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ABSTRACT 

K/Ar age Dates and U, Th, K geochemistry 

of the Gueydan (Catahoula) formation 

of South Texas 

by 

Timothy W. Duex 

Four K/Ar age dates on biotite separated from the Gueydan 

produced results ranging from Middle or Late Eocene to Early Oligo- 

cene. These ages are somewhat older than was previously hypothesized 

(Oligocene-Miocene). However, the author believes that there has been 

no significant reworking of biotitle and/or leaching of K from the 

biotite, either of which would increase the apparent age. These ages 

are thought to be correct, but, because of the complex stratigraphy, 

younger ages could also be possible. 

The Th, U, and K averages yielded results which are somewhat 

lower than they should be if the Gueydan is inferred to be an acidic 

volcanic rock originally. The lower averages are thought to be due 

to leaching and therefore the Gueydan was not originally deficient 

in these radioelements. 

The Th, U, and K distribution within the Gueydan approximates 

a log normal distribution, with minor fluctuations. 
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INTRODUCTION 

This study was conducted on the Gueydan (Catahoula) Formation 

in Texas in the area south of the Colorado River to the Rio Grande 

River. The purpose of the investigation was two-fold: first, to 

compile an estimate of the uranium and thorium ppm and the total 

uranium present in the area (potassium was analyzed merely because 

it was convenient): second, to obtain several isotopic age dates on 

the rocks of the formation. This study was intended to supplement 

geochemically the stratigraphy, nomenclature, and petrography of the 

Gueydan as described by McBride, Lindemann and Freeman (1968). 

The Gueydan was chosen for this study for several reasons: 

1) it is believed to be a possible source rock of the uranium de¬ 

posits which are found in Texas, and an approximate estimate of the 

total U and Th reserves has never been conducted on the formation in 

the broad area studied: 2) the age of the formation has long been a 

subject of controversy, and the author hopes that this study will help 

give a clue or limits to the actual age. 

A thorough lithologic and petrographic report on the Gueydan 

Formation has recently been published by McBride, Lindemann, and 

Freeman (1968). Their work provided a convenient basis for a geo- 

chemical-oriented investigation minimizing the effort to locate 

outcrops and position. The procedure followed in this investigation 

was to reoccupy the stations which the above authors have described 

and included in the Gueydan, and then to measure the U, Th, and K 
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values with a portable gamma ray spectrometer. In this manner, the 

author could be confident of the location of the measured stations. 

In addition to field measurements, a sample was collected at each 

locality and again analyzed by laboratory gamma ray spectrometer 

methods. The instrumentation and reliability of these instruments 

are described by Adams and Fryer (1964) and Adams (1964). Samples 

with macroscopically visible biotite were also collected and re¬ 

turned to the lab for biotite separation and K/Ar dating. 
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PREVIOUS WORK 

Stratigraphy and Nomenclature: 

Part of the confusion over the age of the Gueydan (Catahoula) 

Formation has arisen from the relationship between nomenclature and 

stratigraphy. As this author will not attempt to give a complete 

review of these two topics, a general review and listing of references 

is, perhaps, in order. An excellent summary of the problems concern¬ 

ing nomenclature, as well as a good review of the stratigraphy, is 

given by McBride, Lindemann, and Freeman (1968). Other general re¬ 

views of the stratigraphy and history of nomenclature are given in 

Plummer (1933) and by Stuckey and Woods (1954). Contributions to 

stratigraphic terminology have also been made by Bailey (1924, 1932), 

Bowling and Wendler (1933), Deussen (1924), Renick (1936), and Trow¬ 

bridge (1932). 

Various authors have placed parts of or the entire formation 

into stratigraphic units varying from the Jackson Group of Eocene age 

to the Oakville Sandstone of Upper Miocene to Lower Pliocene age. 

Because of its distinct lithologic character, however, most authors 

have distinguished the Gueydan (Catahoula) as a separate unit. The 

name Catahoula originated in Louisiana as a term for strata exposed 

in Catahoula Parish (Veatch, 1905). Matson (1917) described these 

rocks and correlated them with Oligocene formations in Mississippi. 

