 

solution (Alizarin Red S), a quick test for calcite, produced only a faint pink color, 

implying that the tested sample is probably a dolomite. Only one small brachiopod 

with well developed plications was observed in these beds but could not be identified.

These dark gray, cherty beds crop out between the loop road and the bottom of 

the ravine, extending from the fault on the west to the vicinity of the sharp bend 

where the loop road leaves the parking lot. At this locality the dark beds contain a 

thick layer of dark gray chert which is in contact with a lighter gray, fossiliferous, 

oolitic limestone believed to be the basal bed of the Escabrosa Limestone. The upper 

dark rocks just below the presumed contact crop out as a ledge which extends 

northeastward to the bed of the small ravine northwest of the cave, through the ravine 

and back along the far side of the ravine to form a v-shaped outcrop. The apparent 

dip from near the loop road to the ravine is only one degree toward the northeast, but 

at least one known fault cuts through the contact.

In the opposite direction, if dip angles are maintained and no faults intervene, this 

contact passes beneath the loop road and under the parking lot, passing approximately 

through the hatch-covered opening at the top of the 10 meter shaft into the cave. 

Somewhere beneath the parking lot the contact intersects a steeply dipping fault, 

where it is offset in an unknown manner.

If the Martin Formation is continuous downward into the subsurface and if the low 

angle of dip is maintained, the Martin beds should crop out in the cave. What 

probably are exposures of Martin dolomite are encountered in several places in the rear 

of the Civil Defense Passage (location K-4), in the vicinity of the shaft. In these 

places, sections of the walls were blasted away in an apparent effort to widen tourist 

pathways during preparation of the cave for exhibition. The freshly fractured wall 

surfaces display a fine grained, very dark colored rock, similar to surface exposures of
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fresh Martin. Unfortunately, efforts to trace Martin exposures in the cave have been 

frustrated, either because walls are hidden by flowstone or because the cave walls 

subject to solutional activity have been altered so that the characteristic dark color is 

obscured.

Red Breccia: Acker’s "Siliceous Breccia" is encountered northeast and east of the 

Bandit’s Escape exit. This rock has a distinctive red color which contrasts sharply 

with the gray Escabrosa Limestone. Northeast of the exit, the outcrop follows a small 

ravine northwestward for a distance and then swings away to the north. The line of 

contact, if such exists, is difficult to follow since the limestone tends to be hidden 

under residuum and float of red siliceous breccia from higher on the hill northeast of 

the ravine. Also, in some areas, there is no sharp line of contact but rather a zone of 

limited width in which the limestone and red breccia are intermingled. Across the 

transition zone, the outcrop. ranges from red breccia with occasional small isolated 

blocks of limestone, through breccia with larger isolated blocks, through numerous 

blocks of limestone in a matrix of red breccia, to continuous limestone containing 

interstitial breccia, and finally to thin stringers of red breccia. To facilitate map 

placement of contacts where the contact is gradational, the line representing the 

contact was placed just beyond the last continuous limestone outcrops.

The red coloration is not restricted to the red quartzite breccia. A fine grained 

reddish material has been found filling joints, bedding planes, and fault fractures in 

the limestone. In some places, a mass of brecciated limestone cemented with red 

matrix material occurs in an otherwise normal limestone. There is some indication that 

the red matrix material was deposited from solution. In one case a small preexisting 

fissure in limestone was internally coated with a lining 3 to 4 millimeters thick of 

colorless quartz crystals, after which the remainder of the cavity was filled with the



fine grained, brick red material, which occurs as a matrix in the breccia in other 

localities.

The hematite which Acker reports to be a cementing agent in the red quartzite 

breccia does not appear to be especially prevalent in the immediate vicinity of the 

cave. Some hematite interstitial fracture filling has been noted in the red stained 

conglomerate beds southwest of the cave, and it occurs as a coating on the pebbles 

later incorporated into the quartzite breccia near the Bandits' Escape exit. The 

hematite has only been found as a primary cementing agent in the red quartzite 

breccia northeast of the cave. Here also are found veins containing both quartz and 

hematite, sequentially deposited.

Abrigo Formation: A roughly triangular outcrop area about 60 meters long by 40 

meters wide, only 15 meters southwest of the Bandit’s Escape entrance, was surrounded 

by limestone outcrops but relatively barren inside. The area did contain a few small 

limestone projections, but it also contained a number of white quartzite boulders and 

quartzite cemented by hematite. Principally because of the distinctive white quartzite, 

this small area has been tentatively identified as an outcrop of the Abrigo Formation 

of Cambrian Age. The white quartzite boulders are considered to be remnants of 

fractured quartzite beds and the areas barren of outcrops are considered to be formed 

on deformed shale beds of the Abrigo; the few limestone projections are thought to be 

fault slivers of the Esabrosa intermixed with the disarticulated Abrigo components.

Bolsa Quartzite: Excellent exposures of what is herein considered to be Bolsa

Quartzite occur in the road cuts on the access road loop, on the entering legs, 

southwest of a major fault. The rock at this location, a well indurated pebble 

conglomerate, is an extensively fractured but still coherent sequence of steeply dipping,
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readily apparent beds. There is some question as to the identification of this rock. 

Acker considered it to be an outcrop of his red siliceous breccia. Although the color 

is indeed red, probably from hematitic staining, the rock is definitely not brecciated. 

The exposed beds represent a fluvial depositional sequence, subsequently well cemented, 

and undisturbed except for tilting and fracturing as the result of fault proximity. 

Drewes includes the conglomerate in a larger outcrop area tentatively considered to be 

the claystone member of the Pantano formation. However, his brief lithologic 

description of the claystone member certainly seems to be at variance with the 

observed conglomerate. Drewes mentions "some intercalated sandstone conglomerate..." 

as an occasional and apparently subordinate component of the claystone member. He 

also uses the terminology "commonly unindurated to very weakly indurated..", whereas 

the beds in question are well indurated and constitute an apparently uninterrupted 

sequence at least 50 meters thick. The appearance of the presumed Bolsa outcrops is 

also different from other Pantano beds observed by this author, many of which tend to 

resemble geologically recent conglomerates and gravels. On this basis the conglomerate 

outcrops along the access road are presumed to be Bolsa Quartzite of Cambrian Age.

Pantano Formation: Acker identified two exposures of the Pantano; one was up 

Posta Quemada Canyon beyond the boundary of the county park in section 4 and the 

second was on the north side of the road leading to the picnic grounds, about 1/2 

kilometer south of the cave. At this second site, the Pantano outcrop was reportedly 

overlain by the red siliceous breccia. When I visited the site in 1987, 30 years after 

Acker, weathering had obscured the outcrop, almost hiding it completely. I did manage 

to find what presumably was Acker’s described outcrop behind a large rock which had 

slid down from above. The rock in question was a light greenish gray color in 

contrast to the purplish color Acker reported. Texturally, the rock is a litharenite 

composed of quartz, feldspar, and other lithic grains of sand size, well sorted but with
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various stages of roundness; the rock is crumbly and not well cemented. Larger clasts 

described by Acker were not observed, and those outcrops are probably covered by 

slumping.

The upper part of the road cut displays outcrops of a red conglomerate interbedded 

with red siltstone; the rock is a well lithified clastic sediment similar to that observed 

a short distance southwest of the cave and is apparently a part of the same formation. 

Like those beds, it cannot be considered part of the red siliceous breccia, as proposed 

by Acker. These clastic beds reportedly have overridden the Pantano beds, but at the 

present time that relationship is obscure.

Additional outcrops of what probably is the Claystone Member of the Pantano 

Formation are encountered nearby. Adjacent to the picnic area road, on the north 

shoulder near the El Bosquecito Picnic Area turnoff, is a light green sandstone. A 

short distance north of the road, in the sloping, eroded walls of an old excavation, are 

outcrops of what appear to .be the same light green sandstone. The sandstone is a 

litharenite containing a few small pebbles, with a greenish matrix containing scattered 

clasts of white, gray, red, maroon, green, brown, and black color, probably feldspar, 

colored cherts and mafic minerals. Also present are occasional pebble sized masses of 

green clay. This green sandstone overlies a maroon lithic sandstone containing thin 

interbeds of maroon clay. The contact between the different colored beds, even of the 

weathered outcrop, is marked by a distinctive color change. A short distance to the 

south, in the walls of a streamcourse draining the excavation, is an outcrop which 

weathers primarily to a bright yellow, but with smaller patches of different color. The 

outcrop is much weathered, but excavation with a pick revealed nodules of light green 

clay, as well as clay of other colors.

