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ABSTRACT 

Sixty-three samples of bentonite from the Ordovician 

and 3 from the Devonian of the eastern United States we re 

collected. Two samples from the Ordovician of Norway, and 

4 from the Cretaceous of Wyoming were secured from other 

individuals. 

The thorium, uranium, and potassium metal concentrations 

of these samples were determined by gamma-ray spectral and 

alpha eount-fluorometric uranium (only used on 3 Wyoming 

samples) techniques. The averages and ranges of these 

values are: 

Average 
Concentrations 

Ranges of 
Concentrations 

Thorium 22.5 ppm 7.2 -42 ppm 

Uranium 4.9 ppm 1.2 -20.9 ppm 

Potassium 4.4 pph 0.5 - 7.9 ppft 

Thorium/Uranium Ratio 5.7 0.94-20.8 

This data is interpreted in terms of the manner of formation 

and occurrence of the bentonites. It is concluded that the 

redox potential of the environment and the mineralogical 

composition of the bentonites are the dominant factors in 

controlling the concentrations and their ranges. A signifi¬ 

cant portion of the thorium and uranium is tied up in 

resistate minerals. 

The possibility of using the accessory zircons in 

bentonites for absolute age determinations was also explored. 

Criteria were set up to test the contemporaneous pyrogenic 



origin of all, or most, of the zircons in the sample. The 

main criteria were a simple restricted mineral suite con¬ 

sisting solely of pyrogenic minerals, and the character and 

habit of these minerals (they must show no effects of normal 

subaqueous transport). Several samples were tested, and one 

was found to satisfy all of the criteria. 

From the quantitative separation of a pure zircon 

concentrate from this latter sample an estimate was made of 

the amount of bulk bentonite necessary for various types of 

age determinations. Four to 5 kilograms of bentonite should 

yield approximately 300 milligrams of pure zircon, which is 

an adequate amount for radiation damage, and total lead- 

alpha count methods. About 20 kilograms is optimum for 

lead-206/lead-207 age determinations. 

A hydrocycIonic mineral separator is described which 

can readily handle samples of this size. 

Aside from the zircon a potassium-argon age may be 

obtained on the biotite. 



TABLE OP CONTENTS 

PAGE 

Introduction 

Definition of Bentonite 1 
Value of Absolute Age Determinations of 

Bentonites ...........   2 

Analytical Procedures    6 

Results and Discussion of Results 

Geochemical Data .     
Petrography .....    . . 
Quantitative Zircon Separation . . . . . 

Summary and Conclusions     . 

Bibliography ......   

Appendix 

Contents    
Introduction   
Data on Individual Localities and Samples 

9 
16 
17 

18 

20 

28 
30 
36 



ILLUSTRATIONS 

Figure page 

1 Histogram of thorium concentrations   10 

2 Histogram of uranium concentrations   11 

3 Histogram of thorium/uranium ratios ..... 12 

4 Histogram of potassium concentrations .... 13 

’ 5 Index map of localities in Alabama and 
Tennessee  31 

6 Index map of localities in Kentucky and 
Virginia ................. 32 

7 Index map of localities in Pennsylvania 
and New York    33 

8 Bentonite bed in the Bays formation near 
Vonore, Tennessee   40 

9 Bentonite bed in the Chicamauga limestone 
near Clinton, Tennessee     , 43 

10 Locality 5 ......     45 

11 Bentonite bed in the Chicamauga limestone 
near Dayton, Tennessee   30 

12 Locality 8   53 

13 Chattanooga shale bentonite at Locality 8 . . 54 

14 Locality 9  56 

15 Chattanooga shale bentonite at Locality 9 . . 57 

16 Franklin limestone quarry southeast of 
Nashville, Tennessee ....   59 

17 Benches formed by the T-2 and T-3 bentonites 
in the Franklin limestone quarry   60 

18 T-3 bentonite in the Franklin limestone 
quarry .........   6l 

19 T-2 bentonite in the Franklin limestone 
quarry   .    62 

20 T-3 bentonite southeast of Alexandria, 
Tennessee    66 



Figure 

21 Quarry west of Dowelltown, Tennessee . . . . 

22 T-3 bentonite in the quarry west of 
Dowelltown, Tennessee   

23 Locality 15 southeast of Shelbyvllle, 
Tennessee      

24 T-4 bentonite at Locality 15   

25 Bentonite in the Tyrone limestone south 
of High Bridge, Kentucky   

26 Bentonite in the Eggleston limestone at 
Hagan, Virginia   

27 Bentonite in the Eggleston limestone 
southeast of Jonesville, Virginia . . . . 

28 Bentonite in the Moccasin formation in 
Big Moccasin 'Gap, Virginia    

29 Bentonite in the Eggleston limestone (?) 
north of Rosedale, Virginia    

30 Bentonite in the Eggleston iimestone (?) 
north of Rosedale, Virginia ....... 

31 North limb of a small syncline southwest 
of Tazewell, Virginia   

32 Lonrer thick bentonite of the Eggleston 
limestone in the limb of the syncline 
shown in figure 31 .... .   

33 Upper thick bentonite of the Eggleston 
limestone in the limb of the syncline 
shown in figure 31   

34 South limb of a small syncline southwest 
of Tazewell, Virginia   

35 V-7 (?) bentonite north of Narrows, Virginia. 

36 Bentonite above V-7 (?) north of 
Narrows, Virginia . .    

37 Bentonite northeast of Staffordsville, 
Virginia   

38 Locality 24 near Catawba, Virginia . . . . . 

page 

68 

69 

71 

72 

75 

77 

79 

82 

85 

86 

89 

90 

91 

92 

95 

96 

98a 

99 



Figure page 
\ 

39 Bentonite in the Edinburg formation 
south of Lexington, Virginia  101 

40 Bentonites in the Martinsburg formation 
east of Mauzy, Virginia ......... 103 

41 Bentonites in the Martinsburg formation 
at Locality 27 southwest of Strasburg, 
Virginia ................. 105 

42 No. 1 (?) and No. 2 (?) bentonites at 
Locality 27   .......... 106 

43 Quarry north of Roaring Spring, 
Pennsylvania . ... . . . . , . , . . . . 108 

44 No. 0 (?) bentonite in the Salona limestone 
in the quarry north of Roaring 
Spring, Pennsylvania ........... 109 

45 Hanging wall of the quarry north of State 
Highway 866 at Ganister, Pennsylvania . . Ill 

46 Face of the quarry near Union Furnace, 
Pennsylvania ............... 113 

47 No. 5 bentonite in the Salona limestone near 
Union Furnace, Pennsylvania ....... 114 

48A Western quarry north of Oak Hall, 
Pennsylvania   . . 117 

48B Sketch of the western quarry north of Oak 
Hall, Pennsylvania, showing the position 
of the bentonites ............ 117 

49 Northeastern quarry south of Pleasant 
Gap, Pennsylvania ............ 119 

50 Entrance to the southwestern quarry south 
of Pleasant Gap, Pennsylvania ...... 120 

51 Bentonites in the Benner and Curtin lime¬ 
stones north of Beliefonte, Pennsylvania . 124 

52 Salona limestone north of Bellefonte, 
Pennsylvania   .    125 

53 Bentonite bed in the Trenton limestones 
north of Bellefonte, Pennsylvania .... 126 

54 Quarry at Salona, Pennsylvania   130 



page Figure 

55 Bentonites in the Salong limestone at 
Salona, Pennsylvania .   131 

56 Tioga bentonite in the Onondaga limestone 
south of Syracuse, New York  134 

Table 

1 Leaching Experiment Data   . 15 



-1- 

INTRODUCTION 

The objectives of this investigation were: (1) to 

study the thorium and uranium geochemistry of bentonites 

(2) to determine the feasibility of dating bentonites by 

means of their accessory zircons. 

Definition of Bentonite. - Ross and Shannon (1926) pro¬ 

posed the following definition of bentonite: 

’’Bentonite is a rock composed of a crystalline 
clay-like mineral formed by devitrification and 
the accompanying chemical alteration of a 
glassy igneous material, usually a tuff or vol¬ 
canic ash; and it often contains variable pro¬ 
portions of accessory crystal grains that were 
originally phenocrysts in the volcanic glass. 
These are feldspar (commonly orthoclase and oli- 
goclase), biotite, quartz, pyroxene, zircon and 
various other minerals typical of volcanic 
rocks. The characteristic clay-like material 
has a micaceous and facile cleavage, high bire¬ 
fringence, and a texture inherited from volcanic 
tuff or ash, and it is usually the mineral raont- 
morillonite, but less often beidelllte.” 

For the purposes of this investigation it is impor¬ 

tant to emphasize the genetic aspect of the definition, 

without specifying the clay mineralogy. Therefore the 

following definition of bentonite is used: Bentonite is 

any clayey material formed by the alteration of volcanic 

ash. The term ’’metabentonite” (Ross, 1928) is not used 

for these samples because they are not highly altered. 

Some of the samples are, however, from beds that have been 

sheared and deformed. The term potassium-bentonite as 

Vr
<r
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used by Weaver (1953) can also be applied to these samples 

since they generally contain 4-5$ potassium metal. 

Value of Absolute Age Determinations of Bentonites. - Ben¬ 

tonites are igneous (pyroclastic) in origin, but sediment¬ 

ary in their manner of occurrence. They are altered ash 

falls that have fallen into bodies of water, and have be¬ 

come a part of the sediments accumulating in that body. 

Thus, many of the recognized bentonites occur within sec¬ 

tions of fossiliferous sedimentary rocks. These same sec¬ 

tions are the basis for the stratigraphic time scale which 

has been built up on the basis of the fossil record and 

organic evolution. It is important to emphasize that many 

bentonitesoccur within these fossiliferous sedimentary 

sections, and that unlike many igneous rocks which have been 

used to date these sedimentary sections on an absolute 

basis, no cross-cutting relationships are required. In 

other words a single cross-cutting relationship can only 

yield a less-than and a greater-than age, whereas a benton¬ 

ite may yield an internal age. 

On a geologic time scale bentonites represent an in¬ 

stantaneous moment of time, and can be used as tools of 

precise isochronous correlation if traceable over the area 

of interest. On a local (state or province-wide) scale 

they have been so used as tools of precise correlation. 

On a regional scale they have been of great value in out- 
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lining and confirming general relationships9 hut precise 

correlation of individual beds has not been generally 

attained* 

Thus it appears that bentonites are an ideal medium 

for relating the absolute time scale based on radioacti¬ 

vity to the stratigraphic time scale based on organic evo¬ 

lution* Absolute dating should also be of great assist¬ 

ance in regional correlation where the identification of 

individual beds over great distances is difficult or im¬ 

possible* 

For this study it ms decided to determine if the 

accessory zircon in some bentonites would be suitable for 

age determinations* On a geologic time scale$ there is 

little doubt that the crystallization date of the indigen¬ 

ous zircon is equivalent to the deposition date of the 

ash fall* 

Through contemporaneous deposition and/or reworking 

and redeposition material of a purely volcanic origin may 

grade into ordinary sediments* Conceivably any detrital 

mineral could be present in bentonites besides the crystals 

indigenous to the volcanic ash. The problem then was two¬ 

folds (1) to set up a list of criteria by which it could 

be proven that the zircons in a particular bentonite are 

all indigenous; (2) to extract enough zircon for an age 

determination. If a bentonite did contain zircons from 
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another source they could only be older than the indigen¬ 

ous ones (excluding authigenic growth)* If a sample was 

thus only slightly contaminated it might still prove use¬ 

ful in setting an upper limit to the age of the bentonite. 

