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PETROLOOIC STUDY OF SEDIMENTS FROM 

SELECTED CENTRAL TEXAS CAVES 

Ruben Milton Frank 

ABSTRACT 

The petrologic study of cave sediments is a new field whose 

history dates back only about 30 years. Most previous work has been 

done in Europe, with very little in North America. This is the first 

petrologic study of sediments of Texas caves. 

Sediments from the 11 Central Texas caves investigated provide 

information on the diagenetic sequence of authigenic calcite and 

cellophane, and add to the knowledge of the occurrence and distribution 

of red clays and dolomite silts. The sediments from Fyllan Cave in 

Travis County place a rraximum date of mid-Pleistocene on the existing 

Colorado River terraces. X-ray analysis of clays in sediments from 

three caves indicates a decline in kaolinite content, confirming 

a drying tendency for the last 8000 years. 

iii 



TABLE 0 F C 0 N T E N T S 

INTRODUCTION . . • . 
Purpose . . . . • 
Acknowledgements . 

GEOLOOIC DISTRIBUTION OF TEXAS CAVES 

CHOITCE OF SAMPLE CAVES 

PETROLOOY 
Historical Introduction 
Rock Classification and Terminology 
Cormnon Properties of Cave Sediments 
Sediments of Individual Caves 

Fyllan Cave . . . 
Petrography 
History 
Climate 
Dating of Nearby Terraces 
Recrystallized Calcite 

Felton Cave .. - · .... 
Petrography • • • • • 
History and Climate 
Collophane concretions 
Authigenic calcite 

Miller's Cave .•.•.. 
Petrography . . . . 
History and Climate 

. . . . . 

Diagenetic Sequence of Calcite in Torrenigenic Sediments 
The Red Clay Problem . . . 
Dolomite Silt . . • . . . . . 
Possible Algal Structures 
Clay Minerals in Cave Sediments as 

Climates, Clays, and Caves 
Analysis of Clay Minerals 

Caves Sampled 
Method . . . • . . . 

Interpretations . . . • . 

Indicators of Climate 

Suggestions for Future Investigations 

iv 

Page 

1 
1 
2 

4 

9 

10 
10 
11 
17 
19 
19 
19 
22 
23 
25 
29 
37 
37 
38 
39 
41 
46 
46 
47 
48 
50 
56 
59 
63 
63 
65 
65 
66 
66 
72 



APPENDIXES • • • 
Appendix A. 
Appendix B. 

REFERENCES . 

. . . . . . . . . . . . . . . . . . . . . . . . 
Location and Description of Caves Investigated. 
Thin Section Descriptions 

v 

Page 

74 
75 
93 

110 



Table 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

L I ST 0 F TABLES 

Provenance, Mode of Transport, and Examples of 
Ta.rdigenic and Torrenigenic Sediments . . . 

Sequence of Events in the Deposition of Fyllan Cave 
Sediments . . . . . . . . . . . . . . . . . 

Microspar and Pseudospar Criteria . 

Dia.genetic Sequence of Calcite in Torrenigenic 
Sedients • . . . . 

Red Clay X-ray Analysis • 

Grain Size Analysis of Dolomite Silt 

Legend for Cave Maps 

vi 

Page 

15 

24 

33 

49 

52 

58 

78 



Figure 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

L I ST 0 F FIGURES 

Map: Distribution of Texas Caves •.•. 

Histograms: Point-Count of Heavy Mineral Content of 
Fyllan Cave Sediment and Asylum Terrace . . . • . 

Graph: Percentages of Clay Minerals from Felton Cave 

Graph: Percentages of Clay Minerals from Miller's Cave 

Graph: Percentages of Clay Minerals from Friesenhahn 
Cave . . . . . . • . • . . . 

Map: Location of Caves Investigated 

Map: Diamond Cave 

Map: Felton Cave •• 

M3.p .and Cross-section: Friesenhahn Cave 

Cross-section: Fyllan Cave • 

Map: Lost Gold Cave . :• 

Map and Cross-section: Miller's Cave 

Map: Powell's Cave • . 

Map and Profile: Tippit Cave • 

M:l.p and Profile: Zesch Cave 

vii 

Page 

5 

28 

67 

68 

69 

77 

79 

81 

82 

84 

86 

88 

91 

92 



Plate 

2. 

3. 

L I S T 0 F PLATES 

Photomicrographs of Thin Sections from Fyllan Cave 
Sediment ................... . 

Photomicrographs of Thin Sections and Photograph of 
Concretions from Felton Cave Sediment ... 

Photomicrographs of Thin Sections of Algal Structures. 

viii 

Page 



I N T R 0 D U C T I 0 N 

Purpose 

Caves provide a place for detrital deposition in an area 

that is otherwise being eroded. In this respect they are analogous 

to lakes, river terraces, and other isolated spots of accumulation 

in an area of denudation. But cave sediments have one characteristic 

that sets them apart from surficial deposits and, in some respects, 

makes them superior in interpreting the geomorphologic and climatic 

history: because cave deposits are not exposed to normal weathering 

they are generally altered very little, so the constituents are very 

nearly in the same state as they were when they were deposited. 

Vertebrate paleontologists have long recognized that this 

protective nature of caves can work to their advantage. The classic 

example is Buckland (1824) who used vertebrate fossils from caves in 

England to prove the occurrence of a universal deluge. Despite his 

interpretations he did provide the paleontologists with a great deal 

of useful information. A present-day example may be drawn from 

West Germany where about one-third of all the Tertiary vertebrate 

remains have come from caves and fissure deposits (H. Tobien, 1964, 

oral communication). 

1 
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Very few petrologic investigations of cave sediments have 

been ma.de, however, and I think that this lack of interest in cave 

sediments is the result of two factors. First, it is a minor field 

of study that has been overshadowed by larger, more established 

disciplines and second, few of the previous attempts to study cave 

sediments have pointed out their relationship to the geomorphologic 

and climatic history of the surrounding area. 

My purpose in this thesis is not only to give some examples 

of these relationships but also to examine cave sediments for the sake 

of scientific curiosity. 
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GEOLOGIC DISTRIBUTION 0 F 

TEXAS CAVES 

Reddell (1964) bas ably summarized the geographic distribution 

of caves in Texas. I shall give here only a brief discussion of the 

distribution of Texas caves within the geologic column. 

The great majority of Texas caves occur in some fifty counties 

in the northwest, central, and southwest part of the state (see distri

bution map, Fig. 1). There are very few natural caves on the Gulf 

Coastal Plain and only a few small caves and shelters in the High Plains 

of the Panhandle of Texas. Much of West Texas contains igneous and 

sedimentary rocks which are poorly suited to cavern development. Almost 

all of the caves in the state are in either evaporites, or blanket 

and reef carbonates of Ordovician, Permian and Cretaceous age. 

The oldest speleologically important lithologiC unit, • thef 

Ellenberger (Ordovician)bas been divided into three formations: the 

Tanyard, the Gorman, and the Honeycut (Cloud and Barnes, 1948). These 

forma.tions differ only slightly lithologically and there is apparently 

no morphologic difference in the caves within each formation. The 

Ellenberger crops out in the central part of the state and though the 

outcrop area is sma.11, this unit is the second most prolific cave 

4 



NUMBER OF CAVES SYMBOL 
PER COUNTY 

BO OR MORE 

40 TO 79 

20 TO 39 

5 TO 19 

TO 4 

0 

Fig. 1. Distribution of Texas Caves 
(After Reddell, 1964, p. 11) 
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former, containing hundreds of caves. The Ellenberger is composed 

of limestone and dolomite, but limestone predominates in the outcrop 

area. Its average thickness is about 1700 feet and it thins to the 

north. The unit dips regj_onally a f ew degrees to the west (Cloud 

and Parnes, 1948 ). 

In northwest Texas, there is a relatively large outcrop of 

cavernous Permian strata. These rocks consist of interbedded gypsum, 

dolomite, sandstone, and shale. The total thickness of these beds 

is about 1300 feet; about 100 feet of this is gypsum and dolomite. 

No one bed of gypsum is more than 30 feet thick, however, and the 

dolomite occurs only as very thin beds usually not exceeding one foot. 

The Blaine Formation, which comprises the bottom 600 feet of this 

sequence, is the most cavernous There is another concentration of 

gypsum in the middle part of the sequence in the Peacock Fornation 

(Roth, 1937). 

There are scattered patches of Permian limestone and gypsum 

in the far western part of the state which contain caves. Undoubtedly 

the most famous of these is the Capitan limestone of the Guadalupe 

Mountains of Texas and New Mexico, in which Carlsbad Caverns is 

developed This formation is also exposed in the Glass Mountains 

further to the southwest. Here it contains a number of caves, one of 

which (400 Foot Cave) may be the deepest in the state. 

The areal extent of Cretaceous rocks in Texas is rather large 

and most of them are limestones. Rocks of Lower Cretaceous age exposed 
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in the central, southwest, and far west parts of Texas contain the 

majority of caves. These Lower Cretaceous limestones are delimited 

to the south and east by their faulted contact with the Upper 

Cretaceous rocks along the Balcones Fault Zone. To the west they 

have been eroded away or were never deposited and to the north there 

is a general thinning and an increase in the amount of clays, marls, 

and sands (Sellards, et. al., 1933). In general, they have a slight 

regional dip to the southeast except in far western Texas where 

deformation has affected them . 

The lowermost Cretaceous unit of any speleological importance 

is the Glen Rose Formation. Throughout its entire exposure it is inter

bedded with marl and in general its lithology is not conducive to cave 

formation. In the south central part of the state, in Bandera, Kendall, 

Comal, and Bexar Counties, it is composed of purer limestone and it 

contains many small and medium sized caves. 

The next two prominent cave-forming limestones above the Glen 

Rose, the Comanche Peak Formation and the Edwards Formation, are lith

ologically distinct only in the north and north-central part of the 

state . Hydrologically and speleologically they are considered as one 

unit in south central and southwest Texas. This unit outcrops throughout 

the Lower Cretaceous exposure. It is composed of massive limestone and 

dolomite, and much of it is also reef limestone. It ranges up to 1000 

feet thick in the outcrop area but usually it is thinner. In southwest 

and Far West Texas the next higher unit, the Georgetown Limestone, is 
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included with the Fiiwards and Comanche Peak to form one lithologic 

formation known as the Devils' River Limestone (Udden, 1907). The 

jointed, massive, and reefy character of the Edwards-Comanche Peak 

IJBke it an ideal cave-former and it ranks first in total number and 

diversity of caves. 



CHOICE OF SAMPLE CAVES 

Felton Cave, Miller's Cave and Friesenhahn Cave were chosen 

as sample caves because they contain an abundance of vertebrate fossils 
14 

and have C dates recorded from them. The climatic interpretations 

ma.de from studies of the vertebrate fossils by Lundelius (in preparation), 

14 
Patton (1963), and Evans (1961), and the C dates, were helpful in my 

petrologic investigations. Fyllan Cave was originally sampled for its 

vertebrate fauna by E. L. Lundelius. After a cursory examination 

showed an unusual mineralogical assemblage, it was also chosen for 

petrologic study. The red clays and dolomite silts were taken from 

caves where they had previously been noticed and where they seemed to 

be prominent. After a review of the literature on algae in European 

caves, I diligently searched for living algae in Texas caves, but found 

none. The samples from Tippit Cave and Zesch Cave are suggestive of 

fossil algae, however. 

Whether the exciting and varied sediment s that were analyzed 

were the result of sampling serendipity or merely what would be expected 

if anyone looked closely at randomly selected cave sediments, I do not 

know; I like to think it was the latter. 

9 



P E T R 0 L 0 G Y 

Historical Introduction 

Caves have been the subject of deductive and scientific 

curiosity for over 2000 years. Aristotle taught that earthquakes were 

caused by great winds rushing through large caves (Fenton and Fenton, 

1945, p. 8). Even the Greek goddess Athena was a spelunker. Speaking 

of her in the Odyssey, Homer s.s;y:s) "The goddess turned and entered 

the dim cave, exploring it for crannies ... " (Book 13, lines 366-367). 

In the 11th century the Arab philosopher Avicenna described speleothems 

(Fenton and Fenton, 1945, p. 18). The list of philosophers and scientists 

who touched on the subject of caves could be much longer. Hardly any 

of the well-known geologists and their precursors failed to mention 

caves or use them as a cause for some unexplainable phenomena. 

It was not until the latter half of the 18th century, though, 

that the contents of caves were seriously investigated. Esper studied 

the fossil remains from French caves from 1770 to 1790 (Von Zittel, 1901). 

Following Esper's work, Buckland (1824), Cuvier (1825 ·), Thirria (1830), 

De La Beche (1832), and De Serres (1838),along with others, all made 

significant contributions to the study of cave deposits from a paleonto

logical viewpoint. The list of investigators increases along with the 

10 
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importance of their contributions through the remainder of the 19th 

century. Although some of these early workers arrived at rudimentary 

classifications of cave sediments, recognized facies changes, and even 

attempted some petrolog~c studies of the sediments, the ma.in emphasis 

was on their bone content, rather than their sediments. 

In the last 30 years, beginning with the work of Lais (1941), 

European investigators bave ma.de significant contributions to the 

petrology of the sediments in caves. These include Kukla and Lo~ek 

(1958), Schmid (1958), and Brain (1958). 

In the American literature, three highly significant papers 

have been written on cave sediments. 'lWo of these deal with Mannnoth 

Cave, Kentucky (Davies and Chao, 1959; and Collier and Flint, 1964) 

and one is a stratigraphic study of sediments of Carroll Cave, Missouri 

(Helwig, 1964). The comprehensive study by Davies and ;Chao helped to 

establish the relation between nearby surface sediments and Mannnoth 

Cave sediments. Collier and Flint showed how t he distribution of 

sediment in various levels of Mannnoth Cave changed during successive 

floodings over a three year period. Helwig used the sediments in 

Carroll Cave to interpret the history of the cave. 

Rock Classification and Terminology 

The descriptive terminology used throughout this thesis is from 

Folk (1961) unless specifically stated otherwise. There has been no attempt 
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to place the sediments discussed here in any existing rock classi

fication. Neither have I attempted to devise a classification scheme 

of my own, for the literature is already oversaturated with rock 

classification systems and I do not feel that it is necessary to add 

to the confusion. 

Cave sediments do not fit any existing rock classifications 

because they are derived not only from different sources of diverse 

lithologies but also from sediments bearing the characteristics of 

various despoitional environments. After this hodge-podge is dumped 

into a cave there is generally no agent to effectively alter or sort 

the constituents. Of the resulting textural anamolies the most common 

is a very poorly sorted sediment often containing inherited well-rounded 

grains. As indicated in the thin section descriptions, there are no 

samples with an overall standard deviation of grain size less than 

about 2.0¢ and only in a few instances is the standard deviation of 

individual minerals less than 0.5¢. 

Another factor, both real and psychological, that inhibits 

the fitting of cave sediments into existing rock classifications is 

that many of them are what the geologist would look upon as dirt. 

Diagenetic processes have either not begun or they have not caused a 

sufficient degree of change to transform the sediments into rock . Since 

soil and rock classifications are built around two different purposes 

it would be difficult to use a combination of both to categorize cave 

sediments. The recent classification of the constituents of soils by 



13 

Brewer (1964), however, would undoubtedly prove useful in any highly 

detailed analysis of cave sediments. 

Regardless of the aforesaid aversion to rock classifications, 

I find it necessary to distinguish between two types of cave sediments. 

The distinction is not intended as a classification and its significance 

is mainly practical; it saves words. 

Kukla and Lozek (1958, pp. 70-71) make a distinction between 

entrance facies and interior facies of cave sediments. Their entrance 

facies is composed of the material that has been introduced through a 

large, direct opening to the cave, together with internally-derived 

material and transition-zone-derived ma.terial such as limestone spall 

resulting from weathering processes acting on the cave entrance. Their 

interior facies comprises insoluble residue of the limestone derived 

from inside the cave together with minor amounts of entrance facies 

material which may have washed in. The distinction I wish to make is 

similar to theirs. I wish only to add to the interior facies the 

possible importance of clay derived from the surface soil and deposited 

in the cave through small joint planes and cracks, i.e., Bretz' (1942) 

nunctuous red clay. 11 I wish also to emphasize the different modes of 

deposition of the two facies. 