What appears to be another outcrop of the Pantano Formation occurs in the 

streambed of the ravine northwest of the cave, near the loop junction of the access
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road. This site is adjacent to the major fault which passes under the parking lot, with 

Bolsa Quartzite on the southwest side; upstream, the Martin dolomite lies along the 

northeast side of the fault. At this site, the dolomite is absent, and the Bolsa has 

been replaced by a pinkish sandstone, which resembles the presumed Pantano outcrop 

exposed north of the road leading to the picnic grounds. This rock is in part a well 

sorted, subangular litharenite containing quartz, biotite, chert, and other lithic clasts. 

The sandstone is thin bedded and contains thin (one to two centimeters) beds of a 

lighter color. These lighter beds are in general more finely granular than the 

sandstone but also contain larger occasional flakes of biotite. These lighter beds 

resemble tuffaceous, water lain sediments arising from volcanic sources. If this 

presumption of a tuffaceous composition is, valid, it is highly likely that these beds are 

indeed from the claystone member of the Pantano Formation.

Adjacent to and immediately above the pink sandstone beds is a thin sequence of 

moderately dipping beds of jsubangular conglomerate, in places cemented by caliche. 

The apparent angular unconformity between the conglomerate and the sandstone is 

probably the result of faulting. On the west side of the ravine is a small streamcourse 

draining the vicinity of the road junction; this small gully exposes a sequence of 

sediments including interbedded sandstones and conglomerates, some only moderately 

lithified. The textural characteristics of these beds and lack of pervasive silicification 

indicate that these beds are probably the Pantano Formation, and the entire outcrop 

area in the vicinity of the two streamcourses has been designated as Pantano.

The Conglomerate beds of the Pantano resemble some of the beds herein designated 

as Bolsa, but the relationship is unclear because of limited exposures. What may be a 

contact between the two conglomerates occurs in a roadcut on the ascending entry leg 

of the access road loop, near the loop junction.
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Quaternary System, Pleistocene Series

The terrace surface occurring near the loop junction in the cave access road 

extends across and up the northern side of the small ravine northwest of the cave. 

Near the junction the ravine is about 3 meters deep and exposes the bedrock lithology 

underlying this surface. On the west side, southwest of the fault, the Bolsa Quartzite 

comprises most of the outcrop, and the surface alluvium is at most about one meter 

deep. On the east side, the small Pantano outcrop extends less than one meter above 

the floor of the ravine; the remaining two meters is an exposure of unconsolidated silt, 

sand, gravel and cobbles comprising the terrace. One component of this alluvium 

consists of cobbles of red breccia, derived from outcrops near the head of the ravine, 

about 0.5 kilometer to the northeast. The presumed age of this terrace is Pleistocene.

Of all the other formations known in the area, no others are exposed close to the 

cave. The Rincon Valley Granodiorite is exposed at the base of Colossal Cave Ridge 

on 0.75 kilometers north of the cave but possibly does not underlie it. The 

granodiorite northwest of the cave occurs at about 3600 feel altitude, but is not 

exposed in Posta Quemada Canyon southeast of the cave, which is at least 20 meters 

lower.

III. STRUCTURAL GEOLOGY 

Bedding

Large scale folding is obvious in the limestone beds on the east side of Posta 

Quemada Canyon northeast of the cave site, and it seemed probable that such folding 

also occurred at the cave. However, as geologic mapping progressed, it was apparent 

that pervasive faulting was the dominant structural feature of the cave site. No 

evidence was found which would indicate large scale flexure within the study area. A
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paucity of bedding planes in the massively bedded limestone prevented the measurement 

of more than 39 strike and dip readings, six of which were associated with steeply 

dipping beds in the northwest part of the study area. The remaining 33 strike and dip 

readings exhibit a variation which appears to be non-systematic and which is not 

indicative of folding. If any large scale folding is present, the systematic component 

is masked by a larger random component. In summary, beds directly above the cave 

and immediately northeast of the cave are extensively faulted and exhibit randomly 

oriented, moderately large dips, ranging from as little as 3 to as much as 80 degrees. 

A plot of bedding plane poles is shown in Figure 4.

In contrast, beds cropping out along the slopes southeast of the ravine north and 

northwest of the cave generally display a low angle of dip estimated to be a few 

degrees at most. Well displayed beds in the hillslopes immediately north of the ravine 

are nominally flat lying and display only a slight dip. A sighting toward the northeast, 

taken along what is considered to be the Martin-Escabrosa contact, showed a dip 

component to the northeast of only 1 degree, but an intervening fault may have offset 

the beds to produce a false reading.

This fault appears to split at a point on the hill, so that, at the contact, the 

intervening block is apparently a small horst; the contact appears to continue beyond 

the horst at approximately the same attitude. A dip angle measured in the bed of the 

ravine about 75 meters northeast of the access road exit is 10 degrees toward the 

northeast. This dip angle appears to be anomalously high compared to the almost flat 

attitude of the beds bordering the ravine downstream; this measured dip probably 

occurs near a fault. Other beds on the north side of the ravine have a uniform dip of 

about 5 degrees. In any event, these nominally horizontal beds on the northwest are 

in sharp contrast to the more steeply dipping beds above the cave.



note: 39 poles shown

Figure 4 - Stereographic Projection of Bedding Plane Poles
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One apparent case of large scale folding is indicated by three progressively 

increasing dips and a fourth slightly smaller dip. This site is west of the cave where 

the loop road crosses a northwestward trending fault between conglomerate and 

limestone. The dip angles are larger than normally observed and increase from 61 to 

84 degrees toward the northwest. This set of dips is interpreted as indicating possible 

large scale folding. The additional large dip angles occurring in the ravine northwest 

of the cave on limestone are also anomalously high and are considered to be near a 

fault.

Joints

Joints are prevalent in the Colossal Cave area because of pervasive faulting. 

Joints are gradational into faults on the one hand, and into fractures on the other. In 

general, the term joint in this study is reserved for planar or quasi-planar fractures 

longer than about 0.5 meter, upon which no lateral (parallel to the plane) displacement 

has taken place. In contrast, the term fracture is in general applied to shorter, non- 

planar features which may branch in a third dimension. The alignment of joints with 

respect to the generally obscure bedding is usually impossible to define. The 

orientation of joints may range from near vertical to near horizontal. What appear to 

be less steeply inclined joints may actually be bedding planes, but an almost 

homogeneous lithology prevents an exact assessment in most cases.

Many joints have been widened to openings as large as 5 to 6 millimeters, 

presumably by faulting, and subsequently (in most cases) have been filled or partially 

filled by silica of a cream, buff, or pink color. In some cases the entire opening is 

filled with a single continuous deposit, but in many cases the silica was deposited as 

thin coverings on the opposing wall, resulting in two thin silica layers one to two 

millimeters thick, separated by a space of comparable thickness. These layers, which



upon weathering protrude as twin septa, reveal at once their true nature and readily 

distinguish them from more conventional chert deposits, which they resemble 

superficially.

A few joints unfilled with silica are also found on the surface. In many case they 

have been widened by weathering, disguising their true nature. These joints probably 

postdate the late Oligocene faulting and may be Basin and Range age features.

Joints are also apparent in the cave, where the prevalence of clean exposures and 

solutional enlargement along the joints render them highly visible. They are often 

found in solutional niches, where a central joint trace can be found on the rear side 

of the niche. They may also have been the planar feature upon which a slightly 

converging fissure has developed, but the terminus of such fissures are often too 

narrow and too remote to be observed at close hand.

Faults

Structural relationships visible at the surface in the study area permitted the use 

of several criteria to identify faults, including:

1. Presence of slickensides

2. Offset displacement of marker beds

3. Non-concordant lithologies in contact

4. Brecciation and fracture zones

5. Large differences in dip and strike over a small interval

6. Secondary effects, such as linear alignment of vegetation, linear ravine traces, 

etc.

Use of these criteria permitted the identification of about 68 surface fault 

segments. The observed faults were mostly high angle, ranging between 60 and 90 

degrees. In many cases, it was impossible to determine the direction of motion. In 

most cases where slickensides are present, they are either perpendicular to the strike
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or steeply dipping, indicating high angle reverse or normal faulting. In a few cases, 

the slickensides dip at low angles ranging from zero to 33 degrees, indicating lateral 

faulting. In three cases, the dip of the fault is moderate, ranging from 40 to 45 

degrees. Of these three, two exhibit low angle slickensides and thus would be

considered lateral faults. The one remaining fault had no distinguishable slickensides 

and thus its relative direction of motion is unknown; no low angle faults were 

observed. A thrust fault postulated by Acker and shown on his map to cross my study 

area north of the cave was not found, despite a diligent search. No thrust fault is 

shown here by Drewes, but it would be difficult to show at his map scale factor 

(1:48,000). The poles of the 56 measured faults have been plotted in Figure 5.