In this connection it is noteworthy that Weaver (1953) 

found that bentonite beds indicate a sudden peak of vol¬ 

canic activity* and that volcanic detritus is present in 

the enclosing rocks in amounts which decrease away from 

the bentonite bed. Perhaps on this basis it should be ex¬ 

pected that bentonite beds would be generally pure* at 

least at the base. 

The samples collected for this study all came from 

well known localities and beds* which have been previously 

identified. For this reason* and because bentonites can 

also be readily identified by other means* no thin sections 

of the clay were made or studied. 

The petrographic study thus consisted of an examina¬ 

tion of the accessory minerals which comprise the sand and 

silt (grit) sized fraction by ordinary optical means to 

determine if the zircons were all Indigenous. The method 

of extraction of the grit fraction* and of extraction and 

purification of the zircon concentrate are described under 

"Analytical Procedures." 

From the studies of Ross and Shannon (1926)* Ross 

(1928)* Ross and Hendricks (1945)* and others* the mineralogy 
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of bentonites has become known. A pure bentonite should 

contain a simple suite of minerals of a distinctive vol¬ 

canic origin such as: glass relicts (not expected in Paleo¬ 

zoic examples), quartz, sanidine, orthoclase, zoned plagio- 

clase, oligoclase, biotite, hornblende, pyroxene, zircon, 

and apatite. Furthermore these minerals should be dis¬ 

tinct in their habit (euhedral, zoned, etc.), and they 

should show no effects such as rounding or frosting due to 

transport. The presence of any minerals of a non-volcanic 

origin, such as those characteristic of a plutonic igne¬ 

ous, or raetamorphic environment might indicate that the 

zircon suite ms contaminated, since zircon is an ubiqui¬ 

tous accessory mineral. The major emphasis, however, was 

on the nature of the zircons themselves, and their uniform¬ 

ity. In studying the zircons some of the factors considered 

were: roundness, size, axial ratios, color, fluorescence, 

zoning, crystal habit, inclusions, birefringence, metami- 

city, and refractive indices. 

Other material present in the bentonites, such as 

lithic fragments, can be examined from a similar viewpoint. 

A further objective that could be accomplished from 

the examination of a large number of samples was to evalu¬ 

ate the general suitability of bentonites for age determi¬ 

nations, and to relate this suitability to features ob¬ 

servable in the field. 
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Finaliy* the possibilities of other methods of age 

determination* such as the potassium-argon method on 

biotite* might be evaluated, 

ANALYTICAL PROCEDURES 

In the collection of the samples burlap bags with 

polyethylene liners were used* and found to be excellent 

for this type of material. Each sample weighed 4-5 kilo¬ 

grams, Great care was taken in the sampling to secure 

fresh material* and to avoid mixing if more than one sample 

was taken from an individual bed. Every effort was made 

to avoid any contamination from the enclosing beds. 

The first laboratory operation was the crushing of 

about 1 kilogram of the sample for a gamma-ray spectrometer 

determination of the thorium, uranium* and potassium con¬ 

centrations (see Introduction to the Appendix for methods 

and errors); and an x-ray diffraction determination of 

the clay mineralogy. The material was crushed on a mul- 

lite bucking board* and sieved to approximately minus 1/8 

inch in a handmade polyethylene sieve. The crushed sample 

was then thoroughly mixed in a Fisher-Kendall mixer. The 

gamma-ray spectrometry and x-ray diffraction work were 

done by the Shell Oil Company through the courtesy of Dr, 

Charles E, Weaver. 

The next phase of the laboratory work was the separa- 
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tion of the sand and silt sized (grit) material from the 

clays* The samples were too large (4-5 kilograms) for the 

use of ordinary laboratory techniques. Therefore a special 

piece of equipment—a hydrocyclonic separator—was built 

for separation of the grit from the clays. The separator 

is virtually identical to one that is used by the Baroid 

Division of the National Lead Go. in their Houston pilot 

plant. The essential information concerning this separa¬ 

tor, and the cyclone itself were supplied to the writer 

through the courtesy of John w. Jordan and James L. McAtee 

of the Baroid Division, 

The separator consists of the following parts: (1) 

a 55-gallon polyethelene tank in which the sample is dis¬ 

persed, (2) a "Lightnin" stirrer for mixing and dispers¬ 

ing the sample; (3) a centrifugal pump developing 40-50 

psi for driving the dispersed sample from the tank through 

the cyclone; (4) a cyclone 1.5 inches in diameter and 10 

inches long to separate the dispersed sample into a grit 

underflow and a dispersed clay overflow; (5) a polyethe¬ 

lene bucket to catch the underflow and rubber tubing to 

carry the overflow back into the tank for recycling; (6) 

a heavy rubber hose running from the tank to the pump; (7) 

stainless steel pipe running from the pump to the cyclone, 

and including a pressure gage and a gate valve. 

The operation of the hydrocyclonic separator is done 
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in 3 parts. The sample was first.broken down and parti¬ 

ally dispersed in a Waring blendor, and then dispersed in 

the polyethelene tank in a 1^ solution of sodium oxalate. 

The dispersion was then run through the separator, includ¬ 

ing recycling, until all of the grit separated in the 

underflow. The third phase consisted of flushing the 

machine with fresh water to clean it and prepare it for 

the next sample. 

About 500 grams of grit, with some clay, were gener¬ 

ally obtained in the hydrocyclonic separation from each 

4-5 kilogram sample. 

The grit was then split into various fractions for 

petrographic examination, and concentration of the zircons. 

Bromoform was utilized for separation into light and heavy 

mineral fractions. A Frantz magnetic separator was used 

for separation into magnetic and non-magnetic fractions. 

The procedures used follow closely those of Hutton (1950), 

and Larson, Keevil, and Harrison (1952), All of the pro¬ 

cedures were repeated, sometimes several times, before 

final handpicking. 

In all of the analytical work care was taken to avoid 

any possible sources of lead contamination, which would in¬ 

validate an age determination. 
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RES ULTS AND DISCUSSION OP RESULTS 

Geochemical Data. - The data on each sample given in the 

Appendix are summarized in the histograms of figures 1, 2, 3, 

and 4. The thorium metal concentrations average 22.5 ppm, 

and range from 7.2 to 42. The uranium metal concentrations 

average 4.9, and range from 1.2 to 20.9. The potassium metal 

concentrations average 4.4, and range from 0.5 to 7.9. The 

thorium/uranium ratios average 5-7, and range from 0.94 to 

20.8. 
As determined by X-ray diffraction 59 of the samples are 

largely mixed-layer clays, and 10 are dominantly montmoril- 

lonite or kaolinite. 

Two major questions concerning this data are: 1) how do 

these values compare with those of other rocks, and what is 

the petrologic significance of the relationships; and 2) with 

what minerals, and in what proportions, are the radioactive 

elements associated in bentonites. 

A preliminary answer to the first question has been 

given by Adams and Weaver (1957), and Adams (personal commun¬ 

ication), with which the writer is in accord. A particularly 

noteworthy feature of bentonites is that they average about 

twice the thorium concentration of average igneous rocks and 

shales. The values and their ranges have been interpreted in 

terms of the probable original composition of the volcanic 

ash, the environment into which the ash fell (particularly in 

terms of its redox potential), and the mineralogic location 
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THORIUM METAL CONCENTRATION 
IN PARTS PER MILLION 

FIGURE 1.- Histogram of thorium metal concentrations. 
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URANIUM METAL CONCENTRATION 
IN PARTS PER MILLION 

FIGURE 2.- Histogram of uranium metal concentrations 
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FIGURE 3.- Histogram of thorium / uranium ratios. 
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PIGURE 4.- Histogram of potassium metal concentrations. 
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of the uranium and thorium. The enrichment of bentonites in 

thorium in comparison to primary igneous rocks is explained 

by the net loss in mass during alteration. The total amount 

of thorium is considered to remain approximately constant due 

to its insolubility and immobility. Uranium may be added or 

subtracted during alteration depending on whether the environ 

ment is reducing or oxidizing, respectively, Uranium is in¬ 

soluble in the reduced tetravalent state, but becomes soluble 

in the oxidized hexavalent state as the uranyl radical, UOg”* 

With thorium essentially constant, the thorium/uranium ratio 

is then an inverse function of the uranium concentration and 

the redox potential. 

A complication arises in this simple hypothesis if a 

major portion of the uranium is tied up in resistate minerals 

such as zircon, and is thus not affected by the environment 

as stated above. 

To elucidate this complication, which is essentially a 

restatement of the second question, a leaching experiment was 

initiated. It was hoped that by subjecting the sample to 

successively stronger acid leaches, and recording the amount 

of uranium removed in each, a quantitative estimate of the 

mineralogical sites of the uranium might be determined. The 

preliminary results of this experiment are given in Table 1. 

The samples included here are the extremes in uranium concen¬ 

tration. The results show that a major portion of the uran¬ 

ium is tied up in difficultly-soluble resistate minerals. 
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TABLE 1 

a a Assumed Uranium 
(l) (2) (3) in Resistates 

Sample 
Number 

1:1 HNO3 
Leach 

HF-HNOo 
Leach 

Gamma-Ray 
Determination 

in ppm of Total 
Sample 

GH-2 0.2 ppm 0.33 ppm 1.4 ppm 0.87 ppm 

GH-11 0.09 ppm 0.33 PPm 1.2 ppm 0.78 ppm 

GH-16 9.1 Ppm 4.6 ppm 20.9 ppm 7.2 ppm 

GH-25 0.6 ppm 3.9 ppm 10.5 ppm 6.0 ppm 

a. These values are the average of 3 fluorometric determi 
nations. 
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Sample GH-16 of the Chattanooga shale bentonite is excep¬ 

tional in that it manifests a strongly reducing environment, 

and thus contains an abnormal amount of readily-leachable 

secondary uranium. 

Another approach to this same problem has also led 

Adams and Weaver (1957)> and Adams (personal communication) 

to conclude that the resistates (specifically zircon) in 

bentonites may contain much of the uranium. This conclusion 

was arrived at by studying the thorium/uranium and zirconium/ 

uranium ratios, and the thorium, uranium, and zirconium con¬ 

centrations in various size fractions of a commercial Wyoming 

bentonite. 

Petrography. - Several samples were selected for petro¬ 

graphic examination to determine their suitability for age 

determinations. Separation of a pure zircon concentrate was 

also made if the sample was considered suitable. 

GH-14 was found to be suitable for the following reasons: 

l) It contained a restricted suite of accessory minerals 

diagnostic of a pyrogenic origin. Minerals such as kyanite, 

muscovite, and garnet - diagnostic of metamorphic or Plu¬ 

tonic igneous sources - were conspicuously absent. The na¬ 

ture of these minerals (fresh, euhedral-anhedral, angular) 

also indicated that they were not ordinary sedimentary detri- 

tals. 2<) The particular features of the zircons were especi¬ 

ally characteristic. The zircons were very euhedral, showed 

sharp crystal edges, and were uniformly flat (as evidenced 
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by the uniformity of the interference colors on prism faces). 

Where broken the crystals were very sharp and angular. 

The zircons did exhibit one peculiarity in that 

acicular, normal prismatic, and stubby crystals were all 

present. This might be explained in terms of several con¬ 

temporaneous volcanic sources. 

The zircons of this sample were thus judged to be 

indigenous to the ash. 

Quantitative Zircon Separation. - Three hundred 

milligrams of zircon concentrate were extracted from GH-14, 

which contained about 4.5 kilograms of bulk bentonite. It 

was estimated that this concentrate contained about 6 micro¬ 

grams of radiogenic lead by determining its uranium concen¬ 

tration by alpha counting, and assuming a thorium/uranium 

ratio of 1, and an age of 400 million years (Ordovician). 