I shall therefore distinguish between sediments whose deposit ion 

has not been influenced by a specific, negotiable, centralized entrance 

(Kukla and Lozek's interior facies plus Bretz' red clay) and those 
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whose derivation and mode of deposition has been controlled by such 

an entrance (Kukla and Lozek's entrance facies). It would be difficult 

to pin down the size of this specific, negotiable entrance. I do not 

mean the minute joint planes and cracks by which groundwater circulates 

through the limestone. Such openings would onlycadmlt :·selective portions 

of the soil and available source sediments. The size and configuration 

of the entrance would have to be such that all, or at least a large 

portion, of the available surface material could enter the cave-

presumably material as coarse as pebbles. 

The sediments not influenced by a centralized entrance are 

generally more widespread in any one cave and of smaller grain size. 

The others are generally concentrated near the negotiable entrance. 

The ones not influenced by a centralized entrance have either 

been filtered slowly through the small cracks in the overlying lime

stone or been deposited with little or no transportation. The ones 

whose deposition has been influenced by a centralized entrance have 

been dumped or washed into the cave. For the sake of brevity I shall 

call the first mentioned sediments (e.g. "red clays" etc.) tardigenic 

(LB.tin tardus, slow or hinder, and genus, origin). The sediments 

deposited via a specific, negotiable ~ntrance will be called torren

igenic (Latin torrens, rapid or dumped , and genus). Table 1 shows 

the provenance, mode of transport and examples of tardigenic and 

torrenigenic sediments. 



Provenance 

within cave 

surface; 
local or 
distant 

within cave 
or in tran-
sition zone 
between cave 
and surface 

surface; 
local or 
distant 

TABLE 1 

PROVENANCE, MODE OF TRANSPORT, AND EXAMPLES 

OF TARDIGENIC AND TORRENIGENIC SEDIMENTS 

Mode of 
Transport 

gravity or water 

gravity, wind, 
or water 

gravity, wind, 
or water 

gravity, wind, 
or water 

Example 

breakdown and 
insoluble residue 
of limestone 

"red unctuous 
cl.a.y" '.:and .· other · 
selected portions 

spall and break-
down resulting 
from the influ-
ence of surface 
weathering on 
cave entrance 

soil and other 
weathering 
products 

15 

Sediment 
Type 

tardigenic 
(deposited 
slowly) 

tardigenic 
(deposited 
slowly) 

torrenigenic 
(deposited 
quickly) 

torrenigenic 
(deposited 
quickly) 

\ 
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Breakdown does not fit into this distinction easily. That 

occurring deep ~ithin a cave would be classed as tardigenic, of course. 

'lla1toccurring at an entrance would generally be of both types, par

ticularly where a vertical or collapse sink entrance is concerned. 

The breakdown occurring before the entrance is formed, i.e., that 

from which the entrance results, would be tardigenic. The blocks 

and spall occurring after the formation of the entrance would be 

torrenigenic because their deposition would be primarily due to the 

influence of surface weathering. 

If a complete classification of cave sediments were to be 

devised, it might also be convenient to consider provenance, especially 

of the torrenigenic sediments. The interpretation of surface con

ditions based on the petrology of the cave sediments could differ widely 

in degree and accuracy depending on what agent brought the sediment 

into the area of the cave and on how far the sediment was transported 

before arriving in the area. To give a couple of extreme examples: 

if the majority of a particular cave sediment sequence were composed of 

wind-blown loess derived from a granite batholith a hundred miles away, 

not much could be told about the geomorphologic history in the vicinity 

of the cave; or if the cave sediment sequence contained just locally

derived ·material deposited by slope wash, no interpretation could be 

made regarding the conditions of the nearest river. 
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In general, the clima.tic and geomorphologic interpretations 

ma.de from cave sediments in respect to their provenance are like 

those ma.de from surface sediments. The locally derived material 

enables us to make a more precise but more geographically restricted 

interpretation. The interpretation ma.de from distantly derived material 

may be less precise, because of the selective mechanism of the carrying 

agent, but geographically broader. 

Common Properties of Cave Sediments 

It would be impossible to discuss all of the samples as one 

group. Ea.ch cave contains its own petrographic peculiarities and each 

tells its own story. There are a few similarities among all of the 

cave sediments investigated, though, and some of these similarities 

may be extended to include cave sediments in general. 

Aside from the ever-present surface soils with their contained 

clays, the most striking common property among Texas torrenigenic cave 

sediments from aerated caves is their maximum age. No torrenigenic 

sediments older than Wisconsin have been found within the current 

system of enterable Texas caves. Thi s age is based on the vertebrate 

14 fossils contained in the sediments and on C dates (Pearson, 1965, 

oral communication). This implies that the current system of caves 

in the state was not open to the present land surface before Wisconsin 

time and consequently that the present land surface is not older than 

Wisconsin. 



18 

There are certain detrital grains which are common to nearly 

all of the cave sediments. As might be expected these include the 

minerals most commonly found in limestones such as quartz and calcite, 

and also carbonate rock fragments. These three are found in varying 

amounts in nearly all of the samples including both the torrenigenic 

and the tardigenic sediments. Detrital banded calcite representing 

l pieces of previously formed speleothems is also common, but not 

universal, in torrenigenic sediments. 

The only other detrital const,ituent that is cormnon to most 

of the torrenigenic samples is bone. The vertebrate remains are 

usually the result of a taphocoenotic accwnulation, i.e., an accumu-

lation of bones of animals carried in as food by carnivores (Kretzoi, 

1956). Where conditions are not favorable for predator occupation, 

the bones may result from an accidental accumulation, i.e., the result 

of animals falling into the cave or of their bones being washed in. 

Texturally, the samples are generally very poorly sorted with 

standard deviations from 5 or 6¢ to about 0.3¢ (based on visual estimation 

of hand specimens and thin sections). The grain size ranges from 11¢ to 

-7¢. The poorest sorting occurs in the torrenigenic sediments, of course. 

The tardigenic sediments are almost always better sorted. In addition, 

lAs defined by Moore (1952), speleothems are secondary mineral 
deposits of caves such as stalactites and stalagmites. 



the tardigenic sediments usually are bimodal with good to moderate 

sorting in both the clay fraction and the silt fraction. 

19 

The most common cement, when it is present, is calcite. It 

generally occurs in two forms; aphanocrystalline (0.5 micron to 

4 microns) with abundant clay and organic material, and as clear void

filling crystals. Calcite cement is present in both torrenigenic and 

tardigenic sediments but is generally more abundant in the former. 

Cellophane, although by no means universal, is a common cement 

in torrenigenic sediments. Its form is generally massive but occassionally 

colloform. Considering the abundance of bone and guano in cave sediments 

its presence is not unusual. 

The only other connnon factor observed in cave sediments is 

the increasing degree of cementation with depth (see thin section 

descriptions, Appendix B). This is not unusual or unexpected but may 

be important in analyzing the process of cementation (see page 46). 

Sediments of Individual Caves 

Fyllan Cave 

Petrography. The sediment in Fyllan Cave is markedly different 

from any of the others studied. Diagenetic processes have proceeded 

far enough to trans~orm it into respectable rock. The reason for 

this is that is is not part of the present cave system in Central 

Texas. It was formed sometime during or prior to the second pluvial 
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(Kansan) and probably bad its day as an aerated, enterable cave during 

the latter part of the second pluvial and first part of the second 

interpluvial. The contained microtine rodents place the age .of' the 

sediment as Kansan (Hibbard, written connnunication; and Patton, 1965, 

in press). 

A sketch of the exposed stratigraphic section in Fyllan Cave 

is shown in Fig. 10. For a location and description of the cave see 

pages 81, 83, and 84: 

Unit 1 is a finely laminated, red claystone with about 1% 

silt and the remainder montmorillonite (see thin section description, 

page 10~. The grain size of the silt fraction and the fine lamination 

(caused by alternate concentrations of silt and clay) suggests deposition 

by slowly moving water of fluctuating velocity. The seams of darker 

clay surrounding polygonal chunks of the original claystone suggest 

dessication of the unit and later filling of th.e cracks. The wavy and 

distorted laminae indicate slight disturbance of the unit while it was 

still plastic. Unit 1 is laterally equivalent to units 2, 3, 4. 

Unit 2 is a finely laminated red claystone (see thin section 

description, page 102). The slightly larger grain size and slightly 

thicker laminae suggest that it was deposited by slowly moving waters 

with a fluctuating velocity but with a slightly greater peak velocity 

than those of unit 1. The mineralogy is essentially the same as unit 1 

except that there are fragments of flat-bottomed calcite speleothems 

incorporated in the rock (Plate lA). The fragments are about .05 mm 

thick and up to several mm in diameter, and are ma.de of blade-like 
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calcite crystals. The underside is always rather flat and the upper 

surface has a relief of 5 to 15 microns representing the termination 

of the calcite scalenohedrons. A few of them have the upper surfaces 

slightly abraded. They are all more or less parallel to the bedding. 

These speleothem fragments apparently represent a former calcite crust 

that grew on the clay during a lull in sediment inf'lux. These speleo

thems occur in varying amounts in units 2, 3, 4, and 5. 

Unit 3 is a hard, orange limestone with 2Cf{o coarse-grained 

detrital material and 8Cffo recrystallized calcite. The detrital naterial 

is mostly single crystal straight extinction quartz with small amounts 

of vein and strained composite quartz. Montmorillonite, pre-Pleistocene 

silicated oyster fragments, chert, nagnetite, feldspar, calcite and 

bone are also present. The median grain size is -1.0¢ (see thin section 

description, pagel02 ). The contact between units 2 and 3 is gradational 

and the two units interfinger through a vertical distance of at least 

six inches. The grain size is larger and the laminae thicker and more 

poorly defined in this unit than in unit 2. This suggests that the peak 

velocity of the fluctuating water that deposited the sediment was greater 

than the depositing waters of the underlying unit. 

Unit 4 is a laminated, reddish-brown mudstone with 95% detrital 

material, mineralogically very similar to that of unit 3, and 5% calcite 

cement ( s"ee thin section description, page 103). The median grain size 

is smaller than that of unit 3 but the range is about the same. The 

laminae are more distinct than in unit 3 but not as well defined as those 



22 

of the underlying claystone units. The depositing waters appear to 

have had about the same velocity and degree of fluctuation as those 

that deposited unit 3. The contact between units 3 and 4 is gradational. 

Unit 5 is a hard yellow limestone with about 2Cf/o detrital 

naterial and the remaining BC!/o is recrystallized calcite (see thin 

section descriptions, pages 93-95 and lo4 ). The amount and size 

of the detrital material decreases upward. The alternate beds of grain

supported and non-grain-supported (Dunham, 1962, p. 113) material are 

less distinct in this unit than any of the others. The similar bedding, 

grain size range, and recrystallized calcite ma.ke this unit appear to 

have formed under conditions very similar to unit 3. 

Unit 6 is a finely laminated red mudstone with 9g:/o detrital 

material, mostly clay and quartz with minor amounts of feldspar and 

hematite nodules, and 1% calcite cement (see thin section description, 

page lo4 ). The size and amount of the silt fraction is greater than 

in unit 1, but its laminations are almost identical to those of unit 1, 

i.e., fine, distinct, and distorted. There are a few patches :; of 

recrystallized calcite intraclasts towards the top, the result of a 

breaking up of a part of the original mud while it was partly cemented. 

The same type of desiccation cracks present in unit 1 are also in unit 6. 

History. The sediment in Fyllan Cave is the most ideal repre

sentation of cave filling that I have ever seen. In my estimation this 

sequence is the closest to a theoretical cave sedimentation cycle that 
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could be imagined. I deeply regret that only one vertical section of 

the cave fill is accessible. 

The sequence of events represented by the six separate units 

is given in Table 2. The alternate grain-supported and non-grain

supported layers and laminae (originally silt, sand, and gravel vs. 

clay) that occur throughout the section are the result of either 

successive floodings of the Colorado River, or one of its tributary 

streams, or merely periodic rainfall. The latter seems more likely 

because of the lack of large gravel and boulders in the units that were 

deposited during the existence of a negotiable entrance. 

Climate. Evidence of the prevailing climate during the time 

of deposition of the sediment in Fyllan Cave is available through a 

study of the mineralogy and the vertebrate fauna . . The vertebrate 

fossils have not been systematically studied but preliminary investi

gations by E. L. Lundelius (oral communication, 1965) indicate a more 

humid climate than that of the present. Forms similar to the extinct 

tapirs and microtine rodents found in the cave are currently restricted 

to cooler and wetter climates. 

The great majority of the feldspar present in Fyllan Cave 

sediment is potassium feldspar. Orthoclase is much more abundant than 

microtine. The most prominent alteration product in all the feldspars 

is calcite and the grains vary from fresh to extremely altered. According 

to Folk (oral communication, 1965) no dependable climatic interpretation 



Event Unit 

1 1 

2 2 

3 3 

4 4 

4 5 

5 6 
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TABLE 2 

SEQUENCE OF EVENTS IN THE DEPOSITION OF 

FYLIAN CAVE SEDIMENT 

Sediment Type 

':-.tardigenic 

torrenigenic 

torrenigenic 

torrenigenic 

torrenigenic 

torrenigenic
tardigenic 

Occurrence 

Slow filtering in of residual soil 
through minute openings to the 
surface. No centralized entrance. 
Cessation of deposition and desic
cation of mud. 

Small centralized entrance permits 
stream to erode part of unit 1. 
Accidental vertebrate accumu
lation. 

Centralized entrance fully .dev:eloped. 
Taphocoenotic faunal accumulation. 

Previous conditions continue with 
relative increase in amount of 
sand and gravel brought in. 

Same conditions as above with 
decrease in relative amount of 
sand and gravel brought in. 

Sealing up of negotiable entrance 
and return to condit~ons prevalent 
during deposition of unit 1. Later 
desiccation of mud. 
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can be ma.de from calcitized feldspars. The potassium feldspars 

in the upper part of the section are slightly fresher than those 

in the lower part. If the calcitization were due to weathering, 

this would indicate a climatic change similar to that suggested by 

the clay mineralogy. However, this sequence of more heavily calcitized 

feldspars in the lower part of the section is also what would be 

expected if the calcitization were post-depositional, i.e., the older 

grains would be the most altered grains. 

Well-rounded detrital hematite nodules with distinct boundaries 

and calcite crusts are present in minor amounts in the middle part of 

the section. These nodules may also indicate a rather humid clinate 

(Pettijohn, 1957, p._ 139). / The scarcity of limestone rock fragments 

(obviously available) is further indication of a humid climate. Though 

there is a possibility of consummation of the detrital limestone by 

recrystallization, the more likely answer is that they were dissolved 

under humid surface conditions. 

Dating of nearby terraces. The mineral assemblage present in 

Fyllan Cave could not have been derived from the local Cretaceous lime 

stones because of the considerable amount of i gneous and metamorphic 

minerals that are present in the cave sediment. There are only two 

possibilities for its provenance: (1) a local igneous or metamorphic 

plug or dike which is currently concealed and (2) the central mineral 

region, 35 miles to the northwest, which contains abundant igneous and 

metamorphic rocks. 
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There are no known igneous or metamorphic outcrops in the 

area within the Edwards limestone in which Fyllan is formed. All of 

the existing ones are restricted to the Glen Rose Formation (below 

the Edwards) and the Austin Chalk (above the Edwards). However, this 

does not rule out the possibility of an igneous or metamorphic out-

crop in the vicinity of Fyllan during the deposition of the cave sedi

ment, the bulk of which may have since been eroded away and the remainder 

concealed. If such an outcrop did exist, it would be expected to be 

of more or less the same composition as those in the area today. The 

F.yllan Cave sediment contains minerals such as microcliine·.aii.d, meta

morphic quartz (Plate lC, D), which Lonsdale (1927) does not record 

from the known local basalt plugs and dikes. 