The rocks, thus named, were then correlated with strata exposed in 

East Texas (Deussen, 1914), and, eventually, the name was applied 
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to rocks exposed southward all the way to the Rio Grande River. 

Bailey (1926) first applied the term Gueydan to the strata 

exposed in South Texas, because he concluded that the rocks were 

lithologically distinct from the Catahoula sandstones in East Texas 

and Louisiana. However, Catahoula Tuff was used on the U. S. Geo¬ 

logical Survey Geologic Map of Texas (Darton, Stephenson, and Gardner, 

1937) for strata exposed in South Texas, and the term Catahoula Sand¬ 

stone was used in East Texas. Although Catahoula seems to be the 

most common name for the rocks in question, this author follows 

McBride et al. in preferring the term Gueydan. Thus confusion is 

avoided in referring to the sample localities mapped in the petro¬ 

graphic report by McBride, Lindemann, and Freeman (1968). 

Petrology: 

McBride et al. (1968) concluded in their report that most of the 

Gueydan in outcrop is entirely non-marine in origin. They state (p. 

12) that the formation "is characterized by monotonous exposures of 

pastel-colored tuffaceous and non-tuffaceous clay and sandstone and 

other volcanic sediments." Also according to this report, part of 

the tuff beds are stream deposits and, perhaps, mud-flow deposits; 

the remaining tuff beds and the ash beds are considered to be sub¬ 

aerial deposits. Bailey (1926) interprets some of the tuffaceous 

clay as reworked Gueydan strata, while other tuffs are inferred to be 

mud-flow deposits. Bedded tuff is thought to be a subaerial deposit 

by Bailey (1926), but McBride et al. (1968) state that these beds are 
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probably deposits of reworked Gueydan material. Ashbeds are scarce 

and are generally interpreted as subaerial deposits. The bentonitic 

beds, however, present a problem. Bailey (1926) reports that the 

bentonite consists of eroded material from the Gueydan and older 

strata. However, McBride et al. (1968) conclude that the bentonites 

formed as a result of alteration and devitrification of fine vol¬ 

canic glass particles, in situ. Most of the petrographic reports 

available support the conclusion that the Gueydan Formation is com¬ 

posed primarily of subaerial volcanic rocks or their eroded equivalents. 

Age: 

The scarcity of fossils in the Gueydan has led to various age 

estimates for the formation. In addition, correlations with other 

formations and correlations made within the formation itself are 

hampered by complex stratigraphy. McBride et al. (1968) list two 

reasons for the inherent complexity of the stratigraphy: 1) the 

formation is composed of fluvial deposits, and possible mud-flow 

deposits, subaerial and wind-blown deposits, all of which are len¬ 

ticular and variable in texture; 2) most beds have been modified by 

soil-forming processes or ground water alterations and are now 

altered from their original state. 

Berry (1917) concluded that the Catahoula was Oligocene in East 

Texas, Louisiana, and Mississippi on the basis of fossilized plant 

material found within the formation. Also in these areas, Matson 

(1917) assigned the same age to the rocks on the basis of stratigraphic 
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position, and because the formation could be correlated with Oligocene 

units in Mississippi and Florida. Bowling and Wendler (1933) list 

evidence for an unconformity below the Gueydan exposed in Fayette 

County, Texas. They state that the Gueydan is underlain in the 

north by the Fayette Fin. of the Jackson Group. In the south, it lies 

over the Frio Clay, another member of the Jackson Group, which is, 

however, stratigraphically above the Fayette Formation. The Jackson 

Group is considered to be Upper Eocene (Bailey, 1926); the Oakville 

Sandstone of Upper Miocene to Lower Pliocene age lies unconformably 

over the Gueydan (Bailey, 1926; McBride et al., 1968; Bowling and 

Wendler, 1933). Thus,the Gueydan is inferred to be Oligocene or 

Miocene, or both, mainly on the basis of relative stratigraphic 

position. 