To determine an accurate lead-206/lead~207 age by mass 

spectroscopy the sample must contain about 25 micrograms of 

lead. Thus about 20 kilograms of bulk sample are optimum 

for a lead-206/lead-207 age determination (Rankama, 1954). 

This difficulty can be surmounted by aggregation of petro- 

graphically suitable, and stratigraphically equivalent, 

samples. Three hundred milligrams of zircon are adequate for 

radiation damage (Holland and Gottfried, 1955j Palrbairn and 

Hurley, 1957) and total lead-alpha activity age determina¬ 

tions ,(Larsen, Keevil, and Harrison, 1952; Larsen, Waring, 

and Berman, 1953; Gottfried, Senftle, and Waring, 1956; 
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Webber, Hurley, and Fairbairn, 1956), 

SUMMARY AND CONCLUSIONS 

The bentonites of this investigation were found to con¬ 

tain the following average concentrations (as metals) and 

ranges of concentration of thorium. 

Average Coneentrations 

Thorium 22.5 ppm 

Uranium 4.9 ppm 

Potassium 4.4 pph 

Th/U Ratio 5*7 

uranium, and potassium: 

Ranges of Concentration 

7.2 - 42 ppm 

1.2 - 20.9 ppm 

0.5 - 7.9 PPh 

0.94 - 20.8 

This data is interpreted in terms of the manner of formation 

and occurrence of bentonites. The redox potential of the 

environment, and the mineralogical composition of the ben¬ 

tonites are the dominant factors in controlling the concen¬ 

trations and their ranges. 

The possibility of using the accessory zircons in ben¬ 

tonites for absolute age determinations was also explored. 

Criteria were set up to test the contemporaneous pyrogenic 

origin of all, or most, of the zircons in the bentonite. 

Several samples were tested, and one was found to be suitable. 

From the quantitative separation of a pure zircon con¬ 

centrate from this latter sample, an estimate was made of 

the amount of bulk bentonite necessary for various types of 

age determinations. Four to 5 kilograms should be adequate 
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for radiation damage and total lead-alpha count methods, hut 

about 20 kilograms is optimum for lead 206 / lead 207 deter¬ 

minations. Aggregate samples may also be used. Samples of 

this size can be readily handled in the hydrocycIonic sepa¬ 

rator * . 
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INTRODUCTION 

Data are given for each sample under the following 

headings; locality*, stratigraphy* field evaluation* refer¬ 

ences* geochemical data* and petrography (not given for 

each sample). 

Almost all of the localities have been previously 

described in the literature. However* all of them are re¬ 

described* and related to the cultural features existent 

in 1956, Most of them have been illustrated with color 

photographs. Figures 5* 6* and 7 are index maps showing 

the localities in the eastern United States, 

Under ''Stratigraphy” is given a description of the 

bed and the part(s) sampled. The position of the bed in 

the stratigraphic column is also given* generally accord¬ 

ing to the most recent reports. Wide use has also been 

made of the Geological Society of America^ correlation 

chart of the Ordovician of North America (195^) • There are 

also a few instances where older references are used as 

the authority* and a few where the stratigraphy is in 

doubt. Personal communications of current workers have 
•* * * 

also been included. 

From the field work an estimate has been made of the 

purity of the sample* and its utility for an age determina¬ 

tion, This estimate is given tinder "Field Evaluation*” 

as either excellent* good* or satisfactory. Some of the 
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factors considered in making this judgment were; color* 

luster* thickness of the bed* variations within the bed* 

amount of obvious grit, calcite, biotlte* the nature of 

the enclosing rocks (shale versus limestone)* and the 

.quality of the exposure. 

Under "References" are given those of immediate use 

in the sections on the locality and stratigraphy. 

The geochemical data given are thorium and uranium 

metal concentrations in parts per million, the thorium/ 

uranium ratio, and the potassium metal concentration in 

parts per hundred ($), All of the concentrations were 

determined by gamma-ray spectrometry, except samples 1, 

2, and 3 of the Wyoming bentonite. These latter concentra¬ 

tions were determined by the total alpha count—fluorometric 

uranium method described by Adams, Richardson, and Temple¬ 

ton (to be published), Adams and Pliler (1956), and 

Pliler (1956), 

The limits of error given for the thorium, uranium, 

and potassium concentrations are calculated from the stan¬ 

dard deviation formula. The limits of error given for 

the thorium/uranium ratios were calculated from the follow¬ 

ing formulas; 
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f X, A 2 

A £ * 
3L 

MbmvQt 

Axi 

f * tiioriuEs/temlwa ratio 

X^ * thorium concentration 

X2 * umniuD coMentratian 

AXn * standard deviations at a confidence level 
fc of 67^ 

Af * error in the thorluaAimniua ratio 

The geochemical data are summarised in Figures 1, 2, 

3 and 4* 

Under "Petrography" is given a description of the 

accessory minerals found in the sample. The interpretation 

of this description in terns of the suitability of the 

accessory sireons for an age determination is also given. 

Quantitative data on the amount of a specific mineral re¬ 

covered from a stated amount of sample ar© also given if 

bnoun* 
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Locality 1, - GH-1, GH-2 

Locality. - The exposure occurs in a railroad cut about 

400 yards northeast of the Ishkooda Mine No. 11, Wenonah 

Iron Mines, Tennessee Coal and Iron Company. The bentonite 

is exposed in the bank on the south side of the tracks. 

Ishkooda No* 11 is on Red Mountain, northeast of Bessemer, 

Ala. 

Stratigraphy, - This bentonite occurs in the base of 

the limestone of Trenton age (Middle Ordovician) within the 

Chicamauga limestone. The bed is about 20 inches thick and 

occurs between 2 massive limestone beds, each 2 to 3 feet 

thick, GH-1 was taken from the basal 6 inches of yellow 

crumbly clay. GH-2 was taken from the next 6 inches of ma¬ 

terial which is similar to that of GH-1 except that biotite 

is more plentiful in this zone. 

Field Evaluation. - GH-1 satisfactory 
GH-2 satisfactory 

Reference. - Butts (1926) 

Geochemical Data. - 

GH-1 

Th/U * 4.4 ± 0.4 

Th * 12.8 ± 0.5 ppm 

U - 2.9 ± 0.2 ppm 

K « 4.7+ 0,2 pph 

GH-2 

Th/U * 12.8 -±- 1.0 

Th = 17,9 -± 0.6 ppm 

U = 1.4 -±- 0.1 ppm 

K « 4.0 ±- 0.1 pph 
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Petrography. - GH-1 contained a considerable amount of 

grit, almost half of the bulk sample, but including a large 

unknown amount of clay. Quartz and feldspar, generally an¬ 

gular and anhedral but also rounded, were dominant. Light 

brown euhedral biotite is common, and provided an easy means 

of identification in the field. Magnetite and hematite- 

encrusted clay aggregates were present in the heavy mineral 

suite. Both colorless and yellow zircons were present in 

this sample. Both types, however, are distinctly euhedral. 

This sample will require more study, but appears to be 

suitable for an age determination. 
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Locality 2. - GH-6 

Locality. - One bentonite bed is exposed in an inactive 

quarry 1.5 miles south-southeast of Ragland, Ala. The sam¬ 

ple was taken at the northeast end of the quarry directly 

below a prominent protruding slab of limestone. 

Stratigraphy. - This bentonite is about 15 feet below 

the top of the Little Oak limestone, which is of Middle Ordo¬ 

vician Black River age. The bentonite is about 11 inches 

thick and forms a distinct reentrant between 2 massive lime¬ 

stone beds measuring several feet in thickness. The mater¬ 

ial is a gray-brown, unctuous clay containing biotite. 

Field Evaluation. - GH-6 good 

Reference. - Butts (1926, p. 113, 11*0 
Rosenkrans (1935* No. 64) 

Geochemical Data. - 

GH-6 

Th/U * 8.3 i 0.6 

Th » 28.9 ± 1.0 ppm 

U = 3.5 ± o.2 ppm 

K * 4.8 ± 0.2 pph 
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Locality 3. - GH-7, GH-8 

Locality. - The exposure occurs in a readout on a dirt 

road about 0.3 mile east of the road Intersection marked by 

BM 19 DS 809 on the Vonore, Tenn. topographic sheet 139 SW. 

This occurrence is on the south side of Bacon Bend on the 

Little Tennessee River southeast of Vonore, Tenn. 

Stratigraphy. - The bentonite is in the Middle 

Ordovician Bays formation, but at this locality it is over- 

lain by the Chattanooga shale. The bed is 12 to l4 feet 

thick and is thought to be the thickest and most eastern 

known occurrence. 

GH-7 was taken from the base of the bed which directly 

overlies a chert ledge as shown in figure 8. GH-8 was taken 

about 2 feet below the contact with the overlying Chattanooga 

shale. The material of both samples is fresh, light green as 

shown in figure 8 and contains abundant biotite. 

Field Evaluation. - GH-7 excellent 
GH-8 excellent 

Reference. - Maher and Tiedemann (1958# personal 
communication) 

Geochemical Data. - 

GH-7 

Th/U = 3.4 ± 0.2 

Th = 22.4 ± 0.8 ppm 

U » 6.6 ± 0.3 ppm 

K = 2.8 ±- 0.1 pph 

GH-2 

Th/U = 4.4 1 0.3 

Th = 27.6 ± 1.4 ppm 

U s 6.3 ± 0.2 ppm 

K = 3.5 ± 0.1 pph 
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FIGUHE 8.- Twelve to 14 foot bentonite in the Middle Ord©~ 

vielan Day© formation overlain by the Chattanooga shale. 

This bed la thought to be the thickest and most eastern 

known occurrence. Note the pale green color, and the 

chert ledge which underlies the bed and Is seen on the 

left In the photograph. The hammer Indicates the scale. 
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Locality 4. - GH-9, GH-10 

Locality." - Two bentonites are exposed in a continuous 

roadeut beside a dirt road on Lost Ridge on the south side 

of the Clinch River at mile 55 in Tennessee. These land¬ 

marks are shown on the Clinton topographic quadrangle map 

137 SW. The site is easily located by a "T" intersection of 

2 dirt roads. Sample GH-9 was taken about 50 paces east of 

this intersection, and sample GH-10 about 70 paces west of 

this intersection. 

Stratigraphy. - Both of these samples occur in the 

Lower and Middle Chicamauga limestone of Lower Middle Ordo¬ 

vician age. The beds dip to the east and the bed of sample 

GH-9 is younger than that of GH-10. In this area the Chica¬ 

mauga limestone is 1500-1800 feet thick and includes all of 

the Middle Ordovician. GH-9 and GH-10 are in the bottom 

third of this section. 

The bed of GH-9 is about a foot thick, and similar in 

character to that of GH-10, which is shown in figure 9. The 

bed of GH-10 is probably Jr-1 foot thick, and is composed of 

light green, unctuous bentonite. 

Field Evaluation. - GH-9 excellent 
GH-10 excellent 

Reference. - Maher and Tiedemann (l956> personal 
communication) 
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Geoohemloal Data. - 

GH-9 

Th/U » 5.2 ± 0.3 

Th * 19.3 ± 0.7 ppm 

U * 3.7 ± 0.2 ppm 

K ■ 2.1 ± 0.1 pph 

GH-10 

Th/0 = 5.5 ± 0.3 

Th « 21.9 ± 0.7 ppm 

U « 4.0 ± 0.2 ppm 

K * 3.5 — 0.1 pph 
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FIGURE 9.- Six to 12 inoh(?) bentonite of sample GH-10. 