The other possible source of the cave sediment is the Central 

Mineral Region. If the cave sediment were derived from the Central 

Mineral Region it could have been transported only by the Colorado 

River. No other streams drain that region and run through the Austin 

area. Bullard (1942) has shown that present-day Colorado River material 

is characterized by about 6Cfl/o hornblende in the non-opaque heavy mineral 

fraction. Mathis (1942) has shown that hornblende is also a prominent 

mineral in the lower terraces of the Colorado River. But, according 

to Ma.this (pp. 19-20), hornblende becomes increasingly scarce in the 

upper terraces because it is less resistant to weathering. Heavy 

minerals from Fyllan showed only 7% hornblende in the non-opaque 
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fraction. The one grain observed in the thin section from unit 5B 

shows definite post-depositional solution (Plate lB). Thus there 

was probably more hornblende in the Fyllan fill when it was originally 

carried in. 

Fig. 2 shows that the heavy mineral content from Fyllan Cave 

is very similar to the average heavy mineral cont:ent'; of the uppermost 

terrace examined by Ma.this. Epidote, tourmaline and limonite, recorded 

in ~this' graph but not in tbat of Fyllan Cave, were observed within 

the heavy mineral assemblage but were not encountered during the point 

count. 

This evidence indicates that the Fyllan Cave sediment was 

derived, at least in part, from the Central Mineral Region and that 

it was brought to the vicinity of Fyllan Cave by the Colorado River. 

At present the Colorado is 1.95 miles to the southwest and 310 feet 

lower than the cave. Whether the Fyllan Cave sediment was deposited 

directly by the river or was derived from a previously formed terrace, 

is not known. The lack of large pebbles and boulders suggests that 

the cave sediment was derived from old terrace deposits but there is 

no evidence of this on the surface. 

The highest terrace in the Austin vicinity reaches 618 feet. 

Gravel lag deposits occur up to about 780 feet (Urbanec, 1963, Plates 

1 and 2). Fyllan Cave lies on the 800 foot contour line. So the Fyllan 

Cave sediment, or at least the terrace from which it was derived, predates 



100 

H M I( E z G T S R LU LI 

ASYLLM TERRACE (AF'TER MATHIS, 1942, F'IG, 4) 

100 

0 
H M K E Z G T s R LU LI 

F'YLLAN CAVE 

28 

H - 1-0AAel.OOE 
M - p.tMNETI TE Af\D OTHER 

BLACK OP1'QUE MINERALS 
K - KYANITE 
E - EPIDOTE 
Z - ZIRCON 
G - GARNET 
T - TOl.Rt'AL I NE 
S - STALROL.I TE 
R - RUTILE 
B - AlOTITE 
LU - LELCC»t£NE 
LI - LIPOllTE 

Fig. 2. Histograms: Point count of heavy mineral content of Fyllan 
Cave sediment and Asylum terrace. The epidote, tourmaline 
and limonite recorded by Ma.this were observed in the Fyllan 
Cave sediment but were not encountered during the point count. 
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all existing terraces in the Austin area. Previously, it had not 

been possible to place a ma.ximum age on the terraces in the Austin 

vicinity because of their depauperate and poorly preserved fossil 

fauna (Urbanec, 1963, p. 73) but with the faunal assemblage present 

in Fyllan Cave a tentative ma.ximum age of mid-Pleistocene can be 

given to the existing terraces. It must be kept in mind that if the 

cave sediment was derived from older terrace deposits there may have 

been a considerable time lapse between the forIJB.tion of the terrace 

and the deposition of the cave sediment. The scarcity of hornblende 

in the cave sediment may reflect the length of time the hypothetical 

terrace deposit lay on the surface and was weathered. 

Recrystallized Calcite. Units 1, 2, 4, and 6 in Fyllan Cave 

contain littlo.· or no cement or other authigenic material. Recrystal-

lized calcite is abundant in units 3 and 5 and in the sediment from 

WFY Cave about 1000 feet west of Fyllan in the same quarry. These 

specimens consist of 70 to 9% very fine to--medium crystalline calcite, 

in which very f'ine to very coarse sand-si~e grain:s . of quartz, feldspar, 

and fossils are thinly scattered. 

There are four distinct types of authigenic calcite crystals in 

Fyllan and WFY. Following the classification of Folk (1965) they are: 

1. DN?B 
4
c Displacive and doubtfully neomorphic, fine to ·medium 

3 w 
bladed crust, crystals widening outward (Plate TI!:). 



2. DN?E2 Displacive and doubtfully neomorphic, very finely 

crystalline equant calcite (Plate lE). 

3. DNr.E
3 

Displacive and recrystallized, finely crystalline 

equant calcite. Also contains some DNr.B4 (Plate lF). 

4. N .E 
r 3 

Recrystallized, finely crystalline equant calcite 

(Plate lF). 
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Type 1 occurs coating about a third of the detrital grains. It 

is a.. crusrt :.: only one crystal thick and, like types 2 and 3 contains 

interstitial clay, strong evidence for its displacive character. It 

is possible that it could have been recrystallized from a previous 

calcite-impregnated soil ball plastered around the detrital grain such 

as those observed in Felton Cave (see page 43 ) . The crystals average 

15 microns wide and 50 microns long but range up to 30 microns by 90 

microns. The ratio of length to width s:tays the same. Gastropod shells 

show the same type of crust internally as well as externally. The 

crust is in contact with types 2, 3, or 4 and on some grains the crust 

does not completely surround the grain. 

Type 2 averages about 12 microns and bas an estimated standard 

deviation of 0.5¢ (moderately well sorted). The crystals are equant 

with simple boundaries and interstitial clay occurs between them. 

Careful etching in weak acetic acid produced the characteristic honey-

comb structure of the interstitial clay with cells of the same size 

as the calcite crystals. 
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Type 3 averages about 30 microns with an estimated standard 

deviation of 0.7¢ (moderately well sorted). Most of the crystals 

exhibit the same equant form as type 2 and interstitial clay is also 

present. About a fifth of the crystals in type 3 are elongate with 

length to width ratios of 3:1. Type 3 replaces and transects feldspar 

and quartz detrital grains. 

Type 4 contains subequant -.crystals of 50 to 60 microns with 

a standard deviation of 0.6¢. The crystals are clear with no inter

stitial clay and the boundaries are more complex than those of types 

2 and 3. Detrital grains, unsupported by each other, are sparsely 

scattered through the calcite. 

There are three ways in which authigenic calcite can form: 

1. It may be directly precipitated in a void, either primary or secondary; 

2. it can grow at the expense of an original matrix, by displacing or 

replacing it; and 3. it can grow at the expense of a previous authigenic 

mineral (e.g. calcite), either displacing or incorporating it. The first 

is recognized not only by its crystal shape and morphology but by the 

detrital grain-supported fabric of the rock. The second is recognized 

by the interstitial or incorporated original matrix and by the non-grain

supported fabric of the rock and by obvious replacement characteristics 

such as euhedral crystal faces against the material being replaced 

and incorporation of clay and organic matter originally held by the 

material being replaced. It may also transect detrital grains and 

fossils and occasionally form patches of crystals of one size or shape 
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in similar ma.terial of another size or shape. Both 2 and 3 may 

occur simultaneously. The process that produces the features 

exhibited by the third has been termed neomorphism by Folk (1965). 

Of the four types of authigenic calcite in Fyllan Cave, 

types 1, 2, and 3 are definitely displacive. Types 3 and 4 are 

definitely neomorphic and types 1 and 2 may be also. 

Types 2, 3, and 4 fit all of the criteria that Folk (1965) 

lists for recrystallized microspar and pseudospar. Folk draws the 

line between microspar and pseudospar at 30 microns so it is a moot 

point whether type 3, with an average size of 30 microns, is called 

one or the other. The ma.in point is that all the calcite is diagenetic 

and, types 3 and 4 at least and perhaps types 1 and 2, also are of 

neomorphic origin. Criteria for recognition of microspar and pseudo

spar are given in Table 3. 

If the authigenic calcite in Fyllan and WFY is the result of 

recrystallization, what was the original matrix and what did the pre

sent calcite replace? An answer to the first part of the question may 

be found by comparing the units with recrystallized calcite (WFY and 

3 and 5 in Fyllan) and those without (1, 2, 4, and 6 in Fyllan). Reference 

to Table 2 will show that units 1, 2, and 6 were deposited during a time 

when there was either no centralized entrance or a restricted one. The 

great ma.jority of the detrital material deposited in these three units 

is clay. Units 3 and 5 are torrenigenic sediments deposited when the 
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TABLE 3 

MICROSPAR AND PSEUDOSPAR CRITERIA* 

1. Crystal size between 4 microns 

and 30 microns. 

2. Standard deviation seldom 

exceeds 0.5¢. 

3. Crystals generally equant but 

sometimes loaf-shaped; bound

aries always simple, not 

interlocking. 

4. Relatively clear crystals. 

5. Occurs in non-grain-supported 

rocks. 

*After Folk, 1965. 

1. Crystal size > 30 microns. 

2. :r.By or may not be well sorted. 

3. Crystals equant or irregular; 

boundaries simple or complex. 

4. Generally clear-crystals 

5. Occurs in non-grain-supported 

rocks. 



entrance was open and unrestricted. By analogy with present-day cave 

deposits it is very probable that soil was the chief detrital material 

deposited in units 3 and 5. Subsequent to their deposition, carbonate

saturated groundwaters would percolate much more readily through the 

soil units than it would through the clay units. Hence the growth of 

authigenic calcite would be favored in the soil units. 

Unit 4 seems to be an exception to this generalization because 

it is relatively porous and contains only 5% authigenic calcite. How

ever, it does have a large amount of clay (45%) and this would hinder 

the groundwater circulation to some degree. WFY, although a tardigenic 

sed~ment, contains 7Cffo intraclasts. The spaces between the intraclasts 

would allow free circulation of groundwater. 

Now for an answer to the second part of the question--what 

did the present calcite replace? The interstitial clay between the 

individual calcite crystals is the only thing that remains of the 

original soil matrix. The recrystallized nature of the calcite 

necessitates that some authigenic material formed in the original 

soil :rm.trix and has since been completely consumed. Most probably its 

form was very similar to the 0.5 micron "dirty" calcite which makes 

up the majority of the authigenic material in Felton cave (see pages 

41-43). 
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Plate l 

A. Photomicrograph: Flat-bottomed calcite speleothem. Fyllan 
Cave, unit 4. Pl.8.ne light. 

B. Photomicrograph: Hornblende, showing post-depositional 
solution. Fyllan Cave, unit 5. Plane light. 

C. Photomicrograph: Metamorphic quartz. Fyllan Cave, unit 5. 
Crossed nicols. 

D. Photomicrograph: Microcline. Note replacement by calcite 
at lower left portion of grain. Fyllan Cave, unit 5. 
Crossed nicols. 

E. Photomicrograph: DN?B34Cw calcite and DN?~ calcite. 
Fyllan Cave, unit 3. Plane light. 

F. Photomicrograph: DNr.E3 calcite (lower half of photo) 
and Nr.E3 calcite (upper half of photo). Fyllan Cave, 
unit 5. Plane light. 
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Felton Cave 

Petrography. There are a few peculiarities in the Felton 

Cave sediment that ma.ke it worthwhile from a descriptive and theoreti

cal point of view; these will be discussed following a brief description 

of each unit and a history of its deposition (see pa.ges75, 80-8Land::·Fig.'rn). 

for a location ·and description of the cave). All clay percentages are 

the result of quantitative x-ray analysis and were obtained in the 

mnner described on pa.ge :66. 

Unit 1 is extremely poorly sorted and tightly cemented. It 

contains an abundance of detrital calcite and limestone rock fragments 

with varying amounts of speleothem fragments, bone, and quartz. The 

cements are ma.inly calcite and cellophane (see thin section descriptions, 

pages 95-97 and 105-lo6). Unit 1 lies directly on the limestone floor 

26 inches below the top of the cave fill. The presence of the colloform 

and massive cellophane cement and its equal thickness on all sides of 

the detrital grains (Plate 2B) indicates that during its formation unit 

1 was continuously wet if not completely submerged. If the sediment 

were not continuously wet it would be expected that the cellophane, 

particularly the ~ollof;orm variety, would form thicker coatings on 

the underside of the detrital grains, for this is where the precipitating 

fluids would be retained the longest. 

Unit 2 is mostly soil with a very high clay content (all 

kaolinite) and minor amounts of quartz silt and hydroxylapa.tite-coated 

limestone rock fragments (x-ray identification by J. F. Quinlan, Jr., 

Department of Geology, The University of Texas). A few calcite-cemented 



soil aggregates are also present (see thin section description, page 106). 

The abundance of kaolinite suggests that the unit was derived from soil 

formed under humid climatic conditions (see pages 63-73). 

Unit 3 is a soil containing a large amount of cl.8.y (about 

5C/fo kaolinite, 25-3C/fo illite, and 20-25% montmorillonite) with minor 

amounts of quartz silt, limestone rock fragments, detrital ca~cite, 

bone, and guano. 

Unit 4 is a soil with a large amount of bone and clay (50-55% 

montmorillonite, about 25% illite, and 20-25% kaolinite). Minor amounts 

of limestone rock fragments, detrital calcite, and quartz silt are also 

present. There are a few calcite-cemented soil and bone aggregates like 

those of unit 2. c14 
analysis of the contained bone date the unit at 

~ 7510 years. 

Unit 5 is a soil with a large amount of cl.8.y (about 5C/fo mont

morillonite, 20-25% kaolinite, 20-25% illite, and about 5% chlorite). 

Minor amounts of limestone rock fragments, detrital calcite, quartz silt, 

bone, and the above-mentioned calcite-cemented a ggregates are also present. 

Unit 6 is an uncemented soil much like the present surface soil. 

It contains a large amount of clay (60-65% montmorillonite, about 201/o 

kaolinite, and 15-201/o chlorite). Its minor detrital constituents are 

the same as those of the underlying unit. 

History and Climate. The detrital assemblage present in the 

sediment sequence of Felton Cave indicates that it was derived from the 

loca l Cretaceous limestone. No other rocks outcrop in the area and the 

·:·.:· , 
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cave lies on the flat divide between headwaters of the Devils and the 

Llano Rivers 30 miles southwest and 35 miles northeast, respectively. 

The nearest drainage is a dry creek 200 feet east and 50 feet lower 

than the cave entranc~. The well-rounded limestone pebbles in unit 1 

indicate that the creek not only contained water at the time of deposition 

of unit 1 but that it was probably in such a position that stream-worn 

pebbles could be deposited in the cave. The pebbles could have been 

deposited by gravity from a lag deposit on top of the hill above the 

ca\eentrance but the other evidence for a very wet depositional environ

ment makes the former interpretation more probable. 

Conditions during the deposition of units 2 through 6 were 

probably much the same as they are today, except for a progressively 

dryer and/or more seasonal climate towards the present as evidenced by 

the decrease in kaolinite towards the top of the section (see ~ges 63-73). 

Collophane concretions. Collophane concretions (Plate 2C) 

occur throughout most of the section in Felton Cave. They are most 

abundant in the two lower units and decrease in number towards the top 

of the sequence until none are present in unit 6. They vary in size 

from a few millimeters to a few inches. Most of the concretions have 

nuclei, either limestone or detrital calcite speleothem fragments, but 

there are all degrees of solution of the nuclei so that some concretions 

are completely hollow. Where the nuc1eus is present its outer surface 

to a depth of about L mm has been partially dissolved so that it is very 
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porous. This porous layer in the nucleus and the lack of calcite or 

other minerals from the limestone in the collophane suggests that the 

collophane was precipitated on the nucleus as a coating. The nucleus 

was dissolved later or perhaps in part contemporaneously with the 

precipitation of the coating. 

X-ray analysis by J. F. Quinlan, Jr., of the collophane 

coating showed it to be hydroxylapatite. The total thickness of the 

coating averages about 1 mm but is thicker ( up to 3 mm) when the 

nucleus is absent. There are three distinct layers present: an out

side gray film about 0.1 mm thick, a dark brown, resinous middle layer 

about 0.5 mm thick and a white, powdery, inner layer about 0.5 mm 

thick. The boundary of each layer is gradational with its neighbor 

and the three layers do not part from each other. The coating adheres 

very loosely to the limestone nucleus. 