However, Bowling and Wendler (1933), in their study of the 

Gueydan in Fayette County, concluded on the basis of fossil fauna 

that the lower thirty feet of the formation actually belongs in the 

Jackson Group of Eocene age. The upper portion of the Gueydan they 

assigned to Oligocene or Miocene, or both. McBride et al. (1968) 

stated that the Gueydan is usually correlated with two subsurface 

formations, the Frio and the Anahuac, which are generally considered 

to be Oligocene or Miocene. Akers and Drooger (1957) state that the 

Anahuac is definitely Miocene. 

McBride et al. (1968) state that Deussen (1924) found a Middle 

or Late Miocene rhinoceros bone in Washington County. Deussen 

assigned the fossil to the Oakville, but A. W. Weeks (1933) identified 
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the strata in which it was found as the Catahoula. Wood and Wood 

(1937), meanwhile, stated that the rhinoceros was Late Oligocene or 

Early Miocene in age. Weeks (1933) is also quoted by McBride et al. 

(1968) as reporting a different fossil fragment of Late Miocene to 

Early Pliocene age from a bed within the Catahoula Formation in 

Starr County. Bailey (1926) had previously mapped the same bed as 

part of the Oakville. However, the fossil Protohippus Sejunctus 

Cope is reported by Wilson (1956) to be younger than the Oakville. 

McCracken (1967) and McBride et al. (1968) both mention that 

Alice Weeks of the U. S. Geological Survey performed a lead-alpha 

age determination (Larsen method) on some zircons taken from the 

lower part of the Gueydan in Live Oak County. Her results indicated 

an age of 24 m.y. ± 1 m.y., which assigned the formation to Early 

Miocene. 

Geochemistry: 

Although there have been many articles published on the uranium 

deposits in Karnes County, only a few have been written on the 

uranium content of the Gueydan Formation as a whole. However, Moxham 

(1964) has performed an airborne study of the total radioelement con¬ 

tent of the Gueydan in the Karnes area. He found that the total 

radioelement content is less than one might expect if one assumed 

that the Gueydan was originally composed of volcanic rocks of silicic 

or intermediate composition. His figures are 30-60% less than those 

reported by Adams (1964) for silicic volcanic rocks; Adams (1964) is 
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quoted by Moxham (1964) as assigning a total Th, U, and K-40 content 

of 22 ppm to this type of rock. Moxham (1964) reports that this value 

exceeds that value recorded over the Gueydan by 1-1/2 to 3 times. He 

suggests that the two following factors might have influenced current 

radioelement content: 1) the volcanic material forming the Gueydan 

was originally deficient in radioelements, or 2) the radioelements 

have been removed since deposition. Of the two possibilities, Moxham 

(1964) favors the latter. 

Moxham1s (1964) conclusion is supported by Weeks and Eargle 

(1963), who performed uranium analyses on the deposits in Karnes 

County. These authors found that the '’equivalent uranium" exceeded 

the chemical uranium by 5%. They concluded that the uranium deposits 

are out of secular radioactive equilibrium due to the leaching and/or 

migration of uranium or one of its daughters. 



9 

GEOCHEMICAL ANALYSES 

The average values for Th, U, and K content of the Gueydan 

Formation are presented in Figure 1 with the histograms for each 

element. Comparisons of the field analyses with the laboratory 

analyses for Th, U, and K are also given in Figure 1. The average 

values for Th, U, K, and Th/U in each county are presented in Table 

I; again, the field and laboratory determinations are compared. In 

addition, the Th, U, K, and Th/U values are listed for each station 

in Table II; sample localities are indicated on the map given in 

Figure 2. Figure 3 compares the Gueydan with two other potential 

uranium source rocks: the White River Formation at Beaver Rim and 

the Sweetwater granite, both in Wyoming. 