Note the characteristic pale green color. The hammer rests 

on a chert bed below the bentonite. The massive protruding 

bed is limestone. 
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Locality 5. - QH-11 

Locality. - One bentonite is exposed in a field inside 

the road corner 2000 feet due east of a quarry on the east 

bank of the Emory River at mile 8.5 in Tennessee. This loca¬ 

tion can be found on the Harriman topographic quadrangle map 

123 NE. 

Stratigraphy. - This bentonite occurs at the contact of 

the Knox group and the Chicamauga limestone, that is, at the 

contact of the Lower and Middle Ordovician. It is a local 

deposit, and may have been deposited in a sinkhole developed 

in the Knox dolomite. The bed is pale green as shown in the 

right foreground of figure 10, and is 1-2 feet thick. The 

bed is part of a series of red to brown clays approximately 

100 feet in thickness which are also shown in figure 10. A 

small fault which offsets the bentonite is also shown. The 

dip of the beds is nearly vertical. 

Field Evaluation. - GH-11 excellent 

Reference. - Maher and Tiedemann (1956, personal 
communication) 

Rodgers (1953> Plate 7) 

Geochemical Data. - 

GH-11 

Th/U * 20.8 ± 3.6 

Th » 25.0 ± 0.9 PPM 

U a 1.2 ± 0.2 ppm 

K * 5.2 ± 0.2 pph 
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FIGURE 10.- The field in which the bentonite of GH-11 occurs 

is shown. The dip of the beds is nearly vertical. The 

pale green bentonite, 1 to 2 feet thick, is evident In the 

right foreground. It is offset by a small fault which runs 

directly back Into the picture, and is evident again where 

it passes near the person. 
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Locality 6. - GH-12, GH-13, GH-14 

Locality. - A bentonitic sequence is exposed in a ditch 

on the north side of the runway of the Roane County Airport, 

Tenn. The airport is shown in the southwest corner of the 

Harriraan topographic quadrangle map 123 NE beside Routes 27 

and 70. The locality was pinpointed on the topographic map 

as being directly on the 800 foot contour line, just north¬ 

west of the ,,27,, route sign. 

Stratigraphy. - The bentonitic sequence is about 60 

feet thick, and is within 200 feet of the top of the Middle 

Ordovician Chlcaraauga limestone. Within the 60-foot sequence 

there are 2 major beds, a 5-foot bed at the base and an 8- 

foot impure bed approximately 40 feet above it. 

GH-12 was taken from the basal 2 feet of the 5-foot bed, 

and GH-13 from the top foot. The material is pale green and 

fresh, 

GH-14 was taken from a zone of white to gray, pure 

material several inches thick containing abundant golden- 

colored biotite, from within the 8-foot bed. 

Chert underlies the material of GH-12 and GH-14. The 

general strike and dip is N50°E and 55°NW, respectively. 

Field Evaluation. - GH-12 excellent 
GH-13 excellent 
GH-14 excellent 

Reference. - Maher and Tiedemann (1956, personal 
communlcation) 
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Geochemical Data 

GH-12 GH-13 

Th/U = 6.3 ± 0.4 Th/U = 5.4 0.3 

Th = 24.1 ± 0.9 ppm Th 25.3 -h 0.9 ppm 

U 3.8 ± 0.2 PPm U 4.7 4- 0.2 Ppm 

K 4.4 Hh 0.2 pph K - 4.5 ± 0.2 PPh 

OH-14 

Th/U = 5.9 i 0.4 

Th - 21.1 ± 0.7 ppm 

U = 3,6 — 0.2 ppm 

K = 3.8 ± 0.1 pph 

Petrography. - GH-14 contains very fresh grains of 

angular quartz and feldspar. Light brown and golden biotite 

is very abundant. The plates are subhedral to euhedral, and 

show no effects of transport. Zircon and round grains of 

hematite are about equally abundant as heavy minerals. The 

zircons are clear or yellowish, and euhedral. Broken grains 

are also present. The crystal edges are sharp, and the zir¬ 

cons show no rounding. There is a peculiar assortment of 

stubby to acicular crystals, but all of them are uniformly 

euhedral. The zircons range in length from 0.1 mm to about 

0.5 mm. Several grains of dark brown, opaque, octahedral 

spinel (?) were also observed. 

300 milligrams of zircon were separated from about 4.5 

kilograms of bentonite (650 grams of grit). 
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This sample was judged to be suitable for an age 

determination. 
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Locality 7. - GH-15 

Locality. - One bentonite Is exposed In a railroad cut 

south of Dayton, Tenn., several hundred feet southwest of 

the point where the tracks cross Route 27. 

Stratigraphy. - The bentonite Is within the upper part 

of the Chicamauga limestone, Middle Ordovician, as designated 

by Rodgers (1953). The bed consists of a pale green, pure 

layer 8 inches thick, with a chert at the base. There is 

another 12 inches of bentonitic material above the 8-inch 

zone. GH-15 was taken from the basal 8-inch zone. 

The bed is illustrated in figure 11 where it occurs in 

the northwest bank of the railroad cut. The rocks strike at 

a small angle to the trend of the tracks, and dip steeply 

toward them so that the bentonite is exposed for a consider¬ 

able distance in the cut. 

Field Evaluation. - GH-15 excellent 

References. - Klepser (1956, personal communication) 
Rodgers (1953> Plate 12, page 9*0 
Rosenkrans (1935> No. 71) 

Geochemical Data. - 

GH-15 

Th/U * 6.4 ± 0.4 

Th * 25.5 ± 1.0 ppm 

U ** 4.0 ± 0.2 ppm 

K = 4.7± 0.2 pph 
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FIGURE 11.- Exposure of bentonite in the northwest bank of a 

railroad cut southwest of Dayton, Tennessee. The basal 8- 

inch zone of pale green, pure material is seen. The bed 

strikes at a small angle to the surface of the cut and dips 

steeply toward the observer. It Is exposed for a consider¬ 

able distance in the cut. 
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Locallty 8. - GH-l6 

Locality. - The Chattanooga shale bentonite Is exposed 

in a roadcut on Route 56 south of the Hurricane Bridge over 

the Center Hill Reservoir, Tennessee. The roadcut is on the 

east side of the road, at the bend at the top of the hill 

overlooking the bridge. 

Stratigraphy. - The bentonite occurs in the middle gray 

beds of the Dowelltown member of the U£per Devonian Chat¬ 

tanooga shale. The bed is about 1 inch thick at this local¬ 

ity and is bleached to a prominent buff color which makes a 

marked contrast with the enclosing black shale. It occurs 

approximately 1 foot below a prominent overhang of massive 

black shale (Oassaway member). Sample GH-16 was secured 

from this bed along a considerable length of the outcrop. 

Field Evaluation. - GH-16 good 

References. - Stock* 1956, personal communication) 
Hass 

Geochemical Data 

GH-16 

Th/U * 0.9^ i 0.04 

Th * 19.7 ± 0.7 ppm 

U * 20.9 ±0.5 ppm 

K » 6.0 dr 0.2 pph 
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Petrography. - GH-16 contains fresh angular quartz and 

anhedral feldspar. However, there are also some rounded 

and frosted quartz grains. Pyrite and hematite are the 

dominant heavy minerals. Zircons are present as a minor 

constituent of the heavy mineral suite, and are markedly 

euhedral. Stubby and normal prismatic crystals are common, 

but acicular crystals do occur. Broken crystals are also 

present. 
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FIGURE 12.- View of the roadcut on Route 56 north of Smith- 

vllle, Tenn. The bentonite is the prominent bleached 

layer (1 inch thick) about 1 foot below the overhang of 

the massive shale of the Gassaway member. The Fort Payne 

chert forms the top portion of the outcrop. 
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FIGURE 13•- Close-up of the bentonite bed at locality 8 
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Locality 9. - GH-25 

Locality. - The Chattanooga shale bentonite is exposed 

in a large roadcut on the north side of Route 26 about 3 

miles southeast of Dowelltown, Tenn. This roadcut is shown 

in figure 1:4in a view looking downhill, and to the west. 

Stratigraphy. - The bentonite occurs in the middle gray 

beds of the Dowelltown member of the Chattanooga shale. It 

is Late Devonian in age. The bentonite bed is about 1 inch 

thick, and forms a reentrant which is commonly saturated 

with water. The material is gray and contains abundant 

black biotlte flakes. 

Field Evaluation. - GH-25 satisfactory 

References. - Stockdale (1956, personal communication) 
Hass (1956) 

Geochemical Data. - 

GH-25 

Th/U ». 1.8 + 0.1 

Th = 18.9 ± 0.7 ppm 

U = 10.5 ± 0.3 ppm 

K = 5.6 ± 0.2 pph 
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FIGURE l4.~ View of the roadcut on the north side of Route 

26 about 3 miles east of Dowelltown, Tenn. The Chattanooga 

shale bentonite was sampled at the level indicated by the 

person. 
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FIGURE 15.- Close-up of the Chattanooga shale bentonite at 

locality 9. The bed is indicated by the penknife. 
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Locality 10. - GH-17, GH-19 

Locality. - Two bentonites are exposed in the Franklin 

limestone quarry about 11 miles southeast of Nashville, 

Tenn., off combined Route 4l and 70S, The quarry is shown 

in figures 16 and IT. 

Stratigraphy. - Sample GH-17 was taken from the T-3 

bentonite which occurs at the contact of the upper and lower 

members of the Carters limestone, Stones River group, Middle 

Ordovician. The bed is about 1 foot thick, and is generally 

white, but contains zones of iron stained and carbonaceous 

material, GH-17 was taken from the basal 9 inches. 

Sample GH-19 was taken from the T-2 bentonite which 

occurs within the massive lower member of the Carters lime¬ 

stone. The bed is about 5 inches thick and is a gray, 

unctuous clay. 

T-3 and T^-2 are shown in figures 18 and 19, respectively. 

Field Evaluation. - GH-17 satisfactory 
GH-19 good 

Reference. - Wilson (1948, p. 77, 1949) 

Geochemical Data. - 

GH-17 

Th/U = 2.1 + 0.1 

Th = 7.2 ± 0.3 ppm 

U = 3.4 ± 0.1 ppm 

K = 7.9 ± 0.3 pph 

GH-19 

Th/U = 9.6 ± 0.5 

Th - 20.2 i 0.7 ppm 

U = 2.1 ± 0.1 ppm 

K = 5.3 ± 0.2 pph 
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FIGURE 16.- View of the Franklin Limestone Quarry about 11 

miles southeast of Nashville, Tenn. off combined Route 4l 

and 70S. T-2 forms the second bench in the left center of 

the figure and is within the massive Lower member of the 

Carters limestone. T-3 forms the bench above it, separating 

the Lower Carters from the argillaceous Upper Carters. 
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FIGURE 17.- View of the benches shown in figure 16. T-2 

forms the bench in the foreground, and T-3 the bench above 

separating the Lower Carters from the Upper Carters. The 

massive character of the Lower Carters is evident in the 

15 - 20 foot face between the benches. 
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FIGURE l8.- T-3 Is shown directly behind the hammer. The 

iron-stained, streaked appearance of the bed is evident. 

The argillaceous character of the Upper Carters limestone, 

which overlies the bentonite, is also apparent. 



-62- 

FIGURE 19.- T-2 is shown as it occurs directly above the 

bench shown in the foreground of figure 17. The soft, 

gray bentonite is well shown to the right of the handle 

of the hammer. 
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Locality 11. - GH-20 

Locality. - A bentonite is exposed in a railroad cut on 

a spur line at South Carthage, Tenn. The cut is east of the 

bridge crossing the Cumberland River, and about 100 feet 

west of the point where the tracks cross Route 70N. 

Stratigraphy. - This bed is the T-3 bentonite of the 

Carters limestone, Stones River group, Middle Ordovician. 