It does not seem unusual to find authigenic calcium phosphate 

minerals in cave sediments considering how readily available the necessary 

elements are in the form of bone and anima.lexcremerit.. But to my know

ledge, no concretions of this type have been described from cave sedi

ments. Murray and Dietrich (1956) did describe layered beds of authigenic 

brushite and taranakite from Pig Hole Cave in Virginia. From the same 

cave, J. F. Quinlan, Jr. (1965, in preparation) has x-rayed and identified 

leucophosphite-coated silty illite concretions, the coatings of which 

were formed by alteration of taranakite. Phosphate oolites, nodules 
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and concretions have been described from many places other than caves 

and the literature is crowded with articles theorizing as to their 

origin (see especially Cayeux, 1939, 1941, 1950; Eisenberger, et. al., 

1939; Arnold, 1950; Hutchinson, 1950; McConnell, 1950; Jaffe, 1951; and 

Pettijohn, 1957). 

Altschuler (1965) describes cobbles of phosphatized limestone 

from the Bone Valley Formation in Florida that show two cycles of pre

cipitation and reworking. The original phosphate coating was precipi

tated on the limestone cobbles while the limestone was in a subaerial 

soil zone developed on a karst terrain. The concretions in Felton Cave 

are physically very similar to those described by Altschuler and the 

equivalent conditions of formation suggest that the two are genetically 

the same. 

Au~higenic calcite. Three types of cement occur in the sediments 

of Felton Cave: (1) collophane occurring as massive and colloform replace

ments and coatings, (2) relatively pure void-filling calcite, and (3) 

"dirty," 0.5 to 1.0 micron calcite with interstitial clay and organic 

matter. In the classification of Folk (1965) the latter two would be 

P.EB
14

c precipitated, aphanocrystalline to medium crystalline equant to 

bladed crust; and PD?E01 precipitated, doubtfully displacive < 1 micron 

to aphanocrystalline calcite, respecitvely. Generally, the "dirty" 

calcite was the first to form followed by the void-filling calc·ite .and then 

the collophane. 
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The udirty" calcite occurs as cement in soil aggregates in 

some of the upper units where no void-filling calcite is present. 

Where void-filling calcite is present there is a complete gradation 

in crystal size fiom the "dirty" calcite cemented soil aggregates 

into fine or medium crystalline void-filling calcite. The chronological 

sequence of the void-rilling calcite and the collophane, in places, has 

been interrupted by replacement of the collophane by calcite. This is 

f'urther complicated by the renewed growth of detrital calcite grains at 

the expense of the collophane. However, it is the two types of authi

genic calcite and their relationship to the general diagenesis of the 

cave sediments that is of the greatest concern here. 

A clue to the manner of formation of the "dirty" calcite can 

be found in the general fabric of the different units. In the top five 

units the authigenic calcite does not exceed 1% and is composed almost 

entirely of' the "dirty" calcite, with very minor amounts of void-filling 

calcite, cementing small aggregates of soil and bone. It is also present 

as coatings on individual pieces of bone and, in unit 1, as coatings on 

detrital grains. The appearance of this cement (Plate 2A) indicates that 

it did not form in the usual manner as directly precipitated void-filling 

or overgrowths, or as a replacement. If it had, it probably would not 

have the high clay and organic content shown by insoluble residue and 

would be composed of either larger subequant crystals or gradationally 

sized crystals (void-fillings and overgrowths), the smaller ones being 

nearer the surface of precipitation (B3.thurst, 1958). In thin sections 



FEL-lA and FEL-lB the appearance of the fabric is like the grumous 

texture (caliza grurnosa) described by Bonet (1952, p. 172 and Figs. 22, 

24, and 25) except tba.t in many places prima.ry voids contain no void

filling calcite or ba.ve not been completely filled by the void-filling 

calcite. 

The form, size, and distribution of the "dirty" calcite and 

its relationship to the general fabric of the rock and to the other 

authigenic calcites suggests the following interpretation of its origin. 

Soil aggregates, like the "peds" of Brewer (1964, pp. 134-140 and 

Chapter 15), composed of clay and organic ma.tter and soil adhering to 

detrital grains and bone have acted as hosts for the calcite crystals 

precipitated in the interstices between the clay and organic material 

within each aggregate or coating. The small size of the calcite makes 

it difficult to say whether the clay and organic matter has been 

incorporated within the calcite crystals, or merely shoved aside and 

left to lie in the interstices between crystals; but it appears to be 

interstitial. This "dirty" calcite represents the first stage in the 

cementation process. Combining the information gained from the Felton 

Cave cement and the observations on the Fylla.n Cave calcite it is 

possible to construct a theoretical diagenetic sequence of calcite 

in torrenigenic sediments (see page 48). 
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Plate 2 

A. Photomicrograph: "Dirty" calcite. Dark, "dirty" calcite 
appears to be plastered onto Sigmodon tooth and in inter
stices between lophs. Plane light. 

B. Photomicrograph: Collopbane cement (C). Note equal 
thickness on all sides of detrital grains. Crossed 
nicols. 

C. Photograph: Concretionary collopbane cru.sts. Top specimen 
shows dark coating with nucleus. Lower left contains no 
nucleus. Lower right is nucleus only, note lighter rim 
of partially dissolved limestone. 
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Miller's Cave 

Petrography. One sample was taken from each of three 

different units in Miller's Cave. For a description of the cave 

see pages 85 and 87 and Fig. 12. 

Unit 1 is moderately cemented with "dirty" calcite and con-

tains an abundance of limestone rock fragments and vertebrate fossils. 

Minor amounts of quartz, chert, feldspar, calcite, speleothem fragments, 

dolomite, muscovite, and clay (about 55% montmorillonite and 45% kao-: 

linite) are also present (see thin section description, pages 97-99) 

A c14 analysis of the contained bone places the age at 7200 ·±300 

years B.P. 

Unit 2 is soil with an abundance of clay (50-55% montmorillonite, 

3·0-35% kaolinite and 15-20% chlorite) and minor amounts of calcite, 

quartz, chert, orthoclase, bone, and detrital dolomite from the country 

rock. A few cohesive soil aggregates are also present (see thin section 

14 
description, page 108). A C analysis of charcoal from the base of 

the unit places the age at 3oo8 ± 410 years B2P. 

Unit 3 is soil with guano and a large amount of clay (about 

55% illite and 45% kaolinite) and smaller amounts of limestone rock 

fragments, quartz, chert, calcite, orthoclase, dolomite, microcline, 

and bone (see thin section description, page 109). 



History and Climate. The mineral assemblage present in 

Miller's Cave sediment is available from the Ellenberger limestone in 

which the cave is formed (Goldich and Parmelee, 1947, pp. 2014-2017). 

The morphology of the detrital minerals in the cave sediment is very 

similar to the detrital minerals in the Ellenberger Limestone. There 

is no evidence of reworking of the minerals by wind or water between 

the time of their release from the Ellenberger and their deposition as 

cave sediment. 

The cave lies on the slip-off slope side of a large inter

mittent stream, Honey Creek. The creek bed is about 1800 feet to the 

north and 115 feet lower than the cave entrance. It can be assumed, 

then, that Honey Creek had probably already cut down below the level 

of the cave when the ca:veentrance was formed at least 7200 years ago . 

This makes it possible to infer a maximum rate of downcutting of about 

one foot in 63 years. 

There is no appreciable change in the non-clay detrital 

assemblage that would indicate a climatic change. This is not unusual 

since all of the material was either derived from within the cave or 

brought directly into the cave from very nearby. The orthoclase grains 

do show a slightly higher degree of weathering in the lower part of 

the section than in the top. 

The change in relative percentages of clay types indicates 

a more humid climate during the deposition of the lower part of the 

section proceeding towards a dryer climate today. According to 



48' 

Patton (1963) the presence of such vertebrate fossils as Synaptomys 

cooperi, Microtus ochragaster, Blarina brevicaud.a, Neotoma. florid.ana, 

and Ondatra zibethicus in the lower units also indicate that the 

climate was once more humid and cooler than it is today. 

Diagenetic Sequence of Calcite in Torrenigenic Sediments 

The first stage in the calcite cementation process of a 

torrenigenic sediment is represented in Felton Cave. In the uppermost 

units there is an essentially unaltered soil; in the middle units there 

are scattered soil aggregates which are cemented with the "dirty" cal

cite; the lower unit is tightly cemented with "dirty'' calcite and void

filling calcite. Theoretically, the cementation process ma.y stop here 

or it may continue. If it were to continue it would be expected that 

there would be renewed growth of the calcite crystals and a change in 

their morphology, i.e., recrystallization. The recrystallized calcite 

in Fyllan Cave represents a more advanced stage of ealcite authigenesis 

than that in Felton Cave. Thus, a combination of the information gained 

from the Felton Cave cement and the observations on the Fyllan Cave 

calcite makes it possible to construct a theoretical diagenetic sequence 

of calcite in torrenigenic sediments as shown in Table 4. Recrystallization 

of the original calcite precipitate need not take place. Just as in 

some marine limestones .a.uthigenesis ~y ·cease with a. filling of ;the 

pores in the original matrix. The very small sample of torrenigenic 



TABLE 4 

DIAGENETIC SEQUENCE OF CALCITE IN TORRENIGENIC SEDIMENTS* 

Stage Crystal Size Crystal Shape Process Occurrence 

1 

2 

3 

4 

5 

1/2 to 1 micron equant 

3 to 250 microns subequant 
to bladed 

10 to 15 microns equant 

about 30 microns equant to 
fibrous 

about 50 microns subequant 

Direct precipitation, 
possibly displacive 

Direct precipitation 

Recrystallization? 

Recrystallization 

Partly direct precipi
tation, partly recrys
tallization 

Soil aggregates and soil 
coatings on detrital grains 
act as host for cement. 

As void-fillings and as 
crusts on above mentioned 
aggregates or coatings 

Replacement of l? retention 
of interstitial clay 

Replacement of 1 or 3, 
retention of interstitial 
clay 

As void-fillings and as 
replacement of 1, 3, or 4, 
interstitial clay washed 
out. 

*Stages 1 and 2 can overlap in time. Stages 3, 4, and 5 represent a sequential process. 
Stage 4 calcite replaces and transects detrital grains. Stage 5 calcite contains 
detrital grains "floating" in it. 

+ 
\0 
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sediments that I have studied, fortuitously or otherwise, also 

emphasizes the theoretical aspects of this diagenetic sequence. 

The Red Clay Problem 

Bretz (1942, 1953, 1956, 1962, 1965; and Bretz and Harris, 

1961) has given more attention to the ever present red clay in caves 

than any other author. In his oft-quoted 1942 paper he uses the 

presence of the red clay to insert a third stage in cave development, 

modifying the original two-stage theory of Davis (1930). Throughout 

his studies of the geomorphic history of the Ozarks he uses the 

w~despread occurrence of the red clay in Missouri caves as evi-

dence for peneplanation. In Bretz' opinion the red clay represents 

the finer portion of surface soil filtered down through small openings 

and deposited in the cave during a time when the groundwater gradient 

was very low, i.e., during the end of a geomorphic cycle. His inter-

pretations as to the origin of the red clay seem perfectly reasonable 

and it is not my purpose here to argue with his interpretations of the 

conditions surrounding the deposition. I wish only to describe the 

few specimens I have examined. To my knowledge there have been very 

few mineralogical determinations of the red clay. Deike (1960) x-rayed 

three different clay samples from three caves in Missouri and found 

them to contain minerals identical to those present in insoluble 

residues of the limestone in which the caves are formed, viz., quartz, 

hematite, illite, and kaolinite. Helwig (1964, p. 10) found that, 
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" • . . a red unctuous clay similar to that described by Bretz . II 

from Caroll Cave, Missouri, was illite. Helwig also stated that a 

specimen of clay from a Pennsylvanian cave was analyzed as illite by 

Spiel, et. al. (1945). Deike also gives the only worthwhile physical 

description of the red clays that I have seen. He says that the 

largest grains in two of his samples do not exceed two microns and 

that they are probably either quartz or illite. Bretz gives no indi-

cation of the mineralogy of the red clays and only says that they 

generally lack lamination, are fine textured, and have no silt, sand, 

or gravel. He also does not give a reason for the red color of the 

clays. Deike attributes the red color of the sample from Money Cave 

to the hematite shown to be present by his x-ray analysis. 

Six samples from four different Central Texas caves were 

0 0 
analyzed on a General Electric XRD-6 diffractometer from 2 to 40 

2'9- at 1°/minute under nickel filtered copper Ko{ radiation. The 

samples were dry and unglycolated. Table 5 shows the results together 

with Deike's data. 

The two samples from Kothma.nn Cave were both taken from the 

upper level about 200 feet from the entrance. For a location and 

description of the cave see page 83.. Cave-fill sample KOT-Y is a 

bard, yellow clay with about 1% quartz and white chert grains up to 

0.5 mm. It contains orange limonite stains and invertebrate burrows, 

but no lamination. It occurs on the ceiling of the cave in slabs up 

to six inches thick. KOT-R is a hard, red clay with about 5% white 



TABLE 5 

RED CIAY X-RAY ANALYSES 

I 
Q) 

+> 
·ri 
~ 

i-t i-t O 
Q) Q) r-l 

Q) :>-, :>-, r-l 
Q) +> al al ·ri Q) 

•ri r-l r-l i-t +> Q) Q) +> 
' Q) N ~ Q) 0 ·ri +> ~ Q) •ri 
r-l +> ·ri rd +> rd S i-t •ri ·ri +> +> 
~ 

Q) i-t r-l Q) •ri Q) +> 0 C) ~ •ri ~ N & 0 x r-l x ~ r-l r-l ~ r-l 

~ ·ri ~ ·ri r-l ·ri 0 ..s:::: Cll r-l Q) 

Cave Cl'.l :::<: •ri :::<: s C) 0 O' H p:: 

TEXAS SAMPLES 
Kothmann Cave KOT-Y <4~ x x x x 

Kothmann Cave KOT-R <4Jy- x x x x 

Powell ' s Cave POW-H <'.~ x x x x 

Powell's Cave POW-L .::2r x x x x 

Diamond Cave DIA-R <~ x x x 

Tippit Cave TIP-R <'~ x x x 
MISSOURI SAMPLES* 

Bridal Cave A "~ x x x 

Money Cave B <:'.~ x x x x 

Bat Cave c ? x 

*After Deike, 1960, p. 10. \Jl 
f\) 
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chett quartz grains ranging up to 1.0 mm. Occasional calcite cement 

occurs in desiccation cracks but there is no lamination within the 

sample. It was taken from the floor where the clay is three feet 

thick. The yellow and red clays are not in contact with each other 

but the yellow clay is present on the ceiling directly above the red 

clay. The guanine is probably a result of recent contamination by bat 

guano. A colony of a few hundred bats lives in the cave at present. 

The two samples from Powell's Cave were both taken from the 

floor of the upper level of the cave. For a location and description 

of the cave and a location of the samples see pages 87 and 89. POW-H 

is a finely laminated red clay with abundant invertebrate burrows in 

the upper part. The clay particles exhibit a slight degree of orientation 

parallel to the bedding. The sample contains about 2% quartz ranging up 

to 0.05 mm and 1% plant fragments. There is also a snall amount of cal

cite cement. The unit from which the sample was taken is about six 

inches thick. POW-L is a finely laminated pink clay with about 4% 
quartz ranging up to 0.04 mm and 1% plant fragments. The clay particles 

are well-oriented parallel to the bedding. A snall amount of calcite 

cement is also present. The total thickness of the unit is about two 

inches. (For a more detailed description of these two units see thin 

section description PCM-LH, page 109 ). The upper unit lies in contact 

with the lower unit which rests on the limestone floor of the cave. 



The sample from Diamond Ca¥e was taken from the floor, a few 

inches below the top of the cave fill. For a location and description 

of the cave and a location of the sample see page 75 and Fig. 7. DIA-R 

is a red clay with about 1% quartz grains ranging up to 0.035 mm. 

Patches of calcite cement are present. The clay shows no lamination. 