Interpretation of Th, U, and K Averages: 

The average values for Th, U, and K are 8.9 ppm, 3.0 ppm, and 

1.06%, respectively, for field and laboratory determinations com¬ 

bined. The uranium average value is lower than the value of 5.6 

ppm reported by Adams (1954) for a large number of rhyolitic rocks. 

He concludes that the 5.6 ppm of uranium represents a fair upper 

limit for the average uranium content of acidic volcanics. If the 

Gueydan was originally an average acidic volcanic rock, then some 

leaching of uranium may have taken place in order to produce the 

present average value of 3.0 ppm. 
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In a study done in Karnes County, Moxham (1964) found that the 

Gueydan is deficient in its total radioelement content when compared 

with the acidic volcanic rocks analyzed by Adams (1954). Moxham 

(1964) favors the possibility of a leaching of these elements rather 

than an originally deficient source rock. Thus it seems that the 

uranium and other radioelements may have been removed by leaching. 

When the averages for each county are compared, a slight trend 

appears to be present. The higher values occur in the north-central 

portions of the area studied, in the counties of Gonzales, Karnes, 

and Live Oak (see Table I). The two highest uranium averages are 

4.06 ppm in Gonzales County and 3.11 ppm in Karnes County. Simi¬ 

larly, the two highest thorium averages are 11.4 ppm in Live Oak 

County and 11.6 ppm in Gonzales County. Although the highest K 

value of 1.30% is in Starr County, the values of 1.26% and 1.07% in 

Karnes and Duval Comities, respectively, are among the higher values. 

In general, the average values decrease slightly both north and 

south of these central counties. 

However, these higher values prove to be only apparently 

higher when statistical tests are applied. The results of the 

standard "F test" for analysis of variance are shown below in Table 

III: 

Table III 

Calculated J£ value: Tabulated F value: Degrees of Freedom: 

Laboratory— 
Th 0.77 

U 1.6 

K 1.5 

F.95 = 2.62 
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Calculated F value: Tabulated F value: Degrees of Freedom: 

Field— 
Th 1.66 Vi = 7 

U 2.6* F.95 = 2.45 

K 33** V2 = 87 

*Significant at 95% 
**Significant at greater than 99% 

The calculated F value is compared with the tabulated F value 

for the given number of degrees of freedom. The degrees of freedom 

for the lab determination are as follows: = 7 and V£ = 42. The 

corresponding values for the field determinations are = 7 and 

V2 = 87. These values are calculated from the number of counties 

and the total number of laboratory or field stations measured. 

The tabulated F value is computed from the degrees of freedom 

and the probability level desired. In this case, the 0.95 prob¬ 

ability level was used and the F value taken from the F.95 table. 

When the calculated F value is smaller than the tabulated F 

value, the differences between the sets of data are not significant. 

Thus it is shown that there are no statistical differences between 

the areas compared, except perhaps for the U and K field determina¬ 

tions . 

Comparison of Th, U, and K Values: 

A comparison of the Gueydan with two other possible uranium 

source rocks is given in Figure 3. The histograms presented are 

the field gamma ray spectrometric Th, U, and K determinations com¬ 

piled from studies performed with the same field instrumentation on 
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the Sweetwater Granite complex and the White River Formation at 

Beaver Rim, both in Wyoming, and the Gueydan of South Texas. The 

Sweetwater granite is Precambrian and the White River Formation is 

a Tertiary (Eocene) rock unit similar to the Gueydan in lithology. 

The histograms show the differences in the Th, U, and K distributions 

within the separate rock suites. 

The distributions of the values of Th and U in the Gueydan and 

in the Sweetwater granite are similar in that they both approximate 

a log normal distribution. Each shows a steep rise to a peak and a 

gradual trailing off of occurrences in the higher values. The White 

River, however, has a more Gaussian distribution, with essentially 

equal distribution on either side of the modal value. The average 

values for the log normal distributions are generally higher than the 

corresponding peak values. However, in the Gaussian distribution, 

of course, the peak values and average values essentially coincide. 