In only a few of the faults in this study area do marker beds and satisfactory 

exposures even permit an estimation of relative vertical displacement. The major 

number of these favorable sites occur in the face of the low cliff on the northeast 

side of the private access drive above the cave, at these sites, the apparent vertical 

displacement is on the order of centimeters. Such small faults would be normally be 

considered insignificant, but they are significant to this study. A fault with 

appreciable displacement occurs north of the streamcourse northwest of the cave. 

Here, on the basis of a zone of cherty beds, the vertical displacement appears to be 

about 10 meters. Although this fault is not well exposed, its strike is defined by the 

non-concordance of the beds adjoining it, which dip at different angles.

A major fault with significant displacement occurs south of the cave and 

apparently passes close to the primary entrance. The large displacement on this fault 

is indicated by the juxtaposition of Escabrosa Limestone against conglomerate beds of 

the Bolsa Quartzite. The total displacement across the fault includes probably 

underlying beds of the Escabrosa, all of the Martin formation, all of the Abrigo 

formation, and possible overlying beds of the Bolsa. Acker estimates minimum
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note: 68 poles shown

Figure 5 - Stereographic Projection of Fault Poles
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thicknesses of 32 meters for the Abrigo and 15 meters for the Martin, based on poorly 

exposed, much faulted outcrops; thus the minimum displacement along this fault is at 

least 47 meters, neglecting both underlying Escabrosa and overlying Bolsa beds. The 

true total displacement on this fault when the unknown thickness of all four 

formations is included may be closer to 100 meters.

An apparent horst block occurs on the south side of the above fault just south of 

the cave, based on scattered outcrops of Escabrosa Limestone within the postulated 

block boundaries. At the north margin of the block, along the axis of the major fault, 

Escabrosa Limestone is in contact on both sides of the fault, so that displacement is 

much less on this segment of the fault. That this horst is not simply a large offset in 

the major fault is indicated by a distinct fault in the streambed of the small wash at 

the southern vertex of the roughly triangular horst block. As with the major fault, 

displacement of the faults bounding the horst is unknown but must be at least 47 

meters, and probably more. The horst is about 90 meters long.

A similar feature, although somewhat smaller, occurs just east of the loop at the 

east end of the private access drive. Here, what appears to be much disturbed 

remnants of the Abrigo Formation lie within a triangular boundary of Escabrosa 

Limestone. If the interpretation is correct this block is a horst with a displacement of 

at least 15 meters. The complexity of this "block" is demonstrated by a thin sliver of 

limestone in its eastern half and a somewhat curved bed of breccia only a few meters 

away. This presumed horst block is about 60 meters long. What may be a 

disconnected fragment of this horst is found a short distance to the east, where 

fragments of presumed Abrigo Quartzite occur within a small limited area. The exact 

configuration of this "outlier" is impossible to define with precision. A more readily 

definable area lies immediately adjacent to the outlier, where a linear wedge of red 

breccia lies surrounded by rocks of a different lithology, primarily by limestone but
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also by the presumed Abrigo outlier. One end of this linear wedge approaches to 

within 15 meters of the cave at the Bandit’s Escape.

The Escabrosa Limestone containing the cave is confined primarily to a wedge- 

shaped area delimited by faults on both the south and northeast sides. The southern 

fault is the major fault where Bolsa Quartzite lies in contact with the limestone. The 

northeast fault is more complex, some parts occurring where the limestone grades into 

Acker’s red siliceous breccia. Because of the gradational transition, the fault is more 

properly a fault zone along some of its length. During the initial time of its genesis, 

limestone lying northeast of the zone was either faulted away completely or brecciated 

and incorporated into the developing red breccia. Limestone lying along the zone was 

fractured, with some disarticulated fragments incorporated into the margin of the red 

breccia; in other places, the red breccia was forced into fractures penetrating 

otherwise undisturbed limestone. After the silicified breccia had hardened, further 

displacement produced additional fracturing. Hematite was deposited in the fractures 

by iron rich water. After deposition of the interstitial hematite, further displacement 

produced slickensides on the hematite covered surfaces.

A short segment of the fault zone northeast of the cave actually appears to be a 

single fault, where solidified red breccia was displaced against limestone. At two 

places separated by short covered intervals, the red siliceous breccia appears to in 

fault contact with limestone. In another place a planar fault surface has been exposed 

on a block of red breccia. The breccia could be a float block, but the surface strike 

is collinear with a fracture in limestone a short distance away. These short fault 

segments are aligned in the same direction and essentially collinear, so that they 

appear to be part of a single fault which is the linear extension of the more complex

fault zone.
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The occurrence of a small outcrop of the Pantano Formation in the northwestern 

comer of the study area is rather surprising. Comparison of relative altitudes reveals 

that this outcrop may be a small horst, or perhaps only a fault sliver. This site 

occurs at the presumed intersection of the major fault extending beneath the parking 

lot and a second fault exposed near the stream course about 35 meters upstream.

More extensive outcrops presumed to be the Pantano Formation occur south of the 

cave along the picnic ground road. Based solely on larger outcrop area, these beds are 

thought to be part of the original autochthon. Assuming that these sediments are 

nominally flat lying and that faulting has penetrated only the overriding allochton 

(both dubious assumptions), a rough idea of the remaining carapace thickness at the 

cave sit can be obtained from differential altitudes. The Pantano outcrops occur at an 

approximate altitude of 1060 meters, so that if the assumptions are valid, the total 

carapace thickness at the cave is about 60 meters.

Subsurface Faults

In the subsurface, faults are exposed on the interior cave surfaces. Because of the 

general absence of weathering, rock surfaces are often well exposed and structural 

relationships are usually clear. Such features are obscured only by the deposition of 

flowstone which covers a minor percentage of exposed surfaces or sand/silt residuum 

which covers floors in the lower parts of the cave. Commercial trails have added only 

a very small way to covered area. Inasmuch as all the faults are inclined at relatively 

high angles, fault traces which would be exposed in the floor if unobscured are also 

visible in nearby wall surfaces.

Despite the good exposures, the criteria used for determining the presence of 

faults is somewhat more limited than for the surface as listed below

1. Presence of slickensides
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2. Brecciation

3. Red fracture fills, in conjunction with other indicators.

The first structural feature observed on entering the cave occurs at the foot of 

the entrance stairway, where the tourist trail turns right, about 40 feet from the 

entrance. Here a slickensided surface dipping at a steep angle descends from a ledge 

above the trail and forms a partial wall to the right. At the turn, the slickensided 

surface turns about 45 degrees, so that the fault plane is curvilinear, somewhat like 

part of a cylinder, with the striations parallel to the inclined axis of the cylinder. 

Unfortunately, this distinctive and well defined fault surface projects upward to a 

covered area on the surface where it cannot be observed. A few other faults, 

however, can be projected to coincide with faults observed at the surface. One such 

fault is exposed in the eastern roadcut at the north end of the parking lot. The 

subsurface expression of this same fault occurs at the tour route turnaround near the 

shaft, at the northwestern end of the cave, where it is well exposed. The horizontal 

displacement of the fault plane, calculated from the cave-to-surface vertical distance 

and the fault plane dip angle, makes the subsurface position coincident with the 

surface position.

The longest fault known in the cave occurs in the Hall of Adventure (coordinates 

F7 to B6). This fault follows an almost perfectly straight course for 45 meters, at an 

approximate angle of N10E. The fault is inaccessible over most of its length, but its 

trace is readily visible in the high ceiling; the dip was measured where the fault 

entered the wall at the northern terminus of this passage. Other faults occur in both 

upper and lower passages of a vertically stacked pair, or in adjacent rooms on the 

same level separated by an intervening rock wall. The fault with the shallowest dip is 

about 30 degrees, where a more steeply dipping fault changes attitude as it descends.
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IV. PHYSIOGRAPHY

Southeastern Arizona has a semi-arid climate with about 25 centimeters of rainfall 

per year. As a result, terraces formed along streamcourses by subsequent erosional 

dissection of former floodplains often are sharply truncated and readily identifiable. 

One prominent terrace occurs 10 kilometers northwest of the cave along Rincon Creek; 

the terrace is readily visible from Old Spanish Trail, the primary access route. This 

terrace surface, 20 to 25 meters above the present floodplain, stands at an altitude of 

about 915 meters at that locality. This same terrace can be found downstream along 

Pantano Wash, where it forms high banks bordering the stream and can be traced 

upstream to the vicinity of the cave.