The sample from Tippit. Cave was taken from a wall-pocket about 

four feet above the present floor. For a location and description of 

the cave and a location of the sample see page 87 and Fig. 14. TIP-R 

is a red clay with about 1% quartz grains ranging up to 0.08 mm. No 

lamination and no cement are present. 

Whether or not these samples are admitted to the suite of "red 

clays" depends on how far one is willing to extend the concept. Certainly 

their occurrence places them in the same genetic category, i.e., they 

are all what I have termed tardigenic cave sediments as opposed to 

torrenigenic. Four of the six conform closely to Bretz' description, 

(red, f.ine textured). The ma.in difference between these six samples 

and the three analyzed by Deike is the size of the quartz and chert 

grains and the presence of calcite cement. Neither of these properties 

is inconsistent with the concept of a red clay derived from an overlying 

soil layer and deposited by stagnant phreatic waters. If the water does 

not possess enough energy to keep the one micron clay in suspension it 

surely will not have enough to hold the quartz and chert grains derived 

f'rom the walls and ceilings of the ca.V'e. For that matter, there is no 

· . ·-. ::- • . 
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reason why we should not expect boulders of nodular chert to be mixed 

with the red clay where such chert is available. 

The cement would be expected to form after the cave is aerated 

since it is normal for calcite to precipitate in an air-filled cave. 

The carbonate-saturated waters could easily enter the clay along 

desiccation cracks. 

The universal constituent of all the samples studied, and of 

Deike's three samples, is quartz. This is to be expected since quartz 

is the most common insoluble mineral in limestones. The next most 

abundant mineral is kaolinite. This would normally be expected if the 

red clay were derived from a residual soil that had developed under a 

humid climate. The other clays, illite, mixed-layer illite, and mixed

layer montmorillonite-chlorite would not be expected if the red clays 

were derived from a soil produced under a humid climate. At least there 

should not be an abundance of them. 

No hematite was detected in any of the samples from Oentral 

Texas caves. Normally, : small amounts of hematite are not detected by 

x-ray analysis using copper radiation (Burkhardt, 1965, oral communi

cation) and only a very small amount, about 1/2%, would be needed to 

color the clay red. TIP-R.was x-rayed using iron-radiation. Such 

radiation would normally detect hematite and a very small peak was 

present on the x-ray trace. This indicates the possibility of a small 

amount of hematite. Treatment in hot HCl removed the red color of all 

the samples tested (including some surface soil samples and some 



torrenigenic samples). This would indicate that the red color is due 

to an iron mineral, probably either hematite or limonite. Small 0.2 

micron specks of an opa.~ue mineral are present in some of the samples 

but because of their minute size it is impossible to optically determine 

whether they are hematite or limonite. 

A more detailed analysis of the red clays is definitely needed 

to solve the problem of their origin and mode of deposition. 

Dolomite Silt 

A common ma.terial in Texas caves is a very fine, moderately 

sorted, silt-sized dolomite. It is found in numerous caves throughout 

the state. I have observed it in Kothma.n Cave, Ma.son County; Powell's 

Cave, Menard County; Felton Cave, Sutton County; Lost Gold Cave, Travis 

County; Cave X, Travis County; Iaubach's Cave, Williamson County, to 

mention a few, and it has been reported from many other caves. For a 

location and description of the first four caves see pages 75, 80, 81, 

83, 85-87, and 89. Cave X is two miles south of the city limits of 

Austin and one-half mile west of U.S. Highway 290 on the land of Silas 

Foster. Iaubach's Cave is one-half mile south of Georgetown, Texas, 

and beneath Interstate Highway 35. 

The dolomite silt seems to be restricted to no particular 

formation as it has been observed in caves formed in Ellenberger 

Limestone (Ordovician), Edwards Limestone (Cretaceous) and other 
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unnamed Cretaceous limestones. All of the caves in which it does occur 

are formed in limestones which contain dolomite. It is also aprarently 

not restricted to any particular type of cave or to Texas caves. Helwig 

(1964) notes the same type of dolomite silt from Carroll Cave, Missouri. 

Size analyses of three different samples from two caves 

(Powell's Cave and Lost Gold Cave) were ma.de. The data on these analyses 

are given in Table 6. In addition to these samples, two samples from 

Kothmann Cave and one sample from McNeil Quarry Cave (supplied by J. F. 

Quinlan, Jr.) were examined under the microscope. In all samples, the 

ma.terial is about 95% dolomite with minor amounts of quartz and calcite. 

The grains larger than +4¢ consist almost entirely of aggregates 

of dolomite crystals; a few of which contain minor amounts of calcite • 
.. 

The<4¢ fraction consists of individual dolomite crystals morphologically 

very similar to those in the limestone with possibly fewer euhedral 

crystals in the silt. The mode apparently represents the dolomite crystal 

size that is most abundant in the country rock. Examination of acetate 

peels of the country rock, of one thin section from a large aggregate 

of the material in Powell's Cave and the size analysis of the inter-

mediately altered material from the wall of Lost Gold Cave are evidence 

that this is the case. 

The method of formation of the material is not as evident as 

its provenance. It is obvious tbat selective solution has dissolved 

away the calcite from the partially dolomitized country rock·.and the 



TABLE 6 

GRAIN SIZE ANALYSIS OF DOLOMITE SILT 

Lost Gold Lost Gold 
Powell's Cave Cave Wall Cave Floor 

Mode(s) 5.55¢ (o.022mffi) 3.60¢ (0.082mm) 5.70¢ (0.019mm) 
3.75¢ (o.074mm) 7.50¢ (o.oo6mm) 

Median 5.80¢ (o.018mm) 3.80¢ (0.072mm) 4.20¢ (0.054mm) 

Mean 5.78¢ (O.Ol8mm) 4.02¢ (o.062mm) 4.10¢ (o.058mm) 

I 1. 24¢ ( 0. 425mm) 1. 67¢ ( o. 320mm) 2.02¢ (o.246mm) 

SkI 0.02 0.22 0.00 

Kc; 1. 51 1.20 0.82 
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dolomite crystals have fallen from the walls or ceiling or accumulated 

in situ on the floor. However, the chemical and meteorological con

ditions prevailing during forma.tionof the ma.terial are beyond the scope 

of this investigation. The only infornation that I can contribute to 

its genesis is the time of formation. That in Powell's Cave lies on 

top of and is not. mixed with a thick layer of "red clay." That in 

Kotbma.nn Cave is mixed with surface debris (soil and/or organic material). 

That in Lost Gold lies on top of the uppermost accumulation of breakdown 

as does that in Laubach's Cave. In other words, all of the dolomite 

silt was formed late in the development of the cave. This is not meant 

to imply that the same type of material could not be formed during an 

earlier stage of cave development and later dissolved or carried away 

in suspension. The problem remains open and is just one example of the 

lack of knowledge of cave sediments. 

Possible Algal Struct'Ures 

The presence of algae near the entrance o'f' :caves is a well-known 

fact to anyone who has been caving. Algae have also been found deep 

inside caves and well beyond the reach of light (Claus, 1959, 1962, 1965; 

Palik, 1960). Because of their concentration near the entrance algae 

will have their greatest influence on sedimentary processes in the 

torrenigenic sediments, but the possibility of their affecting carbonate 

deposition in speleothems deep within the cave should not be overlooked . 



In two samples from two different caves (Zesch Cave and 

Tippit Cave) structures resembling blue-green algae are present. 
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The sample from Zesch Cave (Plate 3A), even if it is algae, is not 

particularly astounding; the breakdown cone from which the sample 

was taken was probably well within the light zone when it was formed. 

A thin section (TIP-1) of the sample from the lower stream 

level passage in Tippit Cave (cqmplet~lyr.emoved from the light zone) 

shows structures similar to algal structures found in a travertine 

formed in a waterfall of a tributary to Bull Creek, Travis County, 

Texas (Plate 3B, C, D). 

An analysis of the water and scrapings from the cave wall 

near the sample locality by algologists at The University of Texas did 

not reveal any living algae. :rut> ·trie thin ' section from Tippit Cave shows 

stringers of calcite which appear completely anomalous to the rest of 

the structure. They do not conform to the surface of the pores in 

the speleothem as one might expect if they were nornal void-filling 

calcite. They transect both clay and other larger calcite crystal 

sequences. Their consistently flat bottoms are not always on the same 

side and in some, the calcite crystals have grown both ways from a 

flat plane (algal filament?). Their complete disregard for the 

normal sequence of growth of the speleothem infers that something 

other than the normal physical growth of the speleothem is responsible 

for their random orientation. 
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Plate 3 

A. Photomicrograph: Algal(?) structure from Zesch Cave. 
Splotches of calcite replacing algal(?) fragments. 
Plane light. 

B. Photomicrograph: Algal(?) structure from Tippit Cave. 
Crossed nicols. 

C. Photomicrograph: Algal(?) structure from Tippit Cave. 
Crossed :nicols. 

D. Photomicrograph: Algal structure from waterfall 
travertine. Crossed nicols. 
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Clay Minerals in Cave Sediments as Indicators of Climate 

Climates, Clays, and Caves 

Detailed climatic interpretations of the Pleistoceme and 

the Recent have previously been made almost solely with the aid of 

fossil vertebrates, invertebrates, and pollen. It would be helpful 

to provide a method of double-checking the climatic interpretations 

that is independent of fossils. This section is concerned with one of 

the possible methods: clay analysis of paleosols from caves. 

This method was suggested to me by Dr. E. L. Lundelius of 

the Department of Geology at The University of Texas. 

Preservation of fossil soils is not common, but caves do 

prov~de one of the few places where paleosols can be found. Once 

surface soils have accumulated in a cave, they are relatively free 

from any outside weathering. The ground water entering the cave 

through the overburden of country rock is generally already saturated 

with Ca and Mg by the time it reaches the cave and consequently does 

not appreciably leach the cave deposits (Kukla and Lozek, 1958). Since 

no vegetation can grow beyond the twilight zone, any alteration by 

humic acid is due entirely to those surviving acids brought into the 

cave by ground water from the surface, and is negligible (Kukla and 

Lo~ek, 1958). 
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The torrenigenic sediments from three Texas oave.s were analyzed 

for four types of clays: illite, chlorite, montmorillonite and kaolinite. 

Since illite and chlorite were completely absent from about half the 

samples, neither of them w.ere used in the climatic interpretations. 

Montmorillonite forms under chemical conditions very similar to those 

found in caves, i.e., alkaline waters and the presence of Mg, Fe, Ca, 

Na, and K (Keller, 1964), so it was not considered to be a reliable 

climatic indicator in cave sediments. Kaolinite forms under chemical 

conditions very different from those generally found in caves. Reiche 

(1945), Grim (1951 ), and Keller;· (1964) state that the formation of 

kaolinite requires acid waters, good drainage and thorough leaching. 

Grim (1951) also states that Ca retards or hinders the formation of 

kaolinite. A brief survey of the literature revealed no pH measure

ments of cave waters below about 7.3 and no cave waters that did not 

contain a large amount of Ca (see Holland et. al., 1964). Hence, of 

the four clay"'types, kaolitlite is the most likely one to remain 

unchanged after deposition in the cave. 

The relative abundance of kaolinite in soils is also a function 

of chemical weathering and hence reflects the prevailing climatic con

ditions. Ross (1943, p. 231) states, "Kaolinite is the common end

product resulting from several geologic processes and is especially 

characteristic of areas of deep and thorough weathering and of areas 

where leaching has been unusually effective." Ross and Hendrick (1945) 
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and Carroll and Hathaway (1954) found kaolinite to be an end-product 

of clay mineral development in limestone soils. 

Ana~ysis . of yiay ~inerals· 

Ca v:es Sampled. Friesenhahn Cave, Felton Cave, and Miller's 

Cave were chosen as sample caves for this study. For a location and 

description of the caves and a location of the samples see pages 

75, 80-82, 85, 87, 88. 

These three caves were chosen for the following reasons. 

(1) F.ach contains an abundance of fossil vertebrates and each fauna 

either has been thoroughly studied (Evans, 1961; and Patton, 1963) or 

is currently being studied. Interpretations of climatic conditions 

prevailing during the time of deposition of the sediment of each cave 

have previously been ma.de. This provided the necessary check for any 

interpretations to be ma.de from the x-ray analysis data. (2) Each cave, 

except Felton, bas two or more distinct stratigraphic units that have 

been defined by prev~ous workers. Thus, in Friesenhahn and Miller's 

it was possible to locate accurately and take samples from a unit that 

had already had climatic interpretations made about it. (3) The three 

caves are in different climatic zones today (Thornthwaite, 1948). 

Miller's Cave is almost due east of Felton Cave along a line essentially 

normal to the lines of equal rainfall, and Friesenhahn Cave is almost 

due south of Miller's Cave along a line essentially normal to the 

isotherms. 
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Method. Samples were shaken for 15 minutes in a Ro-Tap to 

obtain the<44 micron fraction. This fraction was then suspended 

in 1000 ml of distilled water and at the appropriate time (see Folk, 

1961, p. 39) 50 ml of the suspended sample, containing the <2 micron 

fraction, were drawn off. This portion was then concentrated by 

evaporation in those samples where the <2 micron fraction was small, 

so that when the sample was pipetted onto a glass slide the amount of 

clay on each slide would be fairly uniform. The slides containing 

the clay were then glycolated for an hour and a half at 60° centigrade, 

and analyzed on a General Electric XRD-6 diffractometer with nickel 

filtered copper Ko< radiation. 0 0 All samples were run from 2 to 15 

2~ at a logarithmic scale of 100. 

The method employed in determining the relative percentages 

of each of the four clay minerals, montmorillonite, illite, kaolinite, 

and chlorite, is outlined in Schultz (1955, 1960, and 1964). Figs. 

3, 4, and 5 represent the final quantitative data. 

Interpretations 

In both Felton Cave and Miller's Cave there is a general 

decrease in the relative percentage of kaolinite towards the top of 

the section. This would indicate a relatively drier climate towards 

the present. This interpretation is the same as that arrived at by 

Patton (1963) and Lundelius (oral communication) from a study of the 
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vertebrate fossils. Patton found such forms as 8ynaptomys cooperi, 

Microtus ochragaster, Blarina brevicauda, Neotona floridana, and Ondatra 

zibethicus in the lower unit in Miller~'s Cave. These forms do not 

live in the area today but are restricted to more northerly and easterly 

habitats where the climate is cooler and more humid. Lundelius' dis

covery of microtines in the lower unit in Felton Cave indicates that 

there, too, a more humid climate once prevailed. Friesenhahn Cave 

does not shaw the same pattern as the other two caves. In fact, there 

is a slight, but distinct, increase in the ~elative percentage of kaolinite 

towards tpe top of the section. This results in a climatic interpre

tation wh$ch conflicts with that ma.de from a study of the fossil fauna 

(Evans, 1961), viz., that the climate has become progressively drier 

up to the present. Evans also states, however, (p. 15)'.that units 2 and 

3 were deposited in a pond. This completely saturated state of the 

cave sediments in Friesenhahn may have contributed to the formation of 

illite and/or montmorillonite within the cave thereby decreasing the 

relative percentage of the kaolinite in the pond-formed sediments. 

In all three of the cave sediment sequences there is a slight 

decrease in the relative percentage of kaolinite in the middle of the 

section. In Miller's Cave it occurs in unit 2, in Felton Cave in unit 

4 and in Friesenhahn Cave in unit 3 (top). If the basis of my climatic 

interpretations is valid this would indicate a slightly drier period than 

the preceding or succeeding periods. In other words, the entire 

sequence from bottom to top would be interpreted as representing an 
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initially humid clima.te becoming progressively drier up to a time 

when the above mentioned units were deposited; then a light return 

to humid conditions and a progressive drying to the present. Whether 

or not this lessening in the relative percentage of kaolinite repre

sents the classic climatic optimum, or "al ti thermal" of Antevs (1955) 

is a moot question. The vertebrate fauna within the pertinent units 

do not indicate any climatic change and no other work has been done 

in Central Texas that would prove or disprove the existence of such 

a maximum dry period 4000 to 8000 years ago. Ma.rtin (1963) argues 

against an altithermal for the southwestern United States on the basis 

of pollen studies in parts of Arizona, New Mexico, Sonora, and 

Chihilah'ua., : but it does not seem valid to extend his interpretation as 

far as Central Texas. 