For example, the average values and the peak values of the Gueydan 

are, respectively, as follows: thorium, 8.43 ppm and 7.0 ppm; 

uranium, 3.16 ppm and 2.8 ppm; and potassium, 1.11% and 0.88%. The 

corresponding average and peak values for the White River are, re¬ 

spectively, as follows: thorium, 10*4 ppm and 10.5 ppm; uranium, 

3.04 ppm and 3.00 ppm; and potassium, 1.4% and 1.4%. 

Log Normal Distribution: 

Figures 4a, b, c show a plot of the cumulative frequency percent 

versus the log of the U and Th ppm and K%. The two cases represented 
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are the Gueydan formation and the White River formation at Beaver 

Rim, referred to above. On this type of diagram, a log normal 

distribution would be represented by a straight line. As can be 

seen in the graphs, the plots for the White River at Beaver Rim 

suite form a line which is concave upwards. Therefore, the White 

River is definitely not a log normal situation. The Gueydan data 

plots as a line which is nearer to a straight line than that of the 

White River, but which is not perfectly straight. Thus, the Gueydan 

is closer to a log normal distribution than the White River forma¬ 

tion, although there are only half as many stations (96 vs. 193) on 

the Gueydan. It is quite possible that the Gueydan would exhibit 

a log normal distribution with more stations. 

A study of these different geochemical situations indicates 

that the Gueydan has a different radioelement distribution than does 

the White River, although it is similar in lithology. Apparently, 

the Gueydan has a radioelement distribution that is similar to the 

Sweetwater granite. The absolute values differ from one suite to 

another, but the relation of the distributions holds true. 

A series of histograms comparing the field and laboratory 

determinations for Th, U, and K content of the Gueydan show that 

the laboratory analyses parallel the field analyses, approximating 

a log normal distribution. (See Figure 1.) A comparison of the 

average values and peak values for field and laboratory determina¬ 

tions is illustrated in Table IV given below: 
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Table IV 

Peak Values: Average Values: 

Th ppm— 

U ppm— 

K %— 

Field.... 8.4 

Lab  9.8 

Field.... 3.2 

Lab  2.7 

Field.... 1.11 
Lab  1.00 

It is possible that the laboratory determinations differ 

significantly from the field determinations, due to the fact that 

the field measurements are taken on a larger volume of rock than 

the laboratory measurements. The field station measurement is from 

approximately 100 kilograms of sample, whereas the laboratory de¬ 

termination is based on 350 grams. Wherever possible, the samples 

to be analyzed in the laboratory were taken directly beneath the 

field spectrometer station. In many cases, however, two or three 

field stations were taken, but only one sample was collected for 

laboratory analysis. In this type of situation, the sample was 

collected over the entire outcrop, with the majority of the sample 

coming from the area of the two or three field stations. Thus, it 

is entirely possible that the samples collected for the laboratory 

analysis could be different from the sample of rock analyzed in the 

field. 
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Thorium/Uranium Ratios: 

The Th/U ratios for individual stations are presented in Table 

II; the average Th/U ratios for each county, in Table I. The average 

Th/U values are as follows: lab determinations, 4.27; field deter¬ 

minations, 3.30; and total determinations (field plus laboratory 

determinations), 3.64. Adams (1954) states that the Th/U ratio of 

acidic volcanic rocks is approximately 3 to 4. This range agrees 

with the Th/U values obtained for the Gueydan Formation. 
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ISOTOPIC AGE DETERMINATIONS 

Collection of Samples: 

Samples containing megascopically observable biotite in a 

suitable rock type were collected from the Gueydan at stations 

measured with the field spectrometer. Approximately 20-25 lbs. of 

each rock sample were returned to the laboratory for biotite separa¬ 

tion. In several cases, not enough biotite could be obtained from 

the first sampling, and another trip had to be made in order to 

collect additional material. Again, most of the samples were 

collected at stations previously described by McBride, Lindemann, 

and Freeman (1968). In this manner, the author could be sure of 

being in the Gueydan Formation and, thereby, avoid sampling strati- 

graphically incorrect localities. 