The bed is about 7 inches thick, and is a sticky olive-brown 

clay. 

Field Evaluation. - GH-20 satisfactory 

References. - Maher (1956, personal communication) 
Wilson (1949) 

Geochemical Data. - 

GH-20 

Th/U - 5.4 =fc 0.3 

Th * 16.7 ± 0.6 ppm 

U * 3.1 ± 0.1 ppm 

K = 4.4 ± 0.2 pph 
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Locallts 12. - QH-21 

Locality. - The exposure occurs in a ditch beside a 

dirt road off Route 53# 2.7 miles south of the Cordell Hull 
•> 

bridge at South Carthage, Tenn, The locality lies at the 

crest of a small hill several hundred yards from the inter¬ 

section of the dirt road with Route 53. The dirt road leads 

to the right when coming from South Carthage. 

Stratigraphy. - This bed is believed to be either the 

T-4 or T-3 bentonite of the Carters limestone, Stones River 

group, Middle Ordovician. The bed is more than 2 feet thick 

and is a white-pale green sticky clay. The exposure occurs 

within an area mapped as Carters limestone by Wilson (194-9). 

Field Evaluation. - GH-21 good 

Reference. - Wilson (1949# including reconnaissance 
maps; This exposure was located by the 
author. 

Geochemical Data. - 

GH-21 

Th/U = 4.4 ± 0.2 

Th « 20.3 ± 0.7 ppm 

U * 4.6 ± 0.2 ppm 

K s 3.6 ±0.1 pph 
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Locality 13. - GH-22 

Locality. - The exposure occurs in a roadcut on the 

east side of combined Route 26 and 53# just beyond the Inter¬ 

section of Routes 26 and 53# about 1 mile southeast of 

Alexandria, Term. 

Stratigraphy. - This bed is the T-3 bentonite of the 

Carters limestone, Stones River group, Middle Ordovician. 

In figure 20 the massive Lower Carters is seen below the 

bentonite, and the argillaceous Upper Carters forms the 

slope above. The bed is 25-30 inches thick and is generally 

pale green. Calcite forms a large part of the bed. A dis¬ 

continuous chert layer caps the underlying limestone. GH-22 

was taken from the basal 15 inches. 

Field Evaluation. - GH-22 satisfactory 

Reference. - Wilson (1949# including reconnaissance 
maps) The exposure was located by the 
author. 

Geochemical Data. - 

GH-22 

Th/U = 5.4 ± 0.3 

Th ■ 14.6 ± 0.5 ppm 

U * 2.7 ± 0.1 ppm 

K * 4.8 ± 0.2 pph 
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FIGURE 20.- View of the T-3 bentonite of the Carters lime¬ 

stone in a roadcut on combined Route 26 and 53 about 1 

mile southeast of Alexandria, Tenn. The bed is 25 - 30 

inches thick and overlies the massive Lower Carters. 
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Looallty 14. - GH-23, GH-24 

Locality. - A bentonite is exposed at the top of a 

quarry on the north side of combined Route 26 and 53 west of 

Dowelltown, Tenn. The quarry is 0.6 mile southeast of the 

Junction of Route 26 and 53 with 96. A view of the quarry 

is shown in figure 21. 

Stratigraphy. - This bed is the T-3 bentonite of the 

Carters limestone, Stones River group, Middle Ordovician. 

The bed is about 12 inches thick and contains 2 distinct 

zones. GH-23 was taken from the lower 3-inch zone of deep 

green, gritty material. GH-24 was taken from a 3-inch zone 

of pale green, pure material overlying the basal zone. The 

upper 6 Inches was not sampled. 

Field Evaluation. - GH-23 satisfactory 
GH-24 good 

Reference. - Wilson (1949* including reconnaissance 
maps) This exposure was located by the 
author. 

Geochemical Data. - 

GH-23 

Th/U * 3.7 ±0.2 

Th s 15.3 ±- 0.6 ppm 

U » 4.1 ± 0.2 ppm 

K = 6.2 ± 0.2 pph 

GH-24 

Th/U = 11.8 ± 1.0 

Th = 30.6 ± 1.2 ppm 

U * 2.6 ± 0.2 ppm 

K * 4.4 ± 0.2 pph 
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FIGURE 21.- View of the quarry on the north side of Route 26 

and 53 west of Dowelltown, Tenn. The bentonite forms a 

reentrant at the top of the quarry above the massive, bluish 

Lower Carters limestone. The basal part of argillaceous 

Upper Carters is also exposed. GH-23 and GH-24 were sampled 

at the top left corner of the quarry. 
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FIGURE 22.- View of the T-3 bentonite at the top of the 

quarry shown in figure 21. The hammer indicates the scale. 

The 3-inch basal zone of deep green material is evident. 
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Locallty 15. - GH-26, GH-27 

Locality. - The exposure occurs in a drainage ditch 6.1 

miles southeast of the square in Shelbyville, Tenn,, on the 

north, or uphill, side of Route 130. The locality is about 

200 yards north of the junction of Route 130 with the White- 

side Hill road. It occurs below the crest'of a hill on a 

bend to the south as shown in figure 23. 

Stratigraphy. - This is the T-4 bentonite of the 

Carters limestone, Stones River group, Middle Ordovician, 

The bed is 21 inches thick and is composed of several zones. 

GH-26 was taken from the basal 6-inch zone of pure, pale 

green unctuous clay. GH-27 was taken from the overlying 5- 

inch zone of darker green, micaceous, sandy clay. The top 

10 inches, which grades into the overlying limestone, was 

not sampled. 

Field Evaluation. - GH-26 good 
GH-27 satisfactory 

References. - Bassler (1932, p. 66) 
Nelson (1921) 
Rosenkrans (1935, #53) 
Wilson (1949) 

Geochemical Data. - 

GH-26 

Th/U » ■ 4,1 i 0.2 

Th =16.7 ± 0.6 ppm 

U ® 4.1 + 0.2 ppm 

K = 5.7 ± 0.2 pph 

GH-27 

Th/U - 12.5 ± 1.1 

Th = 16.2 ± 0.6 ppm 

TJ = 1.3 i 0.1 ppm 

K = 6.0 :L 0.2 pph 
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FIGURE 23.- View of locality 15 looking toward Shelbyville, 

Tenn. The T-4 bentonite is exposed in the ditch beside the 

person. 
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i 

FIGURE 24.- Close-up of the T-4 bentonite at locality 15. 

The hammer rests on the underlying limestone. 
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Looality 16. - GH*29, GH-30 

Locality. - An excellent exposure occurs in a railroad 

cut, about 1.5 miles south of High Bridge, Ken. The bed xfas 

sampled 130 paces north of Bench Mark 840. 

Stratigraphy. - This bed is the equivalent of Wilson's 

(1949) T-4 bentonite. At this locality it occurs at the con 

tact of the Tyrone and Curdsville limestones. Elsewhere 

this bentonite occurs at a thin interval below the top of 

the Tyrone limestone, and therefore is a part of this forma¬ 

tion. The Tyrone is the upper division of the Middle Ordovi 

clan High Bridge limestone. 

The bed is about 30 Inches thick and is separated from 

the enclosing limestones by 1-2 inch chert layers at both 

the top and bottom. GH-29 was taken from a basal 5-inch 

zone of pale green, unctuous bentonite containing some bio- 

tite. GH-30 was taken from a second 5-inch zone, which con¬ 

sists of pale gray bentonite containing abundant biotite, 

and directly overlies the basal zone. 

Field Evaluation, - GH-29 excellent 
GH-30 excellent 

References. - MeFarlan (1943) 
Rosenkrans (1935) 
Wilson (1949) 
Wilmore, Ky. 7.5 minute topographic 

quadrangle map 
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Geochemical Data. 

GH-29 

Th/U - 3.2 + 0.2 

Th * l8.0 i 0.6 ppm 

U * 5.7 ± 0.2 ppm 

K * 6.4 £ 0.2 pph 

GH-30 

Th/U = 3.2^0.2 

Th * 18.8 £ 0.7 ppm 

U * 5.8 £ 0.2 ppm 

K * 6.7 0.2 pph 
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FIGURE 25.- View of the 30"inch bentonite exposed in a rail¬ 

road cut about 1.5 miles south of High Bridge, Ky. 
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Locality 17. - GH-31, GH-33 

Locality. - An excellent exposure occurs in the rail¬ 

road cut on the spur line at Hagan, Va, The cut is illustra¬ 

ted in figure 21A of Miller and Brosge (195*0. 

Stratigraphy. - The 2 thick bentonites of the Middle 

Ordovician Eggleston limestone were sampled. Both benton¬ 

ites are underlain by marked black cherts, and are separated 

by a 40-foot interval of limestone and mudstone. 

GH-31 was taken from the basal 6 inches of the 30-inch 

upper thick bentonite. The material is greenish brown and 

contains abundant fresh biotite. This bed is shown in figure 

26. 

OH-33 was taken from a zone from 7-12 inches above the 

base of the 27-inch lower thick bentonite. The material is 

greenish and appears to be purer than the rest of the bed. 

Field Evaluation. - GH-31 good 
GH-33 good 

References. - Miller and Brosge (1954) 

Geochemical Data. - 

GH-31 GH-33 

Th/U = 4.5 i 0.3 Th/U = 3.8 +0.2 

Th = 19.8 ± 0.7 ppm Th «. 22.4 + 0.8 ppm 

U » 4.4 + 0.2 ppm U « 5.9 ±0.2 ppm 

K = 3.9 i- 0.1 pph K = 4.2 iO.l pph 
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FIGURE 26.- View of the upper thick bentonite of the Eggleston 

limestone exposed in the railroad out at Hagan, Va. A 

2-inch black chert underlies the bentonite. The basal 6 

inches of this bed was sampled to the right of the person. 
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Looality 18. - GH-3^ 

Locality. - The exposure occurs in a gully on the 

northeast side of Route 798 (State Route 70) southeast of 

Jonesville, Va. The gully is 2.9 miles from the junction of 

Route 798 with Route 58, and 0.3 mile east of the Sewell 

Bridge across the Powell River. The gully is illustrated in 

figure 27. 

Stratigraphy. - This bed is the lower thick bentonite 

of the Middle Ordovician Eggleston limestone. The bentonite 

is about 2 feet thick, and GH-3^ was taken from the basal 

9 inches. The material is buff, pure, but contains no 

evident biotite. 

Field Evaluation. - GH-3^ good 

References. - Miller and Brosge (195^* p. 112) 
Rosenkrans (1935* #80) 

Geochemical Data. - 

GH-34 

Th/U » 3.4 ±0.2 

Th * 18.9 :t 0.7 ppm 

U * 5*8 ± 0.2 ppm 

K s 2.7 i 0.2 pph 
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FIGURE 27.- View of the gully southeast of Jonesville, Va. 

Route 79S is in the background. Chert caps the limestone 

on the right, and the gully is eroded in the bentonite. 
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Locality 19. - GH-35 

Locality. - A poor exposure occurs in a railroad cut 

about 1 mile east of Gate City, Va., In Big Moccasin Gap. 

It occurs about 50 paces east of the beginning of the rail¬ 

road cut. This cut is the second one about 300 yards east 

of the point where a new road (combined 58, 421, and 23) 

crosses the tracks via a bridge. 

Stratigraphy. - This bed is believed to be the V-3 

bentonite of the Middle Ordovician Moccasin formation, as 

defined by Rosenkrans (1935# 1936). It may be the lower 

thick bentonite of the Eggleston formation as defined by 

Miller and Brosge (195^). Red mudrock typical of the Mocca 

sin formation underlies the bentonite. The bed directly 

overlies a 1 inch gray, checkered chert. The bed is about 

2-3 feet thick and is composed of a series of intercalated 

bentonites and red shales. Sample GH-35 was taken from the 

basal 2 inches of light yellow, pure bentonite. This basal 

material is evident in figure 28. 