Toward the southeast. Old Spanish Trail veers away from Rincon Creek and rises 

as it ascends Rincon Valley, a structural plain with a gradient of 20 meters per 

kilometer towards the northwest. The plain rises to an altitude of 1100 meters at the 

base of the hill containing the cave. The plain is covered with a thin veneer of 

alluvium and soil. These surficial deposits change in color from tan to red approaching 

the cave, perhaps implying an older age to the more proximal soils. The rising 

terraces can by followed along Pantano Wash southeastward for about 10 kilometers to 

the confluence where Agua Verde Creek joins Pantano Wash; at this point the terraces 

stand at about 1000 meters. Upstream (southeastward) along Agua Verde Creek, the 

terraces progressively rise, reaching an altitude of 1035 meters only 1.5 kilometers 

above the confluence. Beyond this point, along Agua Verde Creek and its tributary, 

Posta Quemada Creek, the stream courses are developed in narrower canyons in 

mountainous country, and the prominent terraces disappear. What may be terraces or 

terrace remnants occur near the Posta Quemada-Agua Verde confluence about one

kilometer downstream from the cave at an altitude of 1060 meters.
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Cross sections of the Rincon Creek terrace are exposed at several accessible 

localities. At these sites the terrace is composed principally of tan silt, interbedded 

with generally light colored subangular clasts of cobble size and/or gravel. No 

appreciable clay was observed in the B horizon. In contrast, terraces along the Santa 

Cruz River northwest of Tucson, of probable late Pleistocene age, have a well 

developed red clay in the B horizon. It thus appears that the Rincon Creek terraces 

are relatively young, no later than latest Pleistocene, probably no older than Wisconsin 

Stage.

A small terrace occurs about 1.5 kilometers east - southeast of the cave, in the 

center SW 1/4, NW 1/4, sec 9, T16S, R17E, at an approximate altitude of 1088 meters. 

This site is near the western border of the Rincon Peak 7 1/2 minute quadrangle. At 

this site, a sloping terrace of predominantly limestone clasts about 2.5 to 3 meters 

thick lies over Rincon Valley Granodiorite. The granodiorite is exposed in the bed of 

a small streamcourse which has partially dissected the terrace. No limestone bedrock 

is exposed, so the limestone clasts composing the terrace have been transported to the 

site. The subangular texture of the clasts and the presence of limestone hills in the 

vicinity indicates that the clasts are locally derived and transported a short distance.

Less than 1/2 kilometer west of this terrace is a pediment surface at the base of a 

large hill of limestone. A small ravine has cut a gorge adjacent to this site, revealing 

a complex underlying structure and showing that the clastic limestone surface is only a 

thin veneer over the bedrock. The pediment, which stands slightly higher than the 

terrace, extends a short distance to the base of the limestone hill, where it terminates. 

This surface must have at one time projected out into the valley and been contiguous 

with the terrace surface, but subsequent erosion has separated the two surfaces.

Another terrace surface is found northwest of the cave, just below the junction 

where the cave access road splits to form a loop, about at center SW 1/4, SW 1/4, sec
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5, T16S, R17E. This surface is sloping up toward the small ridge which has been 

flattened to form a parking lot. The clasts on this surface, which consist principally 

of carbonates, rest on siliceous conglomerate. On the east side of the ravine, erosion 

has exposed this terrace in cross section, where it is about 2 meters thick.This terrace 

lobe extends eastward up the canyon for at least 60 meters. The altitude of this 

surface is about 1100 meters.

A third terrace occurs in the valley southwest of the cave, just north of the 

picnic area road and adjacent to the excavated depression (clay pit?). This terrace 

terminates on rising slopes a short distance south of the southern boundary of the 

study area. This terrace is covered with clasts of many different lithologies of local 

origin, and appears to be about one meter thick in the vicinity of the excavation.

The small terraces and the two pediment surfaces all occur at about the same 

altitude, despite the fact that they occur in two different drainage systems. Judging 

from their positions, these surfaces represent the projection of the prominent terrace 

back to the cave site. At its highest possible altitude, this surface is still 5 to 10 

meters below the lowest known passages in the cave. Thus, its dissection could have 

only marginally affected cave development. There is no known trace of a higher 

inferred terrace. However, a small cave in Posta Quemada Canyon near Colossal Cave 

and at about the same altitude contains appreciable quantities of red clay.

The clay conceivably could be a component of the limestone which was released by 

subsurface dissolution of large volumes of host rock, but there is no evidence that the 

local rocks contain any appreciable quantity of such fine grained impurities. The clay 

probably was derived from surface weathering of appropriate precursor rocks. The clay 

was brought into the cave by ground water, probably a continuation of the same flow 

that caused its prior solutional development. The ground water was moving from a 

catchment area to a resurgence at a somewhat lower elevation. Inasmuch as the cave
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was at least partially water-filled during clay deposition, the catchment source had to 

be at least as high or higher than the cave. At the present time there is no 

identifiable remnant of a suitable catchment area. However a s=deep alluvial fill in 

Posta Quemada Canyon could have served as a catchment area and the source of the 

red clay. Such a fill would contain an appreciable percentage of igneous rock clasts 

derived from upstream sources, which would subsequently weather to form the 

aluminosilicate clays.

V. GEOLOGIC HISTORY

The geologic setting of Colossal Cave is the result of both its depositional history 

which created the sequence of local rocks and the tectonic disturbances imposed on 

those rocks prior to cave development. The final stage of activity consisted of 

erosional sculpting of these disturbed sedimentary rocks. A complete understanding of 

the cave’s genesis cannot be achieved until this history, particularly the tectonic 

aspect, is understood in its entirety. In this context, it is evident that the genesis of 

Colossal Cave is unusual and perhaps unique.

The initial event in the history of this area was the deposition of the Pinal Schist 

sediments, beginning about 1700 million years ago (the older Precambrian of Arizona). 

These deposits were later intruded by igneous rock during the Mazatzal Orogeny, 

including the Rincon Valley Granodiorite, which has a radiometric age of 1500 million 

years (Drewes, 1977). Additional intrusives believed by Drewes to be roughly of the 

same age are the Continental Granodiorite and the Wrong Mountain Quartz Monzonite 

(named by Drewes). These intrusives comprise the basement rock for the Colossal Cave 

area and had an important bearing on the deformation and metamorphism which

affected the local rocks.
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Following the igneous intrusions and metamorphism, sediments of the Precambrian 

Apache Group were emplaced, including the Pioneer Shale, Dripping Spring Formation 

with its basal Barnes Conglomerate, and sills of diabase. After a long hiatus, Apache 

Group rocks were overlain by Paleozoic sediments, including those rocks outcropping at 

the cave site today. Although deposition was not continuous during Paleozoic time, 

most periods are represented, except for the Ordovician and Silurian Periods. At the 

end of Paleozoic time, following deposition of Permian limestones, the setting changed 

from marine to non-marine. During earlier Mesozoic time, continental deposition 

ensued, and there was a recurrence of igneous activity resulting from subduction along 

the western continental margin. In later Jurassic time, following emplacement of the 

Glance volcanic member, there was a return to coastal/shallow marine conditions on 

the margin of the Pedregosa Embayment, and the Glance Conglomerate was deposited, 

followed by other Cretaceous sediments. The Colossal Cave area was near the 

northwestern extremity of this embayment; as a result the sedimentary record here is 

much thinner here than it is to the southeast, and there is no trace of the Mural 

Limestone which occurs there. There are at present no Cretaceous sediments at the 

cave site; it is probable that they were present at one time but removed by subsequent 

erosion.

In late Cretaceous time, upwarp closed the Pedregosa Basin and a period of 

tectonism and igneous activity, which is known as the Laramide Orogeny, began to be 

manifest. It is now believed that the Laramide Orogeny was associated with a change 

in the velocity of subduction along the western continental margin and a significant 

reduction in the angle of the Benioff zone, the interface between the continental 

margin and the subducting plate. The effects first became manifest near the 

continental margin in California. Subsequently, a wave of igneous activity swept 

eastward, entering Arizona about 80 million years ago. This activity swept across the
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state and entered New Mexico to halfway across that state, almost 1000 kilometers 

inland (Coney and Reynolds, 1977). During the orogeny a number of stocks were 

emplaced in Arizona, including most of the low grade porphyry-copper stocks and the 

Wilderness Granite in the Santa Catalina Mountains. Igneous activity associated with 

the Laramide Orogeny diminished and eventually ceased in the Tucson area about 50 

million years ago, although it lasted longer in the eastern part of the state and New 

Mexico.

The Laramide Orogeny was followed in the Tucson area by a long period of 

quiescence. During early Oligocene time, a sequence of sediments collectively termed 

the Pantano Formation began to be deposited. The period of igneous quiescence lasted 

until late Eocene/early Oligocene time, when rhyolitic igneous activity began to become 

evident. Rhyolitic tuff dated at 33 M. Y. and 37M. Y. was found at a site 8 kilometers 

south of the cave. Similar tuff is interbedded with clastic sediments in the Pantano 

Formation. This renewed igneous activity was the precursor of a second wave of 

igneous activity that swept westward from New Mexico through Arizona. This second 

wave, however, had a fundamentally different origin from the first wave of the 

Laramide Orogeny. This second wave occurred because the subducted oceanic plate was 

heating, causing magma to rise toward the surface of the earth, with oceanic water 

acting as a fluxing agent. The rhyolitic and (later) andesitic composition of the magna 

indicate that the magma was derived from continental rock. This second wave of 

igneous activity has been termed the Mid-Tertiary Disturbance. It was not a true 

orogeny because the strong compressive tectonism associated with the Laramide 

Orogeny was not present.