The unit in Miller's Cave that shows a decrease in the relative 

percentage of kaolinite has been dated by c14 
analysis of charcoal at 

3008 :!:410 years B.P. The unit in Felton which shows the kaolinite 

decrease has been dated by c14 analysis of the contained bone at 

> 7510 years B. P. The comparable unit in Friesenhahn Cave has not 

been dated but a date on the bone two feet lower is 7080:t150 years B.P. 

(All of the bone dates are minimal; Pearson, 1965, oral communication). 

The different dates are not incompatible with the interpretation of a 

similar cause for the three kaolinite-deficient units. If the low per-

centage of kaolinite was caused by a general drying-up of the climate 



over Central Texas, it would be expected that the drying would 

proceed from west to east. Hence the soil in the area of Felton 

Cave, 120 to 150 miles west of Miller's and Friesenhahn, would be 

the first to respond to this change. 

~g.e,stio.~s for Future Investigations 

72 

The following suggestions are intended to assist any future 

investigators who may attempt an analysis of clays from cave sediments 

with the aim of climatic interpretation. I hope that any potential 

studies will benefit by my hindsight. 

1. The net rate of accumulation of cave sediments is some

times slower than that of ordinary terrestrial sediments (one foot in 

7500 years in Felton Cave) and for this reason the samples should be 

chosen at much closer vertical intervals than usual, perhaps every 

two to four inches. 

2. Since "quantitative" clay analysis is still in its 

infancy it would be essential that more than one x-ray analysis be 

UBde of each sample and tbat replicate samples be taken. 

3. Kaolinite is the clay that has the least chance of being 

altered after deposition in the cave. For this reason it would be 

better to use the absolute amount of kaolinite present rather than 

the relative percentage. To do this the carbonate and organic matter 

must be extracted before x-ray analysis and the same amount of sample 

pipetted onto each slide. 
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4. If' more than one soil zone exists on the surface near 

the cave this surface soil sequence should be sampled and analyzed 

in the same rranner and with the same detail as the cave sediment 

sequence. 

5. The limestones in which a cave is formed should be 

analyzed for their clay content to determine the amount and kind 

of clay contributed by insoluble residu~. 
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APPENDIX A 

Location and Description of Caves Investigated 

Introduction 

Fig. 6 shows a location of the caves investigated within 

the state. The location of the samples within each cave is indicated 

on the map of the cave. All maps without a cited source are from the 

files of The University of Texas Speleological Society, The Texas 

Speleological Survey, or The Texas Speleological Association. 

Diamond Cave 

Diamond Cave is five miles southwest of the town of Pearl 

in Coryell County. It is in one of the many flat-topped hills capped 

by the Edwards Limestone (Cretaceous). The nearest stream is about 

one mile to the south. It is a single-level cave with 400 feet of 

low, wide passageway. The entrance is a vertical shaft 2 by 5 feet 

dropping 15 feet to the floor near the north end of the cave (see 

Fig. 7). 

Felton Cave 

Felton Cave is in the low-lying Cretaceous hills in southern 

Sutton County near the divide between the Llano River and the Devils 

River. It is on the Billy Galbraith:Ba.nch about 10 miles south of 
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1. Diamond Cave 

2. Felton Cave 

3. Friesenhahn Cave 

4. Fyllan Cave 

5. Kothma.nn Cave 

6. Lost Gold Cave 

7. McNeil Quarry Cave 

8. Miller's Cave 

9. Powell's Cave 

10. Tippit Cave 

11. Zesch Cave 
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TABLE 7 

LIDEND FOR CAVE MA.PS 

Passage outlines 

Level other than ma.in level, lower unless indicated 

Sharp drop in floor level in hachured direction 
(vertical distance in feet) 

Pit, depth in feet 

Dome, height in feet 

Domepit, height over depth in feet 

Slope, down in splayed direction 

large individual blocks of breakdown 

Masses of breakdown 

Sand, silt, or dirt 

Clay 

Guano 

Direction and course of water flow in permanent stream 

Ceiling height 

10 Depth below beginning point, usually entrance 

~0- Cross section of cave viewed in the direction shown by half
~"- barbed arrow (cross section rotated to the horizontal) 
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the town of Sonora. The cave is a complex, multileveled maze con-

taining about _two miles of passageway. The entrance is near the top 

of a hill some 50 feet above the bed of a dry creek. It is a collapsed 

sinkhole about 20 feet in diameter with a steep breakdown slope leading 

down about 50 feet to the floor of the entrance room. About half of 

the entrance room is filled with breakdown of various sizes (see 

Fig. 8). 

Friesenhahn Cave 

Friesenhahn Cave is on the Herbert Oliver Ranch in northern 

Bexar County about 21 miles north of San Antonio, Texas. It is in the 

rolling hills a few miles south of Cibolo Creek, a perennial stream, 

and on a divide between two of the Cibolo's tributaries. The cave 
:;· 

consists of a single room 60 feet long, 30 feet wide, and from 2 to 

6 feet high. At the north end of the room is an old, sealed entrance. 

The present entrance is a vertical shaft 10 feet in diameter that drops 

30 feet to the floor of the cave (see Fig. 9). The cave and its strati-

graphic units have been briefly described by Evans (1961). 

Fyllan Cave 

Fyllan Cave is in the northwest part of the city of Austin 

in the 6900 block of Balcones Trail. It lies on the edge of the Balcones 

Escarpment 310 feet above the Colorado River which is 1. 95 miles to 
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the southwest. It is one of several filled caves that were intersected 

by quarrying operations. A cross section 4 feet by 5 feet of a hori-

zontal passage of the cave is exposed in the wall of the quarry (see 

Fig. 10). 

Kothma.nn Cave 

Kothma.nn Cave is on the Dorothy Kothrna.nn Ranch f'ive : miles __ south-

west of the town of Mason, Mason County. It lies on the top of a high 

hill one-half mile south of an abandoned ranch house and 200 feet above 

and two miles west of Honey Creek. The cave contains about 400 feet 

of' : pa:s_~a.geway on two levels. The entrance is a vertical fissure which 

drops 10 feet to the top of a breakdown cone. The 20 foot high cone 

slopes steeply to the floor of the lower level. The dolomite silt 

samples were taken from the floor near the south end of the lower 

p:i.ssage about 300 feet from the entrance. The red clay sample was 

taken from the floor of the upper level about 200 feet east of the 

entrance. The yellow clay sample was ~ken from the ceiling at 

approximately the same place as the red clay. 

Lost Gold Cave 

Lost Gold Cave is on land owned by D. C. Travis just southwest 

of the city of Austin, Travis County. It is on a hilltop in the steeply 

dissected edge of the Balcones Escarpment about two miles southwest of 

the Colorado River. The cave consists of two small rooms, both of which 
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are almost entirely filled with breakdown. The entrance is a small 

fissure 2 feet by 5 feet that drops 4 feet to the floor of the first 

room (see Fig. 11). 

McNeil Quarry Cave 

The cave is in a limestone quarry at McNeil, Texas, in 

southern Williamson County. It is in the rolling hills of Lower 

Cretaceous limestone five miles south of Brushy Creek, an inter

mittent stream. The part that has not been obliterated by the 

quarrying operations consists of two small rooms. The first room 

is about 40 feet long, 30 feet wide, and 4 to 5 feet high. A low, 

wide crawlway leads to the second room which is about 20 feet long, 

15 feet wide, and 10 feet high. Natural breakdown and large blocks 

resulting from quarry blasts occur.: on the floor of both rooms. The 

horizontal entrance is about 3 feet by 4 feet and is part of a previous 

p:i.ssage that has been intersected by the quarrying operations. 

The dolomite silt sample was taken from the floor of the 

second room about 150 feet from the entrance. 

Miller's Cave 

Miller's Cave is on the Fay Miller Ranch about 13 miles 

southeast of the town of Llano in Llano County. It lies on the 

west slope of Riley Mountain at an elevation of about 1350 feet and 

about 115 feet above the nearby Honey Creek, a large intermittent 
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stream. It is formed in the Ellenberger Limestone of Ordovician age. 

The cave consists of one L-shaped room about 180 feet long, 20 to 60 

feet wide, and 20 feet high. At the north end of the room is a break

down cone, the result of a previous, sealed entrance. The present 

entrance is a 6 foot in diameter hole in the roof of the cave on 

the west side of the room. It opens onto another breakdown cone 

which slopes steeply to the relatively flat floor of the cave (see 

Fig. 12). Vertebrate fossils from the cave w.ere studied by Patton (1963). 

Powell's Cave 

Powell's Cave is on the Virgil Powell Ranch eight miles 

west of the town of Menard in Menard County. It lies beneath a 

local plain of Cretaceous rocks about three miles east of the nearest 

surface stream. The cave is an intricate, multileveled maze con

taining more than 9 miles of passageway. The entrance is a vertical 

collapsed sinkhole, 10 feet in diameter, which drops 15 feet to the 

top of a large, low breakdown cone (see Fig. 13). 

Tippit Cave 

Tippit Cave is in the impact area on the Fort Hood Military 

Reservation in eastern Coryell County. It is in one of the many flat

topped hills capped by the Edwards Limestone (Cretaceous). The dog

legged shaped hill in which the cave occurs can be located on the 

lower part of the North Fort Hood 7 1/2 minute topographic quadrangle. 

Owl Creek, an intermittent stream, is ope-half' mile to the north 
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and 150 feet lower than the cave. The cave is small with about 200 

feet of passageway on two levels. The lower level contains a running 

stream (see Fig. 14). 

Zesch Cave 

Zesch Cave is on the Kurt Zesch Ranch about four miles 

southwest of the town of Mason in Mason County. It is about half'way 

up the west side of a hill and some 70 feet above a dry stream bed. 

The form of the cave is very similar to Friesenhahn Cave. It is a 

single room, 55 feet long and 35 feet wide, varying in height from 

one to 15 feet. At the southeast end of the room is a cemented 

breakdown cone, the result of a previous, sealed entrance. The 

present entrance is a 2 foot in diameter hole in the roof which 

drops 15 feet to the top of another debris cone. This debris cone 

reaches and partially covers the older one (see Fig. 15). 
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APPENDIX B 

Thin Section Descriptions 

The ffrst four thin section discriptions are in "super detail" 

as outlined by Folk (1961, p. 130). Follawing these are less detailed 

descriptions of the other slides. The descriptions in each group are 

arranged in the same order as the discussion of the caves within the 

text. 

I. REFERENCE: FY-5A, Fyllan Cave, Kansan age based on contained 
vertebrate fossils, 26 to 36 inches below surface of cave· sediment, 
formed in Edwards limestone (Cretaceous). 

II. MEDASCOPIC PROPERTIES: very hard:, ealcite-cemented rock with 
layers of non-grain-supported rock alternating with layers of grain
supported rock; detrital material consists of vertebrate fossils, 
gastropods, quartz, chert, and feldspar; very poorly sorted. 

III. MICROSCOPIC PROPERTIES: 

A. Summary: well-rounded sand-size grains including nodules 
of hematite and pre-Pleistocene oyster fragments altered to quartz; 
12-micron, 30-micron, and 50-micron microspar and pseudospar is stained 
with a minor amount of hematite patchily distributed. 

B. Texture 
1. Fundamental end-members: 3afo detrital material, 7CP/o 

authigenic material. 

2. Fabric: detrital grain-supported layers alternating 
with non-grain-supported layers; extremely loose; porosity after 
cementation about 1%, before cementation unknown; a few elongate 
grains parallel to bedding. 

3. Grain Size of Detrital Material: 
a. Entire sediment: median 1.75¢, extreme range 6.0 

·to ·--4 .. 0¢, 16-84% range 4. 0-0. 0¢, extremely poorly sorted, unimodal. 

93 
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·'- · ,, b. Gravel fraction: l'c/o, median -1.5¢, extreme range 
-1 .• 0.to' -4.o¢, well-sorted. 

c. Sand fraction: Ba{o, median 1.5¢, extreme range 4.o 
to -1.0¢, very poorly sorted. 

d. Mud fraction: 8%, mostly silt. 

4. Grain Shape: 
a. Sphericity: compact-elongate to elongate; median 

size grains are more spherical than extremes; large grains (and fossils) 
are more platy to elongate; snaller grains are compact but angular. 

b. Roundness: most grains above silt size are well-
rounded. 

5. Authigenic Material: Calcite, 99'%, uniformly distributed; 
hematite, 1%, patchily distributed. 

C. Mineral Com~osition 

1. Detrital material: 
a. Quartz .~ 46% (point count); concentrated in layers 

along with other detrital material; median size 2.5¢, extreme range 
4.0 to -2.5¢, poorly sorted, unimodal; sphericity, compact; roundness, 
only about f!f1, of grains over 1. 0¢ are angular, remainder are well
rounded to very well-rounded; extinction type, about BC/fo show straight 
extinction, remainder show undulose extinction in one or more crystals; 
varieties, point count showed 79'% plutonic, 14% stretched metamorphic, 
6% recrystallized metamorphic, 1% vein; inclusions, most grains contain 
randomly scattered vacuoles, vacuoles along fracture planes and along 
contact planes between crystals noted in four grains, microlites noted 
in four grains, one grain containing rutile needles; derivation, 
F.dwards Limestone and Mesozoic, Paleozoic, and Pre-Cambrian rocks of 
the Llano Region. 

b. Chert: f!f1, (point count); concentrated in layers 
along with other detrital I1Bterial; median size -1.0¢, extreme range 
1.0 to -3.0¢, moderately sorted, unimodal; sphericity, compact; round
ness, about 1/2 of grains are very well-rounded, remainder are angular 
to very angular; varieties, all microcrystalline; derivation, F.dwards 
Limestone (angular) and Paleozoic and Mesozoic formations of the Llano 
Region (rounded). 

c • Feldspar .-: 2C/fo (point count); concentrated in layers 
along with other detrital grains; median size 1.0¢ (orthoclase larger 
than microcline), extreme range 4.o to -1.0¢, poorly sorted, unimodal; 
sphericity, compact to compact-elongate; roundness, all grains range 
from rounded to very well-rounded; alteration, range from moderately 
altered to extremely altered, calcitization is most prominent type of 
alteration, minor amounts of vacuolization and iron stain; varieties, 
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orthoclase about 7a{o, microcline about 25%, plagioclase about 5'/o; 
derivation, Mesozoic,. Paleozoic and Pre-Cambrian rocks of the Llano 
Region. 

d. Calcite: 12% (point count); concentrated in layers 
along with other detrital material; median size 0.0¢, extreme range 
3.5 to -1.0¢, very poorly sorted, unimodal; roundness, angular; over
growths, coatings of' hematite and calcJ.tr on about 1/2 of grains; 
derivation, F.dwards Limestone and broken speleothems. 

e. Limestone rock fragments .: &fa (point count); con
centrated in layers along with other detrital material; median size 
1.5¢, extreme range 2.0 to -1.0¢, moderately sorted, unimodal; sphe
ricity, compact to bladed; :roundness., wel:l.,;.r6urided; .alterat.ion; ;:par
tially altered to calcite; derivation, Edwards Limestone and Paleozoic 
and Mesozoic limestones of the Llano Region. 

f. Pre-Pleistocene fossil fragments; 7% (point count); 
concentrated in layers along with other detrital material; median 
size 0.0¢, extreme range 1.0 to -3.o¢, extremely poorly sorted, uni
modal; sphericity, compact to elongate; roundness, rounded to well
rounded; alteration, most grains almost entirely altered to chalcedony 
or macrocrystalline quartz, retention of shell structure in the form of 
streaks of calcite makes their identification possible, direction of 
alteration is apparent in only a few grains and is from the inside 
towards the outer edge, a few grains w~th hematite stain; derivation, 
F.dwards Limestone and Paleozoic and Mesozoic rocks of the Llano Region. 

g. Other detrital material:; hematite nodules containing 
quartz silt and varying in size from 2.0 to -1.5¢, some with calcite 
overgrowths; vertebrate fossils; fragments of speleothems, coarsely 
crystalline calcite, layers are one crystal thick precipitated as 
crusts on successive layers of sediment and as linings in voids. 