Field Evaluation. - GH-35 good 

References. - Rosenkrans (1935# 1936, #82) 
Miller and Brosge (1954) 
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Geochemical Data, - 

GH-35 

Th/U * 4,6 i 

Th = 21.8 £ 

U « 4.7 ± 

K • 3,3 ± 

0.2 

0.7 ppm 

0.1 ppm 

.0.1 pph 
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FIGURE 28.- View of the V-3(?) bentonite in a railroad cut 

in Big Moccasin Gap, Va. The basal light yellow zone 

sampled is seen to the right of the hammer. 
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Looallty 20, - GH-36, GH-38 

Locality. - The exposure occurs in a roadcut on the 

north side of Route 80, 0.9 mile north of Rosedale, Va. 

Stratigraphy. - Two thick bentonites occur in this 

roadcut which are believed to be the 2 thick bentonites of 

the Middle Ordovician Eggleston limestone as defined by 

Miller and Brosge (195*0. It is also believed that they are 

the 2 thick bentonites of the lower part of the Martinsburg 

formation as defined by Kay (1935, p. 235), Details of the 

locality are shown in figures 29 and 30. 

GH-36 was taken from the upper bentonite, which is 

about 36 inches thick where sampled. The sample was taken 

from the basal 6 inches of red-brown, waxy bentonite 

containing biotite. 

GH-38 was taken from the basal 3 inches of the 30-inch 

lower bentonite. The material is buff-olive, waxy, and 

contains biotite. 

Field Evaluation, - GH-38 satisfactory 
GH-38 satisfactory 

References. - Rosenkrans (1935, 1936, #88) 
Kay (1935) 
Miller and Brosge (195*0 
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Geochemical Data. - 

GH-36 

Th/U = 4.7 ± 0.2 

Th = 25.6 ±0.9 ppm 

U = 5.4 - 0.2 ppm 

K = 2.7i 0.1 pph 

GH-38 

Th/U » 7.2 i 0.5 

Th - 25.1 i 0.9 ppm 

U = 3.5 ± 0.2 ppm 

K » 4.2 + 0,2 pph 



-85- 

FIGURE 29.- View of the roadcut 0.9 miles north of Rosedale, 

Va. The red mudrock typical of the Moccasin formation is 

seen on the right. Approximately 30 feet above this mudrock 

is the lower 30-inch bentonite. The excavation for GH-38 

from this bed can be seen as a darker brown spot in the 

left-center portion of the photograph. 
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FIGURE 30.- View of a portion of the roadcut to the left of, 

and stratigraphically above, that part shown In figure 29. 

The hammer In the top right part of the photograph marks 

the 36-inch bentonite. This bentonite is approximately 60 

feet above the bentonite shown in figure 29. 
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Locality 21, - GH-39, GH-40, GH-41 

locality. - Two limbs of a small syncline are well 

exposed in a continuous roadcut on Route 16 southwest of 

Tazewell, Va. The section of interest starts about 1 mile 

south of the junction of Routes 16 and 19, on the south side 

of the bridge across Plum Creek, and continues southward for 

about 0.2 mile. 

Stratigraphy. - The 2 thick bentonites of the Middle 

Ordovician Eggleston formation, as defined by Cooper and 

Frouty (1943), were sampled. These beds and the cuneiform- 

jointed limestones associated with them are shown in figures 

31* 32, 33, and 34. 

GH-39 was taken from the basal 8 inches of the lower 

thick bentonite in the north limb of the syncline. Tie bed 

is about 40 inches thick where sampled. 

GH-40 was taken from the basal 5 inches of the upper 

thick bentonite, which is about 25 inches thick where sampled 

in the north limb of the syncline. 

GH~4l is a second sample of the upper thick bentonite, 

taken in the south limb of the syncline. The sample was 

taken from 7-12 inches above the base of a 30-lnch bed. 

These samples are generally buff-apricot, waxy, and 

contain biotite. 

Field Evaluation. - GH-39 good 
GH-40 good 
GH-41 good 
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Geochemical Data,. 

GH-39 

Th/U * 4.7 ± 0.3 

Th * 21.3 ± 0.7 ppm 

U - 4.5 ± 0.2 ppm 

K * 2.2 £ 0.1 pph 

GH-4O 

Th/U * 4.2 i 0.2 

Th * 25.8 ± 0.9 ppm 

U « 6.1 ^ 0.2 ppm 

K » 2.5 ±-0.1 pph 

GH-41 

Th/U a ■ 7.1 ± 0.5 

Th » 21.2 - 0.8 ppm 

U = 3.0 ± 0.2 ppm 

= 2.9 -± 0.1 pph K 
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FIGURE 31.- View of the north limb of the small synoline 

exposed along Route 16 southwest of Tazewell, Va. The 

red mudrock of the Moccasin formation outcrops along the 

road in the distance. The lower thick bentonite, illus¬ 

trated in figure 32 is exposed by the person. 
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FIGURE 32.- View of the lower thick bentonite in the north 

limb of the syncline shown in figure 31* The hammer rests 

on a chert capping the underlying limestone. 
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FIGURE 33.- View of the upper thick bentonite in the north 

limb of the syncline shown in figure 31. Note the massive 

cuneiform-jointed limestone above and below the bentonite. 
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FIGURE 34.- View of the south limb of the small syncline 

exposed along Route 16 southwest of Tazewell, Va. The 

lower thick bentonite is indicated by the shovel, and the 

upper thick bentonite by the person. 
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Locality 22. - GH-45, GH-46 

Locality. - The exposure occurs along Route 460, 1.75 

miles north of the bridge crossing New River at Narrows, Va. 

Stratigraphy. - Two bentonites were sampled, which are 

believed to be in the Middle Ordovician Trenton member of the 

Martlnsburg shale as defined by Rosenkrans (1935, 1936, #93). 

The lower bed sampled is thought to be the V-T bentonite, and 

the upper bed is thought to be the 8-inch bed x^rhich occurs 

16 feet above V-7. These beds are shown in figures 35 and 

36. None of the other beds described by Rosenkrans could be 

located because of subsequent slumping. The beds sampled 

may be a part of the Eggleston limestone as defined by Miller 

and Brosge (1954). 

GJIMJ-5 was taken from the V-7 (?) bed which is 10 inches 

thick, and is composed of typical olive-yellow, waxy benton¬ 

ite. GH-46 was taken from the bed above, which is about 7 

inches thick. The material is similar to that of V-7* but 

may be purer. 

Field Evaluation. - GH-45 satisfactory 
GH-46 satisfactory 

References. - Rosenkrans (1935, 1936, #93) 
Miller and Brosge (1954) 
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Geochemical Data 

GH-45 

Th/U * 6.7 ± 0.4 

Th « 34.8 ± 1.3 ppm 

U » 5.2 ±. 0.2 ppm 

K * 5.3 0.2 pph 

GH-46 

Th/U * 5.1 i 0 

Th * 26.3 ± 1 

U « 5.2 ± 0 

K * 5.6 + G 

.3 

.0 ppm 

.2 ppm 

.2 pph 
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FIGURE 35.- View of the V-7(?) bentonite I.75 miles north 

of the bridge across the New River at Narrows, Va. The 

sample excavation is indicated by the hammer. 
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FIGURE 36.- View of the bentonite 16 feet above V-7(?) 

north of Narrows, Va. The bed is indicated by the hammer. 

A prominent overhang of limestone occurs above the bentonite. 
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Locality 23. - GH-47 

Locality. - The exposure occurs in a readout on the 

north side of Route 730 about 1.6 miles northeast of 

Staffordsville, Va. The bentonite outcrops about 100 paces 

east of the "Y" fork in the road, the junction of 730 with 

622. 

Stratigraphy. - The stratigraphy of this bed is not 

known with certainty. It is probably ifithin the Middle 

Ordovician Moccasin formation as defined by Rosenkrans (1935, 

1936, #97). It may be in the Eggleston limestone as defined 

by Miller and Brosge (195*0 . I*16 ted overlies a chert and 

is about 10 inches thick as shown in figure 37. It is com¬ 

posed of soft, waxy, yellow-brown, micaceous bentonite. 

Other bentonites of a similar nature occur In this 

readout, ■ 

Field Evaluation. - GH-^47 satisfactory 

References. - Rosenkrans (1935, 1936, #97) 
Miller and Brosge (195*0 

Geochemical Data. - 

GH-47 

Th/U = 8.4 ±0.6 

Th «* 25.9 ± 1.0 ppm 

U = 3.1 — 0.2 ppm 

K » 4.6 i- 0.2 pph 
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FIGURE 37.- View of the 10-inch bentonite which is exposed 

in a roadcut northeast of Staffordsville, Va. The head 

of the hammer rests on the underlying chert. 
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Locality 24. - GH-48 

Locality. - A very poor exposure occurs on the north¬ 

east side of Route 311, 0.4 mile southeast of the junction 

of 311 and 779 at Catawba, Va. The locality is shown in 

figure 38. 

Stratigraphy. - One bentonite was sampled that is 

believed to be the V-3 bed of the Middle Ordovician Moccasin 

formation as defined by Rosenkrans (1935, 1936, #102). The 

bed overlies a chert and is about 20 inches thick, being 

composed of several zones. A red bentonitic shale forms the 

base. Above this is a red-yellow bentonite, followed by a 

silicified, yellow, micaceous zone. The sample was taken 

from these 2 zones. A fourth indistinct zone forms the top. 

Field Evaluation. - GH-48 satisfactory 

References. - Rosenkrans (1935, 1936, #102) 

Geochemical Data. - 

GH-48 

Th/U = 5.5 i 0.4 

Th « 19.3 ±- 0.7 ppm 

U * 3.5 ± 0.2 ppm 

K * 3.1 ± 0.1 pph 
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PIGURE 38.- View of the exposure southeast of Catawba, Va. 

The red mudrock typical of the Moccasin formation is 

exposed on the left. The V-3(?) bentonite is Indicated 

by the person. A yellow shovel nearer the viewer indicates 

a second bed which may be V-4. 
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Locallty 25. - GH-49, GH-50 

Locality. - The exposure occurs in the north bank of 

Route 764 about 4 miles south of Lexington, Va., and 0.1 mile 

northwest of the junction of Routes 764 and 11. 

Stratigraphy. - This bentonite occurs in the Liberty 

Hall black limestone facies of the Middle Ordovician Edin¬ 

burg formation. Two samples jwere taken from this bed, which 

is reportedly 8 feet in thickness. GH-49 was taken from the 

basal 15 inches of unctuous, red-brown bentonite, which over- 

lies a 5-inch chert. GH-50 was taken from a zone from 15 to 

40 inches above the base, which consists of tan, waxy, flaky 

bentonite. The bed is shown in figure 39. 

Field Evaluation. - GH-49 satisfactory 
GH-50 satisfactory 

References. - Giles (1927) 
Nelson (1926) 
Rosenkrans (1935, 1936, #103) 
Ross (1928) 

Geochemical Data. 

GH-49 

Th/U a 5.7 ± 0.4 

Th s 29.6 ± 1.1 ppm 

U = 5.2 + 0.3 ppm 

K = 5.0 ± 0.2 pph 

GH-50 

Th/U = 5.0 ±0.3 

Th « 27.6 ± 1.0 ppm 

U a 5.5 ± 0.2 ppm 

K = 4.9 ± 0.2 pph 
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FIGURE 39.- View of the bentonite exposed along Route 764 

south of Lexington, Va. The shovel Indicates the chert 

at the base of the bed. 
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Locality 26. - GH-51 

Locality. - The exposure occurs along the northeast 

side of the road 0.35 mile east of the junction of Routes 11 

and 259 at Mauzy, Va. The locality is shown in figure 40. 