Large rising bodies of magma associated with the Mid-Tertiary Disturbance caused 

widespread metamorphism of the country rock, forming the bodies known as the 

metamorphic core complexes (Rehrig and Reynolds, 1986). The magma bodies of these
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complexes did not reach the surface but did cause a doming of the rock above them. 

Cracking of the brittle carapace rocks permitted ground water to penetrate to or close 

to the bodies of magma, eventually cooling them. In the Rincon Mountains, radiometric 

dates of 24 to 25 million years in the Wrong Mountain Quartz Monzonite indicate re

cooling during late Oligocene time.

During the initial uparching of the Rincon gneiss dome, the limestone which now 

contains Colossal Cave was on the flanks of the rising dome. The basal layers of the 

once flat lying rocks were now tilted to match the contours of the dome, and those on 

the sides of the dome were thus tilted downhill. Furthermore, the rock was saturated 

with hot ground water and the hydrostatic pressure at depth reduced the gravitational 

pressure normal to the beds. Thus the frictional forces acting along the beds were 

correspondingly reduced, and gravitational instability ensued; eventually large pieces of 

the carapace rock broke away and slid down the side of the dome to a lower elevation, 

possibly in a sequence of intermittent motions (Kehle, 1970). Parts of weaker beds, 

such as the Abrigo shale, as well as components of more competent beds were ground 

up and mixed with ground water, forming and lubricating slurry under the sliding
A

carapace, which moved down the dome virtually intact. The carapace slid down to the 

base of the dome, and there came to rest in a sub-horizontal attitude, partially 

overriding younger sediments of the Pantano Formation. This detachment and gravity 

slide faulting of the carapace rocks probably occurred at the end of Oligocene time, 

about 24 million years ago.

The carapace consisted of the entire Paleozoic sequence, plus the Precambrian 

Apache Group rocks, and all of these rocks were involved in the displacement. There 

is no evidence that the carapace included any Cretaceous rocks, though these younger 

rocks could have been obliterated by erosion. The carapace initially began to slide on 

the Wrong Mountain Quartz Monzonite and is now resting, at least in part, on Rincon
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Valley Granodiorite. Paleozoic rocks and a small area of Apache Group rocks total 

about 20 square kilometers in area. It appears that this entire area, now extensively 

faulted, was displaced as a single plate or perhaps two large plates of unequal size. 

The lubricating slurry at the base of the plate, consisting of pulverized rock and fault 

breccia mixed with siliceous, hematite bearing water, was preserved in a few places as 

masses of siliceous breccia. The relationship of these components is depicted in plate 

1.

Some time later, probably during early Miocene time, the continental margin began 

to override the Pacific spreading center. Spreading ceased in the overridden part of 

the center. Relative motion along the overridden section had to be accommodated, and 

a lateral fault, the ancestral San Andreas Fault, was formed. Stresses, which prior to 

this time had been compressive, changed to shear stress along the fault, which became 

progressively longer as more of the spreading center was overridden. Ultimately the 

crust over a large area of the southwestern and western United States was placed in 

tension. The tensional stress produced normal faults and listric normal faults, breaking 

the crust into large blocks. While the plastic aesthenosphere stretched, the crustal 

blocks moved with respect to one another with some blocks sinking, and others rising 

and/or tilting, producing the Basin and Range topography typical of parts of the 

western and southwestern United States. Beds of the Pantano Formation, deposited 

prior to Basin and Range time, were subsequently tilted by Basin and Range 

displacements. The relative motion of the crustal blocks, which continued up to mid- 

Pleistocene time, set the stage for speleogenesis.

Alluvial surfaces, formed during periods of tectonic and climatic stability during 

Pliocene time, were dissected to form terraces during tectonic and climatic disturbances 

in late Pliocene and Pleistocene time. In a series of successive periods of stability and 

instability, older terraces were wholly or partially obliterated and younger terraces
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were formed. It was during one or more periods of stability that Colossal Cave was 

formed, when there was an adequate supply of ground water with a suitable hydraulic 

gradient for a time sufficient to cause cave development.

VI. CAVE MORPHOLOGY AND DESCRIPTION

Colossal Cave occurs at the end of a ridge formed between Posta Quemada Canyon 

on the southeast and the relatively flat Rincon Valley to the northwest. Erosional 

remnants of the ridge occur as isolated hills to the southwest. Toward the northeast, 

the ridge widens and ascends into the Rincon Mountains. The cave entrance, at an 

approximate altitude of 1122 meters, occurs about 36 meters above the floor of Posta 

Quemada Canyon and 24 meters above the adjacent floor of Rincon Valley, which slopes 

toward the northwest. Rincon Peak, about 12 kilometers to the northeast, has an 

altitude of 2586 meters, 1464 meters higher than the cave. The mountain slopes 

southwest of Rincon Peak are drained in part by Posta Quemada Canyon, which 

provides the primary drainage for the cave area. Minor surficial drainage is directed 

westward out to Rincon Valley via a ravine north of the cave.

The cave is, or has been entered through several entrances around the periphery 

of the cave. The primary tourist entrance occurs at the base of a low cliff, at the 

edge of a constructed platform bearing tourist facilities. The far edge of the platform, 

18 meters from the cave entrance, is supported by a rock wall about 3.5 meters high, 

standing on the natural hillside; the vertical differential indicates the natural slope 

prior to the construction of the platform and rock wall. The primary entrance has 

been artificially enlarged for the convenience of tourists. These instrusives comprise 

the basement rock for the Colossal Cave area and had an important bearing on the 

deformation and metamorphism which affected the local rocks.
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The cave is essentially horizontal, extending about 190 meters between the shaft 

on the northwest and the Bandits’ Escape exit on the southwest. At its widest part, 

the cave is somewhat under 120 meters wide. (Refer to the map, figure 6). Its 

pattern can best be described as an irregular maze. Despite it’s nominally horizontal 

development, the cave does have a limited vertical development, extending over about 

20 meters. At no point does any part of the cave extend over this entire range; the 

maximum vertical development at any single location generally does not exceed about 

half of the maximum range, roughly about 10 meters. In some cases, passage cross 

sections may remain relatively constant for appreciable distance, while in other cases 

the passage dimensions change abruptly both vertically and horizontally over short 

distances. Passage enlargement at different altitudes may locally invoke the concept of 

cave "levels," but there are no specific levels maintained throughout the cave. Passage 

segments between junctions may be nominally linear, a sequence of linear segments, or 

irregular. In overall plan view, the cave exhibits an angularity which would normally 

be considered indicative of joint control of passage alignment.

In many places the cave consists of conventional "rooms" and "passages," that is, 

cavernous voids which exhibit definable walls. In other places, the definitive walls are 

lacking, being instead partial walls which do not extend completely from floor to 

ceiling, or discontinuous partitions with gaps along their length. These partitions need 

not be vertical or even of uniform thickness, and in many cases they are not. On 

occasion, what appears at first to be a flowstone covered wall is on further inspection 

discovered to be merely a curtain of speleothems. Thus, definition of the cave 

morphology is sometimes difficult. The problem is complicated even more by the 

commercial trail building, in which fissures and chasms have been bridged, thus hiding 

the underlying features. It is, however, usually possible to reach vantage points from 

which the true, original cave surface can by observed.
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The known extremities of the cave on both the northwest and southeast ends 

appear to have been caused by hillsides intersecting the cave passages. On the 

northwest, a collapse zone is found at one side of the shaft and talus infiltration 

occurs in several places nearby. In the streambed of the ravine northwest of the cave, 

about 55 meters northwest of known cave passage, is a narrow patch of obvious 

flowstone. The concentric banding of two truncated stalagmites is superimposed on the 

nominally level flowstone, and the whole surface has been roughly polished by stream 

sediments. The evidence is unmistakable: this site was at one time a small cave 

passage. The proximity of this site to Colossal Cave and its elevation, approximately 

concordant with passages in the northwestern extremity of the cave, indicate that the 

now demolished cavity was probably a northwestward continuation of the main cave.

On the southeast side, there are numerous talus infiltrations into the cave, which 

is closer to the surface here than on the northwest end. On the surface, a number 

of solution cavities of cavernous dimensions can be observed. It seems likely that 

removal of talus and solutionally weakened collapse would reveal the intersection of 

cave passages by the slowly degrading surface. It appears likely that both ends of the 

cave as well as passages extending out to entrances on the southwest have been 

truncated by hillslope retreat.