2. Authigenic material 
a. Calcite.: 99%; uniformly distributed;. 1 modal crystal 

sizes 6.4¢, 5.0¢, 4.3¢, extreme range 6.6 to 3.5¢, moderately well
sorted within each mode, trimodal; predates hematite. 

b. Hematite? l<{o; patchily distributed as coatings and 
stains; postdates calcite. 

14 
I. REFERENCE: FEL-lB, Felton Cave, '> 7'10 years based on C date of 
contained bone of higher level, 21 to 26 inches below surface of cave 
sediment, formed in unnamed Cretaceous limestone. 

II. MEGASCOPIC PROPERTIES: moderately cemented, containing poorly 
sorted detrital material of fossil bone, limestone, and calcite. 



III. MICROSCOPIC PROPERTIES: 

A. Summary: calcite and collophane cemented rock with minor 
amounts of quartz and calcite silt; cementation process has resulted 
in vaguely defined grumous texture. 

B. Texture: 
1. Fundamental end-members: 14% detrital material, 86% 

cement. 
2. Fabric: homogeneous; slight spreading during cementation; 

porosity, 15% after cementation and about 2CP/o before; orientation, 
bedding discernible by band of black material separating light tan 
layer from light brown layer. 

3. Gra;!nsize of detrital material: 
a. Entire sediment: median -1.0¢, extreme range 10.0 to 

-7.0¢, 16-84% range 5.5 to -3.0¢, extremely poorly sorted, unimodal. 
b. Gravel fraction: lCP/o, median -2.0¢, extreme range 

-1.0 to -7.0¢, extremely poorly sorted: 
c. Sand fraction: 8CP/o, median 0.0¢, extreme range 

4.o to -1.0¢, extremely poorly sorted. 
d. Mud fraction: lCP/o, very little clay. 

4. Grain Shape: 
a. Sphericity: noticeable high s~hericity only in 

detrital grains derived from the Cretaceous limestone. 
b. Roundness: same as sphericity. 

5. Authigenic Cement: calcite, 77%, uniformly distributed; 
collophane, 2CP/o, uniformly distributed; hematite, 3%, patchily distributed. 

C. Mineral Composition 

1. Detrital material: 
a. Calcite: 45% (point count); randomly scattered; median 

size 2.3¢, extreme range 9.0 to -5.5¢, extremely poorly sorted, unimodal' 
idiomorphism, "a .'f~ grains of dogtooth spar present; roundness, slit 
grains angular, . sand grains round; derivation, some of the larger grains 
are from broken speleothems, the sllt-sized grains could be wind-blown 
dust or where incorporated in collophane could have been brought 1n 
within animal feces. 

b. Quartz: none encountered during point count, makes 
up about 1-2% of detrital material; randomly scattered; median size 
7.0¢, extreme range 9.0 to 5.5¢, moderately sorted, unimodal; sphericity, 
compact; roundness, very angular; varieties, all single crystal straight 
extinction plutonic; derivation, Cretaceous limestone. 
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c. Limestone rock fragments: 501/:i (point count); randomly 
scattered; median size -1.5¢, extreme range 1.75 to -7.0¢, very poorly 
sorted, unimodal; spericity, compact to elongate; roundness, grains 
between 1.0¢ and 0.0¢ are well rounded, other sizes vary from round 
to angular; derivation, Cretaceous limestone. 

d. Vertebrate fossils: 5% (point count); randomly 
scattered; mostly small rodents; roundness, all pieces either retain 
their original shape o~ are angular broken fragments; alteration, 
small amount of calcite replacement; derivation, taphocoenotic 
accumulation. 

2. Cement: 
a. "Dirty" calcite: 69% (point count); uniformly 

distributed within soil peds; median crystal size l0.0¢, extreme 
range 11.0 to 7.5¢, unimodal; predates other authigenic material. 

b. Collophane: 201/:i (point count); uniformly distributed; 
yellow; isotropic; postdates "dirty" calcite. 

c. Void-filling calcite: 8% (point count); patchily 
distributed; median crystal size 6.0¢, extreme range 9.0 to 5.0¢, 
poorly sorted, unimodal; irregularly shaped; postdates "dirty" 
calcite. 

d. Hematite: 3% (point count); patchily distributed; 
last to form. 

14 
I. REFERENCE: MIL-1, Miller's Cave, 7200± 300 years based on C 
date of contained bone, 2 to 3 feet below top of section, formed in 
Ellenberger Limestone (Ordovician). 

II. MEDASCOPIC PROPERTIES: light tan, moderately cemented with 
abundance of limestone fragments and vertebrate fossils; a few 
broken speleothems and chert grains; very poorly sorted; grain 
size ranges from -6.0¢ to microscopic. 

III. MICROSCOPIC PROPERTIES: 

A. Sunnnary: very porous with fossil bone as its primary 
detrital constituent plus varying amounts of limestone, quartz, chert, 
calcite, and feldspar grains derived mostly from the Ellenberger 
J;.imestone. 

B. '·Texture: 
1. Fundamental end-members: 34% detrital material, 66% cement. 

2. 
cementation; 
orientation, 
to bedding. 

Fabric: homogeneous; possibly very slight spreading during 
porosity, about 15% before cementation, 7.5% after cementation; 
elongate grains and fossil fragments are generally parallel 



3. Grain size of detrital material: 
a. Entire sediment: median -1.0¢, extreme range 

9.0 to -6.0¢, 16-84% range 4.o to -4.o¢, extremely poorly sorted, 
unimodal. 

b. Gravel fraction: lC/fo, median -2.0¢, extreme range 
-1.0 to -6.0¢, extremely poorly sorted. 

c. Sand fraction: 85%, median 2.0¢, extreme range 
4.o to -1.0¢, extremely poorly sorted. 

d. Mud fraction: 5%, 19/20 silt and 1/20 clay. 

4. Grain Shape: 
a. Sphericity: noticeable high sphericity present only in 

detrital grains that were derived from the Ellenberger Limestone. 
b. Roundness: same as sphericity. 

5. Authigenic Cements: "~irty" calcite, 96%, uniformly 
distributed; void-filling calcite, 1%, patchily distributed; collophane, 
3%, patchily distributed. 

C. Mineral Composition 

1. Detrital material: 
a. Quartz: lC/fo (point count); randomly scattered; median 

size 3.5¢, extreme range 7.5 to 1.3¢, poorly sorted, unimodal; sphericity, 
compact; roundness, large grains are better rounded than small ones, 
most sand grains well rounded; about 1/2 of the grains show straight 
extinction and 1/2 have undulatory extinction plus two or more crystals; 
inclusions, most grains have vacuoles along cracks or plane of contact 
of individual crystals; derivation, Ellenberger L!Inestone. 

. b. Chert: lC/fo (point count); ra~omly scattered; median 
size -L.0¢, extreme range 3.5 to -3.0¢, moderately sorted, unimodal; 
sphericity, compact; roundness, very angular; inclusions, minor amounts 
of calcite randomly distributed; varieties, all grains noted are the 
microcrystalline variety but about 1/4 have individual crystals <l micron, 
the remaining 3/4 have individual crystals from 1 to 5 microns; derivation, 
Ellenberger Limestone. 

c. Feldsapr: no grains were encountered during point 
count, but feldspar makes up about 1-2% of the detrital material; 
randomly scattered; median size i.0¢, extreme range 4.o to 0.0¢, 
poorly sorted, unimodal; idiomorphism, 2 idiomorphic plagioclase 
grains noted; sphericity, compact to compact-elongate; roundness, 
angular to round; alteration, most~g.i"ainsare moderately weathered 
with no apparent difference in degree of weathering of different 
species; varieties, orthoclase, microcline, and plagioclase; deri
vation, Ellenberger Limestone. 
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d. Calcite: 5% (point count); randomly scattered; median 
grain size 1.0¢, extreme range 3.0 to -3.0¢, poorly sorted, unimodal; 
sphericity, compact to compact-elongate; roundness, round to angular; 
varieties, about half of grains show banding due to relative amounts 
of iron, the other half are nearly pure; derivation, banded grains are 
derived from broken speleothems, nearly pure grains could be either 
from Ellenberger Limestone or broken speleothems; 

e. Limestone rock fragments: 16% (point count); randomly 
scattered; median size -3.0¢, extreme range -1.0 to -6.0¢, poorly 
sorted, unimodal; sphericity, compact to elongate; roundness, angular; 
varieties, most grains are very fine grained, dense limestone, a few 
grains of algal limestone; derivation, Ellenberger Limestone. 

f. Vertebrate fossils: 52!fo (point count); randomly 
scattered; mostly SIIBll rodents; roundness, all pieces either retain 
their original shape or are angular broken fragments; alteration, 
alveoli and cracks in bone are filled with "dirty" calcite and 
occasionally with void-filling calcite, bone is not altered; deri
vation, taphocoenotic accumulation. 

g. Clay: 8lfo (point count); varieties, microscopic 
examination revealed only kaolinite thoagh x-ray analysis showed 
montmorillonite also; derivation, surface soils and/or Ellenberger 
Limestone. 

h. other detrital J1Bterial: traces of dolomite and 
muscovite. 

2. Cement: 
a. Calcite: 97% (point count); uniformly distributed; 

median crystal size 9.5¢, extreme range 11.0 to 6.5¢, well-sorted 
within each mode, bimodal; varieties, "dirty" calcite with clay and 
organic material J1Bkes up 99% of the calcite cement, crystal size 
ranges from 11.0 to 9.0¢ exhibiting very good sorting, the remaining 
1% is clear void-filling calcite wnich ranges in size from about 9.0 
to 6.5¢ and is less well-sorted; "dirty" calcite preceded void-filling 
calcite. 

b. Cellophane: 3% (point count) patchily distributed; 
yellow; isotropic; predates void-filling calcite, postdates or con
temporaneous with "dirty" calcite. 

I. REFERENCE: ZE-1, Zesch Cave, Wisconsin age based on vertebrate 
fossils, top one foot of old breakdown cone, formed in Smithwick 
Formation (Pennsylvanian). 

II. MEDASCOPIC PROPERTIES: light gray, moderately cemented with 
abundance of limestone fragments and vertebrate fossils, very poorly 
sorted; grain size ranges from 4 inches to microscopic. 
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III. MICROSCOPIC PROPERTIES: 

A. Summary: Silt and sand-sized ~etrital grains of quartz, feldspar, 
dolomite, chert, and fossil bone randomly scattered in a calcite and 
collophane cement with minor amounts of hematite stain. 

B. Tex;tu.r.e : 
1. Fundamental ffiid-~embers: 18% detrital material, 82% 

cement. 
2. Fabric: homogeneous; possibly slight spreading during 

cementation; porosity, 6% after cementation and about 15% before 
cementation; orientation, a few fossil long-bones are parallel to 
bedding, bedding is more discernible by indistinct alternating very 
porous layers and slightly porous layers. 

3. Grain size or detrital material: 
a. Entire sediment: median -1.0¢, extreme range 10.0 

to -7.0¢, 16-84% range 5.0 to -6.0¢, extremely poorly sorted, unimodal. 
b. Gravel fraction: 15%, median -4.o¢, extreme range 

-1.0 to -7.0¢, poorly sorted. 
c. Sand fraction: 75%, median 2.0¢, extreme range 4.o 

to -1.0¢, poorly sorted. 
d. Mud fraction: lo%, clay essentially absent. 

4. Grain shape: 
a. Sphericity: noticeable high sphericity present only 

in detrital grains derived from Smithwick or Ellenberger Limestone. 
b. Roundness: same as sphericity. 

5. Authigenic cements: "dirty" calcite, 65%, uniformly 
distributed; void-filling calcite, 15%, patchily distributed; 
collophane, 17%, uniformly distributed; hematite, 3%, patchily 
distributed. 

C. Mineral Composition 

1. Detrital material: 
a! Quartz: 15% (point count); randomly scattered; median 

size 3.5¢, extreme range 6.5 to i.0¢, poorly <Sorted, un;i.modal; , 
sphericity, compact; roundness, well-rounded to angular, sand-size 
grains generally well-rounded; most grains are single crystal straight 
extinction, a few show undulatory extinction in one or more crystals; 
inclusions, vacuoles are dominant; varieties, most are plutonic, a few 
metamorphic; derivation, Smithwick and Ellenberger Limestones. 

b. Chert: 3% (point count); randomly scattered; median 
size 2.5¢, extreme range 3.0 to 0.0¢, moderately sorted within each 
mode, bimodal; sphericity, compact to bladed; roundness, very angular 
to round; varieties, all are microcrystalline but about 1/4 are 
dolomoldic; derivation, Ellenberger Limestone. 

c. Fel~spa.r: about 4 to 5% total, point count produced 3% 
orthoclase, plagioclase and microline also present; randomly scattered; 



median size 4.o¢, extreme range 5.0 to 2.2¢, moderately sorted, 
unimodal; idomorphism, one idiomorphic orthoclase grain noted; 
sphericity, compa.Qt; roundness, round to angular; alterat!on, 
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most grains are :H'esh with little or no alteration, occasional hematite 
stain and clacite alteration; varieties, orthoclase, microline, and 
plagioclase; derivation, Smithwick and Ellenberger Limestones. 

d. Dolomite: 6% (point count); randomly scattered; 
median size 2.0¢, extreme range 3.0 to 1.0¢, well-sorted, unimodal; 
idiomorphism, most grains rhombohedral; roundness, angular; varieties, 
about la{o of the grains are zoned; derivation, Smithwick and Ellenberger 
Limestones. 

e. Limestone rock fragments: 3% (point count), the 
majority of limestone rock fragments are of cobble size (-6 to -8¢) 
and consequentl~ not included in thin section; randomly scattered; 
median size 2~~,extreme ~ange range 3.0 to 1.0¢, well-sorted, 
unimodal; sphericity, compact; roundness, round; derivation, 
Smithwick and Ellenberger Limestones. 

f. Vertebrate fossils: 64% (point count); randomly 
scattered; size varies, rodents, small and large carnivores, and 
artiodactyla; roundness, all pieces either retain their original 
shape or are angular broken fragments; alteration, small amount of 
calcite replacement; derivation, tapocoenotic accumulation. 

g. Other detrital material: glauconite, shale, 
tourualine, and dolomitic rock fragments are present in sma.11 amounts. 

2. Cement: 
a. "Dirty" calcite: 65% (point count); uniformly 

distributed; median crystal size 8.5¢, extreme range 10.0 to 6.5¢, 
poorly sorted, unimodal; predates other authigenic material. 

b. Void-filling calcite: 15% (point count); patchily 
distributed; median crystal size 3.3¢, extreme range 6.5 to 1.3¢, 
poorly sorted, unimodal; postdates cellophane. 

c. Cellophane: 17% (point count); uniformly distributed; 
yellow; iSCJtroplc; postdates "dirty" calcite. 

d. Hematite: 3% (point count); patchily distributed as 
stains and coatings; contemporaneous with or postdates void-filling 
calcite. 

I. REFERENCE: FY-1, Fyllan Cave, Kansan age, 36 to 49 inches below 
top of cave sediment, 2 feet north of FY-2, Edwards Limestone. 

II. MEGASCOPIC DESCRIPI'ION: hard and cohesive, finely laminated 
claystone, laminations very wavy and distorted; seams of darker clay 
surround polygonal chunks of original rock. 
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III. MICROSCOPIC DESCRIP'l'ION: 

A. Texture: median grain size 9.5¢, extreme range 11.0 to 5.0¢. 

B. C6mposition: 

1. lOCJ{o detrital material: 99'fo clay, montmorillonite; 1% silt, 
almost all quartz, single crystal straight extinction; traces of muscovite, 
garnet, magnetite, and orthoclase. 

2. Trace hematite stain. 

I. REFERENCE: FY-2, Fyllan Cave, Kansan age, 43 to 49 inches below 
surface of cave sediment, Edwards Limestone. 

II. MEnASCOPIC DESCRIPTION: finely laminated, hard mudstone containing 
quartz, chert, calcite, and minor amounts of bone and gastropod fragments. 