Stratigraphy. - The bed sampled is the No. 2 (?) benton¬ 

ite of the Middle Ordovician Martinsburg formation. It has 

been correlated by Rosenkrans (1933) with the No, 2 bentonite 

of the Salona limestone in central Penn. The sample was 

taken from the basal 4 inches of the 15-inch bed, and is 

composed of light green, unctuous bentonite. 

Field Evaluation. - GH-51 satisfactory 

References. - Rosenkrans (1933, 1936, #106) 

Geochemical Data. - 

GH-51 

Th/U = 6.8 ± 0.4 

Th * 33.9 ± 1.2 ppm 

U = 5.0 +0.2 ppm 

K = 4.3 £ 0.2 pph 
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FIGURE 40.- View of locality 26. The No. 2(?) bentonite 

sampled is indicated by the shovel, and the No. 3 

bentonite by the person. 
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Locality 27. - GH-52, GH-54 

Locality. - An excellent exposure occurs in a readout 

(see figure 34) on Route 11 about 1 mile southwest of Stras- 

burg, Va. The readout is 0.45 mile southwest of the bridge 

crossing Tumbling Run on the southbound branch of the 

highway. 

Stratigraphy. - Samples were taken of the No. 2 (?) and 

No. 5 (?) beds of the Middle Ordovician Martinsburg formation, 

which Rosenkrans (1933) has correlated with the bentonites of 

the Salona limestone in central Penn. 

GH-52 was taken from the basal 3 inches of the 10-inch 

No. 2 (?) bed. The material is buff colored, and breaks in 

a characteristic blocky pattern. The No. 1 (?) and 2 (?) 

beds are shown in figure 42. 

GH-54 was taken from the basal 3 inches of the 6-inch 

No. 5 (?) bed, The material is gray-brown, hard, and breaks 

in a characteristic blocky pattern. 

Field Evaluation. - GH-52 excellent 
GH-54 excellent 

Reference. - Rosenkrans (1933) 

Geochemical Data. - 

GH-52 

Th/U = 6.0 i 0.3 

Th - 27.6 ± 1.0 ppm 

U * 4.6 ± 0.2 ppm 

K * 3.7 i 0.1 pph 

GH-54 

Th/U = 7.1-0.4 

Th * 29.0 i 1.1 ppm 

U * 4,1 i 0.2 ppm 

K *= 4,6 ± 0.2 pph 
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FIGURE 4l.- View of the roadcut about 1 mile southwest of 

Strasburg, Va. The massive Chambersburg limestone outcrops 

by the car. The No. 2 bentonite is Indicated by the lighter 

colored talus above the massive Chambersburg. No. 5 is 

indicated by the person. 
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FIGURE 42.- View of the No. 1 and No. 2 bentonites in the 

roadcut southwest of Strasburg, Va. No. 2 Is indicated 

by a hammer, and No. 1 occurs 11 inches below it. Note 

the cuneiform jointing in the silicified shale above 

No. 2. 
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Locality 28. - GH-55 

Locality. - The exposure occurs in the quarry of the 

New Enterprise Lime and Stone Company about 1 mile north of 

Roaring Spring, Fa. The bentonite is in the side wall of 

the quarry at the extreme western end as shown in figure 43. 

Stratigraphy. - The bed sampled is believed to be the 

No. 0 bentonite of the Middle Ordovician Salona limestone. 

The bed is about 2 inches thick, and is composed of soft, 

yellow-brown clay containing some carbonaceous material (see 

figure 44). 

Field Evaluation. - GH-55 satisfactory 

References. - Rosenkrans (1934, 1935, #135) 

Geochemical Data. - 

GH-55 

Th/U = 4.7 ± 0.3 

Th = 22.3 — 0.8 ppm 

U = 4.7 ±0.2 ppm 

K = 3.9 ±0.2 pph 
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FIGURE 43.- View of the quarry about 1 mile north of Roaring 

Spring, Pa. The working face is on the right, and the 

bentonite occurs in the side wall in the center of the 

photograph behind the car. 
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FIG13RE 44.- View of the bentonite in the side wall of the 

quarry shown in figure 43. The bentonite is the buff- 

colored bed indicated by the chisel end of the hammer. 
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Looality 29. - GH-56 

Locality. - The exposure occurs in the hanging wall of 

the quarry north of State Highway 866 at Ganister, Pa. 

Stratigraphy. - One bentonite was recognized in the 

hanging wall of this quarry shown in figure 38. It is 

thought to be the No. 2 bentonite of the Middle Ordovician 

Salona limestone. The bed is 6 inches thick and overlies a 

thin chert. The sample was taken from the basal 3 inches 

of light gray., soft clay. 

Field Evaluation. - GH-56 good 

References. - Rosenkrans (1935* #133) 
Kay (1944) 

Geochemical Data. - 

GH-56 

Th/U = 4.7 ± 0.3 

Th = 28.4 il.l ppm 

U = 6.1 rh. 0.3 PPra 

K = 4.5 ±0.2 pph 
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FIGURE 45.- View of the hanging wall at the north end of 

the quarry north of Route 866 at Ganister, Pa. The 

bentonite occurs under the overhanging bed of limestone 

about halfway up the face. 



-112- 

Looality 30. - GH-59, GH-60 

Locality. - The exposure occurs in the two Warner 

Company quarries near Union Furnace, Pa. The beds were 

sampled in the eastern quarry, and in the face behind the 

crusher. 

Stratigraphy. - The No. 3 and No. 5 bentonites of the 

Middle Ordovician (Trenton) Salona limestone were sampled. 

OH-59 was taken from the No. 3 tied where it is exposed 

in the quarry face as shown in figure 46. The bed is 5 

inches thick, and is composed of soft, gray bentonite. 

GH-60 was taken from the No. 5 bed where it is exposed 

in back of the crusher as shown in figure 47. The bed is 

composed of yellow, blocky bentonite, and is 5 inches thick. 

Field Evaluation. - GH-59 good 
GH-60 excellent 

References. - Rosenkrans (1935, #137) 
Kay (1943, 1944) 

Geochemical Data. - 

GH-59 QH-60 

Th/U = 2.5 db 0,1 Th/U = 7.6 dt 0.4 

Th = 14.0 ± 0.5 ppm Th = 33.4 +1.2 ppm 

U = 5,5 ± 0.2 ppm U = 4.4 ± 0.2 ppm 

K * 5,3 ±0.2 pph - K = 4.8 i 0.2 pph 
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FIGURE 46.- View of the quarry face in the eastern quarry near 

Union Furnace, Pa. A prominent l8-inch band of black 

hackly shale is seen in the center of the photograph. It 

is offset by a small fault in the very center of the 

photograph. The No. 2 bentonite occurs directly beneath 

this shale, and the No. 3 bentonite occurs about 20 feet 

above this shale. 
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FIGURE 47.- View of the No. 5 bentonite in the Salona 

limestone as it is exposed behind the crusher. A very- 

prominent black chert underlies the yellow bentonite. 
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Looality 31. - QH-61, GH-62, GH-63, GH-64, GH-65 

Locality, - The exposure occtirs in the Neidigh Brothers 

quarries approximately 1 mile northwest of Oak Hall, Pa, 

The western quarry is shown in figure 48, A and B. 

Stratigraphy. - All of the samples are of Middle 

Ordovician age. The stratigraphy given is that of Kay (1944) 

and Rones (1955). 

GH-61 was taken from the P bentonite of the Stover 

member of the Benner limestone. The sample is from the 

basal 2 inches of an 8-inch bed of "black ash." It is 

saturated with water near the quarry floor. 

GH-62 was taken from a prominent gray bentonite which 

occurs within the Stover member of the Benner limestone, be¬ 

tween the A and F bentonites. Rones (1955) has not labeled 

this bed. In this report it is called the "below A" benton¬ 

ite, and is designated by "B/A" in figure 48B. The sample 

was taken from the lower half of the 7-inch bed of soft clay. 

GH-63 was taken from the A bentonite of the Oak Hall 

member of the Hunter group (Rones, 1955). The sample is 

from the basal 2 inches of the 3-inch bed of flaky, yellow- 

gray bentonite, 

GH-64 was taken from the Ni bentonite of the Oak Hall 

member of the Hunter group (Rones, 1955). The sample was 

taken from a zone from 2-6 inches above the base of the 8- 

inch bed. The material is yellow-brown, and blocky. 
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GH-65 was taken from the Ng bentonite of the Center 

Hall member of the Nealmont limestone, Trenton group (Rones, 

1955). The sample was taken from the basal 4 inches of the 

12-inch bed, and is composed of buff, pure bentonite. 

Field Evaluation. - GH-61 satisfactory 
GH-62 good 
GH-63 good 
GH-64 good 
GH-65 good 

References. - Rones (1955) 
Rosenkrans (1934, 1935, #140) 
Weaver (1953) 
Kay (1944) 

Geochemical hata. - 

GH-61 GH-62 

Th/U 6.1 ±0.4 Th/U 55 6,2 ± 0.3 

Th 25.8 ± 0.9 ppm Th 8 33.0 i. 1.1 ppm 

U - 4.2 -t 0.2 ppm U 8 5.3 ± 0.2 ppm 

K 5,6 ± 0.2 pph K - 5,9 ± 0.2 pph 

GH-63 GH-64 

Th/U - 5.5 ± 0.3 Th/U - 6.1 ±0.4 

Th ' a 29.0 ± 1.1 ppm Th 8 38.0 ±1.4 ppm 

U 8 5.3 i 0.2 ppm u ■a 6.2 ± 0.3 ppm 

K SS 5.4 * 0.2 pph K ■8 3.9 ± 0.2 pph 

GH-65 

Th/U « 2.5 0,1 

Th « 14.1 i 0.5 ppm 

U ■ 5.6 i 0.2 ppm 

- 4.1 ±0.2 ooh K 
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A 

FIGURE 48.- A, Western quarry north of Oak Hall, Pa. 

B, Sketch of the western quarry showing the position 

of the bentonites. 
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Locality 32. - GH-67 

Looality. - The exposure occurs in the Whiterock 

quarries just south of Pleasant Gap, Pa., on State Highway- 

64. 

-Stratigraphy. - In the northeastern quarry the A 

bentonite of the Oak Hall member of the Hunter group (Rones, 

1955) was located, as shown in figure 49. In the entrance 

to the southwestern quarry the A bentonite was also located, 

as shown in figure 50. 

GH-67 was taken from a bed which occurs below the A 

bentonite, as shown in figure 50. It may be the B bentonite 

of the Valley View member of the Middle Ordovician Curtin 

limestone (Kay, 1944). Where sampled, the bed lies on a 

sloping bench and is 6 inches thick. The material is gray- 

brown, soft, and calcitic. 

Field Evaluation. - GH-67 satisfactory 

References. - Kay (1944) 
Rones (1955) 

Geochemical Data. - 

GH-67 

Th/U = 7.3 ± 0.7 

Th - 8.7 ± 0.3 ppm 

U * 1,2 i 0.1 ppm 

K * 2.1 ± 0.1 pph 
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FIGURE 49.- View of the northeastern quarry south of 

Pleasant Gap, Pa., on State Highway 64. The A bentonite 

is indicated by the person at the foot of the quarry face. 
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FIGURE 50.- View of the entrance to the southwestern quarry- 

south of Pleasant Gap, Pa. The A bentonite Is Indicated 

by the person on the right above the road level. The bed 

sampled occurs on a sloping bench on the left several 

yards above the road level. 
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Locality 33. - GH-68, GH-69, GH-70, GH-71, 
 GH-72, GH-73, GH-74  

Locality, - A series of bentonite beds are well 

exposed in a roadcut and a quarry 1 mile north of Beliefonte, 

Pa., beside Route 53. 