At the time of this writing, approximately 1440 meters of the cave has been 

surveyed during the latest effort (from 1982 to 1987). This total length represents the 

summation of the horizontal components of all non-redundant survey lines. The 

detailed map, shown in plate 2, represents approximately half of the known cave. A 

reduced composite map, consisting of a reduction of Plate 2 combined with part of the 

old UAAC map, is shown in Figure 6.
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iThis map is the same as Plate 3, reduced to a scale of approximately 12 
meters per cm., and is included to show the overall pattern of the cave

Figure 6 - Plan View of Colossal Cave
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VH. SPELEOGENESIS 

Phreatic Versus Vadose Processes

Colossal Cave has been developed primarily through solutional processes. A 

majority of rock surfaces exhibit the smoothly convoluted form associated with 

solutional removal of the overlying rock. At least two speleogens, blind cavities and 

continuous rock spans across passages, indicate phreatic solutional enlargement as 

contrasted to vadose activity, according to Bretz (1956). In addition, three 

morphological features listed by Bretz as diagnostic for phreatic activity are found in 

Colossal Cave: joint-determined wall and ceiling cavities, continuous rock spans across 

cave chambers, and network patterns. Many delicate projections, such as thin boxwork 

blades, probably could not withstand the pressure or abrasion of sediment laden water.

On the other hand, there is little evidence of vadose activity in the cave. None 

of the five criteria listed by Bretz as indicative of a free surface cave stream has been 

found in the cave. There are few known examples of stream deposited clastic 

sediments of sand size or larger. Deposits of bedded silt in the River Passage may 

indicate a slow moving stream, or they could be the result of seasonal influxes of dirty 

water from surface runoff. Unbedded fine clastic sediment at the base of the Boxwork 

Grotto (location E-7) appear to be more characteristic of standing pools. There is 

actually relatively little clastic sediment in the cave, and most of that is silt sized. 

Some finely granular material of silt size is actually granulated limestone locally 

derived from highly fractured wall rock. Larger brecciated fragments also result from 

this process, but their obvious angularity clearly indicates their source. The major 

amount of valid clastic sediment in the cave appears to have been brought in from the 

surface during wet weather, although some appears to be eolian.
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Depth of Solutional Activity

The limited vertical development of Colossal Cave, only 20 meters in an 

approximate length of 200 meters, is believed to be significant as it implies that 

solutional activity was confined to a limited horizon. The presence of the highly 

faulted limestone displaying a multiplicity of bedding plane attitudes precludes geologic 

structure as being a controlling factor in this horizontal!ty. The evidence thus points 

to a shallow phreatic origin occurring beneath a nominally horizontal water table. The 

concept of a water table (piezometric surface) is more properly applied to a porous 

medium such as a sandstone, but in this case the limestone was so extensively 

fractured as to closely approach the porous condition. Many workers believe that 

solutional activity is at a maximum directly below the water table. For instance, 

Thrailkill (1960) states, "(1) shallow phreatic flow is often quite rapid ..., (2) the 

dissolving power of water in the shallow phreatic zone is relatively great compared to 

the dissolving power of water in the deep phreatic zone .... and (3) the direction of 

principal flow is parallel or sub-parallel to the water table". These factors result in a 

cave which is aligned along the flow path of the ground water and which reflects the 

horizontality of the water table.

Faulting and Solution

Fault deformation of the limestone produces a number of varied structural features, 

and solution of the rock at and in the vicinity of these features exhibits a wide range 

of variation. Interestingly brecciation, which is the most profound result of the 

faulting, appears to have little or no effect on solution. The breccia fragments are 

aligned at every conceivable attitude and offer no continuous linear elements to guide 

the flow of groundwater. Also, the mobilized breccia appears to act almost as a fluid.
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completely filling fracture interstices. After a time, the breccia hardens into its new 

configuration, not differing substantially from the original limestone.

Slickensided surfaces, though planar features, show a varied effect on solution. In 

many cases, the effect is minimal, with solutional surfaces often cutting through the 

slickensided surface as if it were not present Probably the reason for this type of 

response is that the slickensides form because the two sides are under compressive 

stress. The slickenside grooves indicate that the two surfaces are in intimate contact, 

essentially welded together, and will remain in that condition unless subsequent motion 

places the slickenside plane in tension. This change in stress direction may have 

occurred in the few cases where solution has occurred along slickenside planes. 

Another effect, which may masquerade as solutional, is simple collapse of unsupported 

wall rock into a solutional cavity, resulting entirely from the loss of support after 

solutional removal. Subsequent solution along the exposed surface may destroy the 

slickensides and thus mimic the solutional effect. Such an effect has been observed at 

several places.

In the majority of cases where cave passages occur along fault planes, the rock 

appears to have initially possessed an open fracture, resulting from either tensional 

stress after development of the fracture or differential movement along an uneven 

fracture surface. In either case, the initial configuration was a narrow opening, 

perhaps one or two millimeters wide, along the fracture surface or parts of that 

surface. These openings permitted the free movement of ground water and thus 

allowed development of the cave during the periods when climatic conditions were 

appropriate. In a fracture which is open over a wide area, the solutional enlargement 

of that fracture will probably proceed uniformly to produce a passage of nominally 

uniform width, at least for a limited distance. On the other hand, solution occurring 

along a fracture which is closed in places will produce a passage of nonuniform width
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and variable morphology. In some places, a "string of beads" wall morphology is 

observed, where wider quasi-spherical enlargements are connected by narrower 

intermediate regions. This effect may be the result differential solution, but more 

likely is the result of an original partially open fracture, with small areas in direct 

contact. Subsequent solutional enlargement could have encroached laterally on the 

closed areas, eventually destroying them and leaving only narrower walls as a relic of 

that former contact.

Joints

In a heavily faulted terrane, such as that occurring at Colossal Cave, pre-existing 

joints can be widened under tension. Inasmuch as there has been no lateral 

displacement, the fractures still qualify as joints, but they will serve as well as 

widened faults to facilitate the flow of ground water. Where the criteria for faulting 

are lacking or inaccessible, it is impossible to distinguish between joints and faults. 

The three dimensional maze-like pattern of the cave reflects in part the pattern of 

fractures and widened joints in which the cave formed. The cave pattern, however, is 

also a function of the hydrology of the entire system, including the groundwater 

source. In general, caves with discrete sources of ground water, such as sinkholes, 

display a simple or dendritic pattern, while maze caves tend to form as the result of a 

diffuse source, such as a sandstone aquifer (Brod). The reason for this difference is 

the result of differences in the hydraulic impedance of the sources. In the latter case, 

the greater hydraulic impedance occurs in the source, rather than the cave passage. 

Thus flow rates tend to be stabilized. The solutional enlargement of any one passage 

does not result in a commensurate increase in flow volume, which would cause even 

greater enlargement. Thus multiple parallel and interconnecting flow paths can
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continue to develop with a diffuse source of ground water; i.e., one with Darcy flow 

characteristics.

Fault Collapse

Some passages and rooms in the cave are completely fracture-determined, 

apparently in pervasively fractured limestone when support was removed by solution of 

the underlying rock. One such passage starts as a low-ceiling alcove on the right side 

of the tourist trail just inside the entrance. This passage extends first southeastward, 

then northeastward for about 30 meters along a nominally level horizon, while the 

tourist trail, following the solutional part of the cave, descends to a lower horizon. In 

several places, this fracture-determined passage is the uppermost in a series of three 

stacked levels. Some of the rock in the breakdown fragments extensively displayed in 

this upper level is so pervasively fractured that it has no more strength than 

unconsolidated sediment. In some other places not as extensively fractured, the 

collapse separation has occurred along fault planes, leaving a slickensided surface as 

the hanging wall.

Causative Factors

Studies of the structural geology, stratigraphy, and cave morphology have provided 

what, on first examination, appears to be a somewhat enigmatic set of clues concerning 

speleogenesis. It is clear from the cave morphology that the cave formed as the result 

of solutional processes along a nominally level horizon, through the action of ground 

water probably derived from a diffuse source. The cave is developed on the margin of 

mountainous terrain in highly fractured limestone dipping at various attitudes; there is, 

at the present time, no horizontal surface either above or adjacent to the cave nor 

does there ever appear to have been one. Furthermore, there is at present no diffuse
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source of groundwater. The cave is developed roughly perpendicular to a relatively 

narrow ridge, primarily because of the alignment of the wedge shaped block of soluble 

limestone confined between insoluble rocks. There appear to have been no suitable 

catchment basins higher on the ridge from which ground water could have reached the 

cave.