III • MICROSCOPIC DESCRIP'l'ION: 

A. Texture: median grain size 5.¢, extreme range 10.0 to 2 . 0¢, 
sorting bimodal with both clay fraction and silt fraction moderately 
well-sorted. 

B. Composition: 

1. lOCJ{o detrital material: 45% clay, 3/4 montmorillonite, 1/4 
kaolinite, trace chlorite; 25% quartz, 3/4 single crystal straight 
extinction, 1/4 strained composite, very well rounded to angular, few 
vacuoles; lCJ{o calcite, angular; 7% orthoclase, round to angular, 
moderately to extremely calcitized and vacuolized; 7% chert, well
rounded to very angular, half microcrystalline, half cbalcedonic; 
2% limestone, very well rounded; 2% silicified pre-Pleistocene, 
oyster fragments; 1% magnetite, very well rounded; 1% speleothem 
fragments; traces of fresh microcline, bone, and garnet. 

2. Trace of hematite stain. 

I. REFERENCE: FY-3, Fyllan Cave, Kansan age, 40 to 43 inches below 
surface of cave sediment, Edwards Limestone . 

II. MEnASCOPIC DESCRIPTION{ very hard, coarse grained, alternate but 
poorly defined grain-supported layers and authigenic calcite layers; 
large holes coated with spar and partially filled with mud; detrital 
component includes white chert, quartz, feldspar, and bone; slight 
parallelism of elongate and bladed grains. 
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III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size -1.0¢, extreme range 10.0 to -4.o¢, 
extremely poorly sorted. 

B. Composition: 

1. 2l/fo detrital material: 9/10 silt, sand, and gravel, 1/10 
clay, montmorillonite; 7Cffo quartz, few vacuoles, few microlites, 9/10 
single crystal straight extinction, 1/20 vein, 1/20 strained composite, 
all sand size very well-rounded; ll/fo silicified pre-Pleistocene oyster 
fragments; 4% chert, microcrystalline, very well-rounded; 4% magnetite; 
4% microcline, fresh to moderately calcitized; 2% orthoclase, moderately 
to extremely calcitized; 4% bone, 2% calcite; traces of garnet, plagioclase. 

2. Safa recrystallized calcite uniformly distributed, finely 
crystalline, finely crystalline calcite overgrowths on 3/4 of grains; 
trace hematite stain. 

I. REFERENCE: FY-4, Fyllan Cave, Kansan age, 36 to 40 inches below 
surface of cave sediment, Eiwards Limestone. 

II. MEDASCOPIC DESCRIPTION: poorly cemented pebbly sandstone with 
clay, quartz, feldspar, chert, and bone; poorly defined, alternating 
layers of grain-supported and non-grain supported sediment. 

III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size 1.75¢, extreme range 10.0 to -3.0¢, 
very poorly sorted. 

B. Composition: 

1. 95% detrital material: 45% clay, montmorillonite; 25% 
quartz, 4/5 single crystal straight extinction, 1/10 strained composite, 
1/10 vein, few bubbles, and microlites, very angular to very well-rounded; 
ll/fo silicified pre-Pleistocene oyster fragments; 8% calcite, angular; 
5% orthoclase, moderately calcitized and vacuolized; 3% limestone, 
very well-rounded; 2% speleothem fragments; 1% magnetite; 1% chert, 
microcrystalline; traces of microcline, fresh plagioclase, bone, 
dolomite, and hematite nodules. 

2. 5% cement: calcite, finely crystalline; trace hematite 
stain. 
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I. REFERENCE: FY-5B, Fyllan Cave, Kansan age, 16 to 26 inches below 
surface of cave sediment, Edwards Limestone. 

II. MEnASCOPIC DESCRIPI1ION: very hard, calcite cemented, sandy _apd 
silty; contains bone, gastropods, feldspar, chert, and quartz; some 
hematite stain. 

III. MICROSCOPIC DESCRIPI1ION 

A. Texture: median grain size 3.0¢, extreme range, 5.0 to 
-5.0¢, poorly sorted. 

B. Composition: 

1. lrfl, detri tal material: 7<:JI, quartz, few inclusions, 9/10 
over 4.o¢ very well rounded, 9/10 single crystal straight extinction, 
1/20 strained composite, 1/20 vein; l<:JI, orthoclase, 1/3 fresh, 1/3 
moderately calcitized, 1/3 extremely calcitized; trace microcline; 
5i silicified pre-Pleistocene oyster fragments; 5i calcite, angular; 
3i chert, microcrystalline, very well-rounded to angular; 3~ ma.gnetite; 
2i limestone rock fragments, very well-rounded; 2i bone; traces of fresh 
plagioclase, hematite nodules, hornblende, garnet, collophane, epidote 
and speleothem fragments. 

2. 9<:JI, recrystallized calcite, bimodal distribution 4.o¢ 
size succeeded by 5.0¢ size; trace hematite stain. 

I. REFERENCE: FY-6, Fyllan Cave, Kansan age, top 0 to 16 inches, 
F.d.wards Limestone. 

II. MEGASCOPIC DESCRIPI1ION: mudstone, finely laminated with minute 
specs of hematite sprinkled throughout; seams of darker clay surround 
polygonal chunks of main rock; minor amounts of calcite cement. 

III. MICROSCOPIC DESCRIPI1ION: 

A. Texture: median grain size 5.7¢, extreme range 9.0¢ to 3.0¢, 
poorly sorted. 

B. Composition: 

1. 9% detrital ma.terial: 65i clay, 1/7 kaolinite, 6/7 
montmorillonite; 25i quartz, 9/10 no inclusions, 1/10 vacuoles, all 
angular, 3/4 single crystal straight extinction, 1/4' strained composite; 
5i orthoclase, fresh to slightly weathered; 2i microcline fresh to 
slightly weathered; 2i hematite nodules; li glauconite; traces of 
tourn:6line, muscovite, and garnet. 

2. li cement: calcite, finely crystalline; trace hematite 
stain. 



I. REFERENCE: WFY, WFY Cave, Kansan? age, Edwards Limestone. 

II. MEUASCOPIC DESCRIPI'ION: Porous, calcitized claystone; cracked 
intraclasts filled with spar; spaces between intraclasts contain 
sma.11 amounts of silt grains; no discernable bedding or other 
parallel orientation. 

III. MICROSCOPIC DESCRIPrION: 
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A. Texture: median grain size 4.3¢, extreme range 7.5 to 3.3¢, 
poorly sorted. 

B. Composition: 

1. 1% silt and fine sand grains; 9/10 quartz, angular to 
subround almost entirely single crystal straight extinction; 1/10 
orthoclase, moderately to heavily calcitized and vacuolized; traces 
of microcline, ma.gnetite, and silicified pre-Pleistocene oyster 
fragments; 70% intraclasts; median size -2.o¢, well-rounded, squashed, 
entirely calcitized with 6.5¢ calcite crystals. 

2. Cement: 2gfo calcite, 5.o¢ fills desiccation cracks in 
intraclasts and some of space between intraclasts, 3.o¢ spar f'ills 
openings between intraclasts. 

I. REFERENCE: FEL-lA, Felton Cave, >7510 years, 21 to 26 inches below 
surface of cave sediment, Cretaceous limestone. 

II. MEUASCOPIC DESCRIPrIONS: hard, calcite, and collophane cemented 
conglomerate; containing limestone, speleothem fragments, calcite, 
and bone. 

III. MICROSCOPIC DESCRIPI'ION: 

A. Texture: median grain size -3.0¢, extreme range 5.0 to -6.5¢, 
extremely poorly sorted. 

B. Composition: 

1. 65% detrital ma.terial: 45% spe~othem fragments, bandP.d, 
calcite; 35% calcite, angular; 15% limestone, well-rounded, 3% bone; 
2% quartz, 9/10 single crystal straight extinction, 1/10 strained 
composite, very angular to angular; 5% individual peds, 1/2 bone 
nuclei, 1/2 calcite nuclei. 

2. 35% cement: 5af, collophane; 4af, void-filling calcite, 
medium crystalline; laf, "dirty" calcite, aphanocrystalline; trace 
hematite stain. 



I. REFERENCE: FEL-lC, Felton Cave, >7510 years, 18 to 21 inches 
below surface of cave sediment, Cretaceous limestone. 
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II. MEUASCOPIC DESCRIPTION: moderately cemented, porous containing 
quartz and calcite; authigenic collophane and calcite. 

III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size 4.3¢, extreme range 5.0 to -1.0¢, 
moderately well-sorted. 

B. Compositd.on: 

1. 3<fo detrital ma.terial: 6C!f:, calcite silt, angular; 4C!f:, 
quartz silt, angular, single crystal straight extinction. 

2. 97% authigenic ma.terial: 5C!f:, collophane; 5afo void-filling 
calcite, medium crystalline; traces of 11dirty11 calcite, aphanocrystalline, 
and hematite stain. 

I. REFERENCE: FEL-2, Felton Cave, > 7510 years, 18 to 21 inches below 
top of cave sediment, Cretaceous limestone. 

II. MEDASCOPIC DESCRIPTION: mostly soil with limestone, quartz, bone, 
plant fragments, and clay balls; a few soil aggregates cemented with 
calcite. 

III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size excluding bone 5.0¢, extreme range 
10.0 to -6.0¢, extremely poorly sorted. 

B. Composition: 

1. 9gfo detrital material: 95<fo clay, kaolinite; 2<{o clay balls, 
subround; 3<{o limestone gravel and quartz silt; almost all limestone gravel 
is coated with hydroxylapatite. 

2. l<{o "dirty" calcite cement, aphanocrystalline. 

I. REFERENCE: FEL-3, Felton Cave, > 7510 years, 13 to 18 inches below 
top of cave sediment, Cretaceous limestone. 

II. MEnASCOPIC DESCRIPTION: soil and guano with inclusions of silt; 
limestone, bone, and plant fragments in minor quantities. 



III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size excluding bone 6.0¢, extreme 
range 10.0 to 2.75¢, poorly sorted. 
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B. Composition: 10a1> detrital material: 95<{o clay; 1/2 kaolinite, 
1/4 montmorillonite, 1/4 illite; 4<fo silt; almost entirely quartz, single 
crystal straight extinction; l<{o bone, limestone and calcite. 

I. REFERENCE: FEL-4, Felton Cave ~ 7510 years, 10 to 13 inches below 
surface of cave sediment, Cretaceous limestone. 

II. MEnASCOPIC DESCRIPTION: soil with bone and minor amounts of lime
stone quartz and plant f~gments; some calcite-cemented aggregates of 
soil and bone. 

III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size excluding bone 5.0¢, extreme range 
10.0 to -5.0¢, extremely poorly sorted. 

B. Composition: 

1. 9g!, detrital ma.terial: 7a1> bone; 25<{o clay, 1/2 montmorillonite, 
1/4 illite, 1/4 kaolinite; 5<fo silt, sand, and gravel, 1/4 limestone 
fragments, 1/4 calcite, 1/4 silt size minerals ma.inly angular, single 
crystal, straight extinction quartz. 

2. l<{o calcite cement, apbanocrystalline occurring as coatings 
on bone and cementing above-mentioned aggregates. 

I. REFERENCE: FEL-5, Felton Cave, <.7510 years, 3 to 10 inches below 
surface of cave sediment, Cretaceous limestone. 

II. MEnASCOPIC DESCRIPTION: soil with limestone, quartz, bone, calcite, 
plant fragments, and aggregates of soil and bone cemented with calcite. 

III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size excluding bone 5.0¢, extreme range 
10.0 to -8.0¢, extremely poorly-sorted. 
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B. Composition: 

1. 9g!, detrital ma.terial: llfl, bone; Slfl, clay, 1/2 montmorillonite, 
1/4 illite, 1/4 kaolinite; rema.ining llfl, includes 9/10 quartz, silt grains, 
1/20 limestone pebbles, 1/20 calcite. 

2. l'li "dirty" calcite cement, aphanocrystalline, surrounding 
bone and as cement in above mentioned aggregates. 

I. REFERENCE: FEL-6, Felton Cave, < 7510 years, 0 to 3 inches below 
surface of cave sediment, Cretaceous limestone. 

II. MEGASCOPIC DESCRIPTION: soil with minor amounts of limestone, 
calcite, bone, quartz, plant fragments, and gastropod shell fragments. 

III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size excluding bone 1.5¢, extreme 
range 10.0 to -5.o¢, extremely poorly sorted. 

B. Composition: lOC/fo detrital nBterial: 2% bone; 9lfl, clay, 2/3 
montmorillonite, 1/6 chlorite, 1/6 kaolinite; renBining &fo includes 
1/2 quartz, silt, 1/4 limestone pebbles, 1/4 calcite sand and silt 
grains. 

I. REFERENCE: MIL-2, Miller's Cave, 3oo8±410 years, 0 to 12 inches 
below top of cave sediment, Ellenberger Limestone. 

II. MEGASCOPIC DESCRIPTION: mostly soil with chert, quartz, limestone, 
and minor amounts of bone and calcite. 

III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size 2.5¢, extreme range 10.0 to -2.0, 
poorly sorted. 

B. Composition: 

1. 9gl, detrital material: 85% clay, 1/2 montmorillonite, 
1/3 kaolinite, 1/6 chlorite; lC/fo calcite, angular; 3% quartz, 4/5 
single crystal straight extinction, 1/5 strained composite; 1% chert, 
angular, 4/5 microcry~talline, 1/5 chalcedony; 1% limestone; · 
rock fragments, angular; trace orthoclase, moderately weathered; 
traces of bone, plant fragments, and dolomite. 

2. 1% cement, calcite, very finely crystalline, uniformly 
distributed. 



I. REFERENCE: MIL-3, Miller's Cave, < 3008 years, Oto 12 inches 
below surface of cave sediment, Ellenberger Limestone. 
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II. MEnASCOPIC DESCRIPTION: soil with guano, limestone, chert, quartz, 
dolomite, bone, and wood. 

III. MICROSCOPIC DESCRIPTION: 

A. Texture: median grain size 0.0¢, extreme range 10.0 to :..5.0¢:, 
extremely poorly sorted. 

B. Composition: 100% detrital nBterial: 65~ clay, 1/2 illite, 
1/2 kaolinite; 15% limestone, angular; 6% quartz, 2/3 single crystal 
straight extinction, 1/3 strained composite; 5% chert, 1/2 micro
crystalline, 1/2 chalcedony; 5% calcite, angular; 2% orthoclase, 
fresh to moderately weathered; 2% dolomite; traces of microcline, 
bone, and plant fragments. 

I. REFERENCE: POW-LH, Powell's Cave, Recent?, see sample location 
Fig. 13, Cretaceous limestone. 

II. MEJJASCOPIC DESCRIPTION: 2 distinct layers; bottom part is silty, 
poorly cemented with calcite and finely laminated; top is hard, very 
finely laminated claystone with abundant worm burrows. 

III. MICROSCOPIC DESCRIPTION: 

A. Texture: bottom pa.rt: median grain size 6.5¢, extreme range 
10.0 to 4.6¢, sorting bimodal, moderately well-sorted in clay fraction 
and in silt fraction. Top pa.rt: median grain size 7.5¢, extreme range 
10.0 to 4.3¢, sorting bimodal, moderately well-sorted in clay fraction 
and in silt fraction. 

B. Composition: 

1. Bottom pa.rt - 90% detrital material: 95% clay, 4/5 mixed 
layer montmorillonite-chlorite, 1/5 kaolinite; 4% quartz silt, 9/10 
straight extinction single crystal, 1/10 strained composite; 1% plant 
fragments. Top part - 95% detrital material: 97% clay, 4/5 mixed layer 
montmorillonite-chlorite, 1/5 kaolinite; '2$ quartz silt, 9/10 straight 
extinction single crystal, 1/10 strained composite; 1% plant fragments. 

2. Bottom part - lC!{o calcite cement, very finely crystalline, 
concentrated near contact with top part, uniformly distributed. Top 
part - 5% calcite cement, very finely crystalline, uniformly distributed. 
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