Stratigraphy. - The bentonites are all from formations 

of Middle Ordovician, Black River and Trenton age. At the 

time the writer visited the locality all of the bentonites 

were labeled on the outcrop (see figures 51 and 52). 

GH-68 was taken from the E=F bed at contact of the 

Stover member of the Benner limestone and the Valley View 

member of the Curtin limestone. Both formations are Black 

River in age. The sample was taken from the basal 4 inches 

of a 7-inch bed composed of buff-gray, earthy bentonite. 

GH-69 was taken from the D bentonite of the Valley View 

member of the Curtin limestone. The sample was taken from 

the basal 4 inches of an 8-inch bed composed of homogeneous 

yellow-brown, unctuous clay. 

GH-70 was taken from the B (?) bentonite of the Valley 

View member of the Curtin limestone. The bed is about 3 

inches thick, and is composed of material similar to that of 

beds E=F, and D. 

GH-71 was taken from the No. 2 bentonite of the Salona 

limestone, which is of Trenton age. The bed is about 5 

inches thick, and is composed of yellow-white, unctuous clay. 
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GH-72 was taken from the No. 3 bentonite of the Salona 

limestone. The sample is from the basal 3 inches of a 6- 

inch bed, and is composed of buff, unctuous bentonite. 

GH-73 was taken from the No. 4 bentonite of the Salona 

limestone. The sample was taken from a 3-inch basal zone 

of soft, buff bentonite. The bed is about 9 inches thick, 

and is overlain by a marked black shale several inches thick. 

GH-74 was taken from a 4-inch bentonite in the next 

roadcut about 300 feet (?) above the No. 4 bed of the Salona 

limestone. The bed is of Trenton age, but it is not known 

of which formation it forms a part. It occurs about two- 

thirds of the distance from the south end of the cut, and is 

shown in figure 53. The sample was taken from the basal 3 

inches. The material is gray-brown, unctuous, but very 

similar in appearance to the shale partings of the adjacent 

limestones. 

Field Evaluation. - GH-69 satisfactory 
GH-70 satisfactory 
GH-71 good 
GH-72 good 
GH-73 good 
GH-74 satisfactory 

References. - Rosenkrans (1934) 
Kay (1944) 
Rones (1955) 
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Geochemibal Data. 

GH-68 

Th/U = 6.9 ± 0.5 

Th * 12.4 ± 0.5 ppm 

U = 1.8 ± 0.1 ppm 

K .» 2,4 ± 0.1 pph 

GH-70 

Th/U * 6,7 ±0.4 

Th * 16,8 ±-0.6 ppm 

U = 2.5 - 0.1 ppm 

K - 3.7 ± 0.1 pph 

GH-72 

Th/U » 4.11 0.3 

Th * 15.2 ± 0.6 ppm 

U = 3.7 £ 0*2 ppm 

K » 4.7- 0.2 pph 

Th/U 

Th 

U 

GH-69 

Th/U = 7.5 ± 0.5 

Th * 15.7 ± 0.7 ppm 

U = 2.1 i 0.1 ppm 

K * 3.9 ±0.1 pph 

GH-71 

a 10.6 db 0.7 

« 36.1 ±-1.3 ppm 

* 3.4 ±0.2 ppm 

a 4.4 ±0.2 pph 

GH-73 

Th/U = 7.8 ±0.6 

Th = 22.7 — 0.8 ppm 

U * 2.9 ± 0.2 ppm 

K a 2.8 ±0.1 pph 

GH-74 

5.4 ±0.3 

27.4 ±1.1 ppm 

5.1 ± 0.2 ppm 

4.2 ± 0.2 pph 

Th/U 

Th 

U 

K 

K 
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FIGURE 51.- View of a part of the roadcut 1 mile north of 

Bellefonte, Pa. The E F bentonite is indicated on the 

right by a hammer, the D bentonite in the center by a 

hammer, and the B bentonite on the left by the person. 
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FIGURE 52.- View of a portion of the roadcut 1 mile north 

of Beliefonte, Pa. In this cut the Nos. 1, 2, 3, and 4 

bentonites of the Salona limestone are exposed. No. 4 is 

indicated by the person. The 4-inch bentonite of GH-74 

occurs in the next roadcut to the north. 
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FIGURE 53.- View of the 4-inch bentonite in the Trenton 

limestones in a roadeut north of Beliefonte, Pa. The 

bed is indicated by a hammer in the lower center part 

of the photograph. 
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Locality 34, - GH-75> GH-76* GH-77, GH-78 

Locality. - An excellent exposure occurs in a quarry 

at Salona* Pa. operated by the Lycoming Silica and Sand Co, 

A second exposure occurs in a railroad cut at the west end 

of the quarry. This is the type locality of the Salona 

limestone. 

Stratigraphy. - GH-75 was taken from a prominent 3-inch 

bed of black ash that occurs in the center of the working 

face by the shovel shown in figure 54. This is believed to 

be the P bentonite of the Stover limestone member of the 

Benner formation. The Benner formation forms a part of the 

Middle Ordovician* Black River* Hunter group. 

GH-76 was taken from the No. 1 bentonite of the Middle 

Ordovician* Trenton* Salona limestone. The sample was taken 

from the middle 1 inch of pure gray-green material of a 2§- 

inch bed. 

Nineteen inches above the No. 1 bentonite is the No, 2 

bentonite of the Salona limestone. This bed is 6 inches 

thick and is also composed of pure gray-green material. It 

overlies a prominent 2-inch chert. Sample GH-77 was taken 

from this bentonite. 

Bentonites No. 1 and No. 2 were sampled in the side or 

hanging wall of the quarry Just above the drilling level as 

shown on the left of figure 54. 

The No. 3 bentonite of the Salona limestone occurs at 

the top of the side wall of the quarry directly above the 
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place where Nos. 1 and 2 were sampled. GH-78 was taken from 

the lower 4 inches of this 6-inch bed of gray-buff-green, 

pure bentonite. 

The general strike in the Quarry is approximately 85° 

east. Figure 54 is a view of the east end. The quarry is 

bounded on the west by a stream and a railroad cut. In this 

railroad cut bentonites 1-5 were located, but none were 

sampled* Figure 55 is a view of this cut showing the No. 2 

bentonite as a reentrant marked by the author, and the No. 1 

bentonite as the next reentrant to the right > marked by a 

hammer* 

Field Evaluation* - GH-75 good 
GH-76 excellent 
GH-77 excellent 
GH-78 excellent 

References * - Rosenkrans (1934) 
Kay (1944) 
Rones (1955) 

Geochemical Data. - 

GH-75 GH-76 

Th/U = 5.5 ± 0.3 Th/U - 5.8 ±0.3 

Th = 24.8 ± 0.9 ppm 

TJ = 4.5 ± 0.2 ppm 

K s 6.0 ± 0.2 pph 

Th » 26*3 ± 1.0 ppm 

U * 4,5 ± 0.2 ppm 

K 38 5.4 ±0.2 pph 
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GH-77 

Th/U = 4.9i 0.2 

Th »• 33.4 i 1.1 ppm 

U s 6;8 i o.2 ppm 

K “ 3.8±0.1pph 

GH-78 

Th/U = 7.3 ±0.4 

Th » 29.1 ± 1.0 ppm 

U = 4.0 ± 0.2 ppm 

* 3.6i,0.1pph K 
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FIGURE 54.- View of the east end of the quarry at Salona, Pa. 

The prominent black ash of the F bentonite Is exposed in 

the quarry wall directly behind the shovel. The Salona 

bentonites 1 and 2 are exposed in the side or hanging wall 

Just above the drilling level on the left. The No. 3 

bentonite is accessibly exposed at the top of the side wall 

directly above Nos. 1 and 2. 
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FIGURE 55.- View of the railroad cut at the west end of the 

quarry at Salona, Pa. The reentrant marked by the author 

is the Salona No. 2 bentonite. No. 1 forms the next reen¬ 

trant to the right marked by a hammer. Bentonites 1-5 

are accessible in this cut. 
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Locality 35. - GH-79 

Locality. - The Tioga bentonite is well exposed in the 

Onondaga Indian Reservation quarry just south of Syracuse, 

N. Y. The quarry is on the east side of Quarry Road, and on 

the west side of Route 11 about 1 mile south of the junction 

of Routes 11 and 11A. 

Stratigraphy. - This bed is the Tioga bentonite of the 

Lower Devonian Onondaga limestone. 

GH-79 was taken from the lower 4 inches of the 8-inch 

bed. The material at the outcrop is buff-red, unctuous, but 

contains no conspicuous biotite. 

The quarry is shown In figure 56. 

Field Evaluation. - GH-79 good 

Reference. - Chute (1956, personal communication) 

Geochemical Data. - : 

GH-79 

Th/U « 3.7 ± 0.2 

Th = 18,2 £ 0.7 ppm 

U * 4.9 £ 0.2 ppm 

K * 6.2 £ 0.2 pph 
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Petrography. - GH-79 contains fresh angular quartz and 

anhedral feldspar. Hematite encrusted pellets of clay (?) 

and pellets of pyrite form the major portion of the heavy 

mineral suite. Zircon is present as colorless, yellow, 

stubhy-acicular, euhedral crystals. 
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FIGURE 56.- View of the quarry face in the Onondaga Indian 

Reservation quarry south of Syracuse, N.Y. The Tioga 

bentonite occurs about two-thirds of the way up the face, 

and forms a marked reentrant which is indicated in figure 

56 by the hammer held by the person. A prominent 2-3 

inch band of black chert occurs in the limestone several 

inches below the bentonite. 
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Locality 36 

Locality, - Four samples from the bentonite mines of 

the Baroid Division of National Lead Co. near Newcastle, 

Wyo., were secured through the courtesy of Dr. John W. 

Jordan. 

Stratigraphy. - These samples are from the bentonites 

in the Upper Cretaceous Mowry shale. 

Geochemical Data. 

Sample 1 

Th/U * 3.1 

Th - 22 ppm 

U - 7.1 ppm 

Sample 2 

Th/U = 5.1 

Th = 42 ppm 

U = 8.2 ppm 

Sample 3 

Th/U * 5.9 

Th " 25.5 ppm 

U = 4,5 ppm 

Sample 4 

Th/U » 3.5 

Th = 42 ppm 

U =12 ppm 

K =0.5 pph 
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Locality 37. - GH--83, GH-84 

Looality. - Two samples of bentonite from the area 

around Oslo were secured through the courtesy of F. Hdgemann, 

■University of Oslo, GH-83 is from the western side of the 

railroad cut at Sinsen described by Hagemann and Spjeldnaes 

(1955)* GH-84 is from a locality near Ringerike about 30 

kilometers northwest of Oslo, Norway. 

Stratigraphy. - OH-83 is from the XXII bed in the Middle 

Ordovician. 

GH-84 is from stage JC of the Upper Llandovery, 

Silurian. 

References. - Hagemann and Spjeldnaes (1955) 
Hagemann (personal communication) 

Geochemical Data. - 

GH-83 

Th/U * 2.1 ±0.1 

Th = 17.2 =k 0.6 ppm 

U = 8.2 i: 0.2 ppm 

K * 5.2 d: 0.2 pph 

GH-84 

Th/U ** 3.7±0.2 

Th - 29.3 it 1.1 PPm 

U «* 7.9 + 0.3 ppm 

= 6.4 ±0.2 pph K 