These various clues make sense only in one context. It is first necessary to 

assume that at the onset of speleogenesis the erosional dissection evident today had 

not progressed nearly so far. Thus, the valley of Posta Quemada Canyon and Agua 

Verde Creek was probably continuous all the way down to Pantano Wash, rather than 

being breached at Old Spanish Trail and at Colossal Cave Road as it is today.

Secondly, we can assume that Posta Quemada Canyon, deeply incised during wet 

climatic conditions of the Pleistocene, subsequently became choked with sediment when 

the sediment load exceeded declining stream flow. The level of sediment in the canyon 

must have exceeded the altitude of Rincon Valley adjacent to Colossal Cave Ridge, 

which was at the headwaters of small streamcourses and not subject to sediment 

deposition like the canyon. The Rincon Valley plain, at a lower altitude, and separated 

from the gravel choked Posta Quemada Canyon by a narrow ridge of intensely 

fractured limestone, provided a suitable hydraulic gradient for ground water trapped in 

the gravel. Movement of this water through the limestone from the diffuse source 

gravel dissolved the maze of passages and resurged at slightly lower elevations in 

Rincon Valley or in ravines draining into Rincon Valley.

As noted in a previous paragraph, the nominally horizontal configuration of the 

cave implies a nominally horizontal water table, and the position of that water table is 

determined by the elevation of the resurgence. A probable site for the resurgence 

would be in the small valley northwest of the cave, which drains westward into Rincon 

Valley. Figure 7 is a longitudinal profile of the cave, extended to the patch of
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exposed flowstone at the bottom of the small valley. If this part of the valley was 20 

meters higher and there was a resurgence at that position, it would establish a water 

table at or slightly above the highest passages in the cave, as shown on figure 7.

The rate of erosional degradation of land surfaces is a function of a number of 

factors, including both climate and locality. An average degradation rate of one meter 

per 20,000 years has been arbitrarily selected for the ridge, and a degradation rate of 

one meter per 10,000 years has been postulated for the small valley. Given these 

rates, the resurgence could have existed 200,000 years ago and the rock above the cave 

may have been 10 meters thicker. Halving the rate of valley incision to one meter per 

20,000 years would double the age of resurgence to 400,000 years. In any event, 

subsequent erosion destroyed the resurgence. It is probable that the remnant flowstone 

exposed in the streambed of the small valley is a secondary deposit formed in a former 

caver passage which developed below the resurgence.

The postulated aggradation of Posta Quemada Canyon is necessary to the 

speleogenetic theory proposed here. For flow of groundwater through the cave from 

southeast to northwest, it is necessary for the source in Posta Quemada Canyon to be 

higher in elevation than the resurgence to Rincon Valley. However, since the canyon 

was a major drainage route from the Rincon Mountains, it would normally be expected 

to be deeper than Rincon Valley, adjacent to the opposite side of the ridge. The only 

way in which the canyon could have been higher than the resurgence is for 

aggradation to have back-filled the valley to the requisite elevation.

Flow from Rincon Valley to Posta Quemada Canyon does not appear likely. The 

small valley northwest of the cave drains an area only 0.4 kilometer long by less than

0.2 kilometer wide. For a horizontal water table to exist at the cave, the canyon 

would have had to have been at least 60 meters higher. By comparison, the Rincon 

Valley would have had to have been higher but not by the same amount, as streambed
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erosion is likely to proceed at a faster rate. The potential catchment area would have 

been enlarged somewhat but probably not greater than 0.25 square kilometers.

An origin similar to that of Colossal Cave is postulated for a small cave on the 

opposite (southeast) side of Posta Quemada Canyon, which drained into a small valley 

opening farther downstream into Agua Verde Creek. The entrance of this cave is 

about at the same level as the entrances at Colossal Cave, and the presence of red 

clay implied a sediment surface subject to long weathering, at an altitude somewhat 

higher than the cave horizon. The presence of red clay in this cave and its absence 

in Colossal probably reflects a difference in water velocities in the two caves. The 

small cave must have drained in to a valley hardly lower than Posta Quemada Canyon, 

with either a low initial velocity or one that decreased with time. With sufficiently 

low flow velocity, the fine clay particles could settle from suspension.

The flow velocity in Colossal Cave, on the other hand, was probably always 

sufficient to prevent the fine suspended clay particles from settling out. After 

solutional enlargement of the passages to essentially their present size, a climatic 

change, probably coincident with another Pleistocene glaciation in other areas, caused 

stream flow in Posta Quemada Canyon to exceed the sediment load, and the deep 

gravel fill was flushed away. Water drained from the cave and it became air filled and 

essentially dry, with the only influx of water resulting from incidental seepage through 

the ceiling rock. These incidental seepages caused secondary mineralization of calcite 

by dissolution of calcium carbonate from the limestone and its eventual precipitation in 

the cave in the form of speleothems and flowstone. With further drying of the 

climate, such deposition ceased, and the cave is now dry. The total time required for 

the initial, solutional phases of speleogenesis is dependent on limestone solubility, flow 

velocity and flow path hydrology (White, 1985). White considers the flow to be 

characterized by two regimes, an initial fracture aquifer flow and a later conduit
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aquifer flow, in which certain conduits have developed by enlargement of fortuitously 

placed fractures. The transition from fracture flow to conduit flow occurs at a critical 

threshold, where the fracture has been enlarged to about 1-2 millimeters. The time 

required to reach this threshold is approximately equal to the time required to enlarge 

the conduits to multi-meter dimensions, several tens of thousands of years, based on 

mass transport considerations. Myroie (1985), reporting on theoretical and field studies 

in the Bahamas, concluded that large (r>2m) solution conduits could develop in no more 

than 10,000 years. Colossal Cave, in a different climatic setting and with groundwater 

flow limited by a diffuse aquifer, conceivably could require a longer time to develop. 

Nevertheless, an order of magnitude increase in the initial phases of speleogenesis to 

100,000 years is certainly not out of the question and is roughly comparable to the 

times derived from surface degradation.

Alternative Hypothesis

The speleogenetic history proposed in previous paragraphs is the only viable 

candidate out of several competing theories, all of which fail in some respect. A 

number of these failed hypotheses are discussed below.

1. High catchment basin draining to cave: This "conventional" theory can be

invoked in many situations but is difficult to apply in this case. There is no known 

plateau remnant in this well dissected and mountainous country. The requirement for a 

diffuse source of ground water demanded by the cave pattern necessitates a porous and 

non-calcareous source lithology, which is difficult to meet at this site. The alignment 

of the cave perpendicular to the axis of the ridge is hard to reconcile with a high 

catchment source; in that case, the source would feed the center of the cave and drain 

laterally outward to both Posta Quemada Canyon and Rincon Valley. A drainage 

pattern of this sort would require the conduction of ground water along the ridge axis
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to the cave, but such conduction is prevented by the red breccia barrier. To 

circumvent this barrier would require the source water to penetrate the northwest 

flank of the ridge, where there is no barrier to its resurgence in Rincon Valley, thus 

bypassing the cave site. Thus, groundwater flow along the ridge is highly improbable.

2. A source on the northwest side of the ridge, and a resurgence in Posta 

Quemada Canyon: This hypothesis postulates a reasonable resurgence but an unlikely 

source area. There is a lack of sizable surface streams in this end of Rincon Valley, 

and it is unlikely that pediment or alluvial fan surfaces of sufficient altitude existed 

on the northwest margin of the ridge. The only pediment remnants found on that side 

occur below the cave horizon. In addition, such a flow path could not explain the 

existence of the smaller cave on the opposite side of the canyon. There is no 

necessity that the two caves be contemporaneous, but it is highly probable that they 

formed at the same time under the same conditions.

3. High terraces in Posta Quemada Canyon draining into the cave: This theory

has the same problem as the first one (number one); that is, the breccia barrier 

prevents flow along the ridge axis into the cave. The edge of the barrier is so close 

to the axis of the canyon that groundwater entering the narrow wedge of limestone at 

its southeastern end would almost certainly enter the southeastern end of the cave 

rather than the center. While it is true that this groundwater could resurge along the 

broad southwestern flank of the cave, there would be no impetus to develop the 

northwestern part of the cave. To completely develop the cave in this situation 

requires flow completely through the ridge, from a local terrace source on the 

southeast to a resurgence to a small canyon draining out into Rincon Valley. Thus, by 

progressively eliminating unlikely alternatives, one is led back to the postulated genesis 

as described in a prior paragraph: groundwater flow from a local terrace in Posta
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Quemada Canyon to a resurgence into a valley draining into Rincon Valley from the 

northwestern end of the cave.

VIII. CONCLUSION

The geologic setting in which Colossal Cave formed was established when an 

allochtonous plate of Paleozoic and Precambrian rocks was displaced from the rising 

dome of a metamorphic core complex in late Oligocene time. This displacement 

produced pervasive faulting at the cave site, with fracturing, breccia formation, and 

injection of low temperature hydrothermal solutions which produced mild metamorphism 

in the limestone. During later Pliocene and/or Pleistocene time climatic changes first 

caused incision of streams draining the southwestern Rincon Mountains, followed by 

aggradation of streams when sediment loads exceeded stream capacity. At the cave 

site, ground water from alluvium in Posta Quemada Canyon drained through fault 

fractures in a narrow limestone ridge to lower elevations on the northwest side of the 

ridge facing the Rincon Valley. The cave was formed by the moving water under 

phreatic conditions. Development of the cave passages was controlled primarily by 

fault fractures, unhealed (not recemented) breccia zones, and widened joints in the 

limestone. The general position and alignment of the cave was controlled in part by 

insoluble boundary rocks emplaced during the preceding tectonism, and in part by the 

hydraulic gradient at the site. Subsequent modification of the cave occurred by the 

collapse of fault weakened slabs later in the cave’s history. Some cave passages were 

truncated by erosion, while others were filled with infiltrating talus. Entrances formed 

where truncated passages remained open. The most recent modifications occurred as 

the result of human intervention when the cave was prepared for display. The age of 

the cave is unknown, but it probably formed in mid to late Pleistocene time.



APPENDIX

Number

Faults, Colossal Cave Study Area

FI N26W 65SW; no striae, at contact of LS and red breccia.

F2 N6E 89NW; no striae, on exposed block of red breccia.

F3 N68W 77SW; Bolsa on SW, exposed planar surface.

F4 Deleted

F5 N78W 59SW; striae perpendicular to strike, exposed in road cut. 

F6 N83W 66SW; striae dip 59 degrees SW, probable extension of F5. 

F7 N81E 85NW; at contact of LS and Bolsa in stream bed.

F8 N23E 87SE; striae dip 3 degrees S, in LS N of cave.

F9 N17E 90; no striae, just N of F8.

F10 N3E 79SE; at Bandit’s Escape in LS.

FI 1 N50W 86SW; same as above.

F I2 N8E 89NW; no striae, irregular, on red breccia.

F I3 N43W 77NE; striae, on LS, other side missing.

F14 A Brecciated Zone in Bolsa, roughly vertical.

FI 5 N12E 87SE; no striae, in LS, other side missing.

F16 N60E 90; no striae, in LS in stream bed.

F17 N83W 69SW; striae dip 64 SE, in LS.

FI 8 N82W 65SW; striae perpendicular to strike.

F19 Breccia, thin beds against massive beds.

F20 N69E 86NW; no striae, in LS on siliceous material.

F21 N16E 69SE; striae?



Faults, Colossal Cave Study Area (cont.) 

F22 N34E 77NW; no striae, surface covered with calcite, in LS. 

F23 N37E 78SE; no striae, in LS.

F24 N42E 40SE; in LS.

F25 N52W 78SW; no striae, a fracture zone.

F26 N75E 81SE; striae dip 33 NE.

F27 N2E 70NW; drusy, open fracture.

F28 N27E 63NW; in red breccia.

F29 N3W 79NE; in LS.

F30 N22E 85NW; between red breccia and LS.

F31 NILE 89SE; between red breccia and LS.

F32 N10E 87NW; in LS.

F33 N1E 70NW; in LS.

F34 N87E 76NW; in LS.

F35 N86E 68NW; in LS.

F36 N42W 43SW; striae dip 30 SE.

F37 N89E 73NW; in red breccia.

F38 M88W 82SW; striae perpendicular to strike.

F39 N8E 85NW; on red breccia and LS fragments.

F40 N3EE dip?; between red breccia and LS.

F41 N87W 85SW; in LS.

F42 N2E 83SE; in LS.

F43 NSW 75NE; on red breccia over LS, one side only.

F44 N2E 90; in LS.

F45 NSW 65NE; in LS.



Faults, Colossal Cave Study Area (cont.)

F46 N56W 77NE; in LS.

F47 N15E 76SE; up to NW, in LS.

F48 N51E bose; up to SE, in LS.

F49 N38E 83NW; up to SE, in LS.

F50 N70E dip?; in LS.

F51 N80E 45SE; striae parallel to strike; in LS.

F52 N1E 83NW

F53 N18W 78SW

F54 N46W 76SW

F55 N1E dip?; not exposed

F56 N49W 76NE

F57 N61W84SW

F58 N14W 87SW

F59 N32E 65SE; striae perpendicular to strike. 

F60 N82E 66NW; in LS.

F61 N7E 71SE; in LS.

F62 N73E 88SE; on red breccia.

F63 N22E 66SE; in LS.

F64 N4E 76NW; gouge in fault.

F65 N25E 61SE; slickensides dip 42°SE.

F66 N72E 90°; in LS.

F67 N70E 82NW; dropped down to NW (small). 

F68 N6W 78NE; in LS cliff.



Faults, Colossal Cave Study Area (cont.)

F69 N64W 85NE; in LS.

F70 N57E 74NW; in LS 

F71 N70E 80NW; in LS.

F72 N35E 79SE; in LS, contains fault gouge and breccia. 

F73 N2E 72SE; in LS.

F74 N2E 79NW; in LS, near F73.



Faults in Colossal Cave.

CF in Sequence Number refers to Cave Fault

FAULT
NUMBER ATTITUDE COMMENTS

CF1 N77W-------

CF2 N14E------

CF3 N6E MONW major fault

CF4 N43W 61SW striae perpendicular to strike, major fault

CF5 N85E 68SE striae perpendicular to strike, near CF 4

CF6 N20E------- in shaft area maze

CF7 N55W------ in shaft area maze

CF8 N9W 60SW in shaft area maze

CF9 N52E 73NW

CF10 N10W 84SW

CF11 N48W 85SW

CF12 N82W 67NE

CF13 N15W------

CF14 N17W------ ..

CF15 N29W-------

CF16 N76W-------

CF17 N18W------

CF18 N12E-------

CF19 NSW------

CF20 NSW-------



Faults, Colossal Cave Study Area (cont.)

CF21 N43E 78NW

CF22 N52W 45NE

CF23 N62E------

CF24 N43W 63SW

CF25 N28E 64NW

CF26 N71E* 48SE striae perpendicular to strike

CF27 N54E* 54SE striae perpendicular to strike

CF28 N49W 52SW near entrance

CF29 N85W 42NE

CF30 N58W------

CF31 N83W 30NE same as CF 29, dip flattens

CF32 N49E 45SE

CF33 N42W 70SW

CF34 N63W 70SW

CF35 N87E 48SE

CF36 N31E 75NW with reddish fault gouge

CF37 N42W 79NE striae perpendicular to strike

CF38 N57W 74SW striae perpendicular to strike

* Near steel rail, strike probably in error.



Bedding Planes, Colossal Cave Study Area

NUMBER ATTITUDE

BP1 N78W 3NE

BP2 N2E 17SE

BP3 N85E 23NW

BP4 N89W 34SW

BPS N84W 54SW

BP6 N59E 43NW

BP7 N2E 40NW

BPS N7E 41NW

BP9 N30E 34NW

BP10 N9W 10NE

BP11 N13W 28NE

BP12 N28W 25NE

BP13 N87W 23NE

BP14 N87E 38NW

BP15 N87E 29NW

BP16 N56W 16NE

BP17 N67E 33NW

BP18 N38E 34NW

BP19 N83W 36NE

BP20 N14E 61NW

BP21 N14E 79NW

BP22 N12E 84NW

COMMENTS 

in LS 

in LS 

in LS 

in LS 

in LS 

in LS

in Bolsa Quartzite

in Bolsa Quartzite, near BP7

in LS

in LS

in LS

in LS

in LS

in LS

in LS

on quartzite, near fault 

on quartzite, near fault 

on quartzite, near fault



Bedding Planes, Colossal Cave Study Area (cont.)

BP23 N73E 43NW

BP24 N89E 30NW

BP25 N65E 19SE

BP26 N77W 59SW

BP27 N71W 15NE

BP28 N6W 29NE

BP29 N37E 5SE

BP30 N2E 30NW

BP31 N4W 60SW

BP32 N11W60SW

BP33 N13W 87SW in LS

BP34 N85E 23SE

BP35 N25E 70SE

BP36 N7E 18SE in LS

BP37 N46E 33SE in LS

BP38 N45W 19NE in LS

BP39 N62W 16NE in LS
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Plate 3. Composite Map of Colossal Cave, Pima County,Arizona

This map consists of two joined sections. The northwest half consists of the 
map shown in Plate 2 reduced to 6 meters per cm., and the southeastern half 
consists of the older UAAC Grotto map reduced to the same scale factor, with 
a join at the match lines. The scale of this map is the same as that of the 
geology map, so that this map may be superimposed in overlay fashion.
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