Separation of Biotite: 

In the laboratory, the samples were soaked in water until they 

were disaggregated. Some of the samples were ground gently with a 

mortar and pestal or in a roll crusher in order to break up clay 

lumps and nodules. When the roll crusher was used, the sample was 

run through with the rollers approximately 1/8 inch apart. The 

objective was to break the rocks without smashing the individual 

mineral grains (Folk, 1968). 

The samples were then wet-sieved. The material finer than 
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90-mesh was washed away; the grit coarser than 74-mesh was retained 

and soaked for a longer time in order to promote further disaggrega¬ 

tion. The grit between 74- and 90-mesh was retained and dried. When 

the samples were dry, the grit was run through a Frantz magnetic sepa¬ 

rator. The current was set at 0.8 amps, and the dip of the slide 

was adjusted to be the most advantageous for the individual sample. 

The angle varied, but the dip of the long axis was about 12° and 

the rotational angle about 15° for most samples. In this manner, 

a grit with a biotite content of 10-50% was obtained. The magnetite 

collected on the electromagnet was also saved. The samples were then 

dry-sieved in order to eliminate any fine debris still present. 

The biotite separate was purified further by a heavy mineral 

separation with bromoform and/or tetrabromoethane. Most of the bio¬ 

tite settled with the heavy mineral fraction, resulting in a separa¬ 

tion containing 40-80% biotite. The final step in the biotite 

purification was the removal of impurities by hand-picking under a 

microscope, A concentration of 90-95% biotite was obtained. It 

should be noted here, that the term "biotite” is used to refer to 

any flaky mineral, including green, black, brown, and red biotite, 

muscovite, phlogopite, and minor chlorite. The typical ’’black bio¬ 

tite” predominated in all the samples, with phlogopite and green, 

brown, and red biotite comprising a substantial portion of the total 

’’biotite” content. 

Potassium and Argon Analysis: 

The potassium content of the biotite, necessary for K/Ar dating, 
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was determined in two ways: 1) by flame atomic absorption and 2) 

gravimetrically with sodium tetraphenylboron. The procedures fol¬ 

lowed were those listed in Appendix #2 of John Sutter's M. A. thesis 

(1968). The atomic absorption analysis was performed on the Rice 

University Geology Department's Model 214 Perkin-Elmer Flame Photom¬ 

eter. Each sample was analyzed twice by atomic absorption and by 

the sodium tetraphenylboron methods. 

The argon content of the biotite was determined on the Rice 

University Geology Department's mass spectrometer. The procedure 

followed is described in Jack Hartung's thesis (1968). Each sample 

was analyzed twice for argon content, and the average value calcu¬ 

lated. 

Results of K/Ar Dating: 

The results of four age dates are summarized below: 

Sample # Apparent Age K% 

1st Run 2nd Run 

S-2 35.9 my 34.6 my 7.77 
S-7 50.5 my 49.1 my 6.47 
Cus-10 46.7 my 46.9 my 6.94 

W-3 37.0 my 36.4 my 6.91 

The results appear to be anomalous with respect to the hypothe¬ 

sized age of 01igocene-Miocene. The samples S-7 and Cus-10 would 

correspond to Upper Eocene, while samples S-2 and W-3 would be Lower 

01igocene. There are two possible conclusions: 1) the apparent 
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isotopic ages are correct, which implies that the volcanic rocks of 

the Gueydan were formed in the Upper Eocene to the Lower Oligocene, 

or 2) they are incorrect because either the biotite was partially 

reworked from older sediments, or the biotite was altered and/or 

leached and, thus, deprived of potassium, increasing its apparent 

age. 

Discussion of Age Date Obtained: 

The possibility that the biotite has been reworked should be 

explored further. McBride et al. (1968) state that the Gueydan in 

outcrop is estimated to be 82% tuffaceous clay, 9% sand or sand¬ 

stone, 1% conglomerate, 5% bentonite, and 3% vitric tuff. The 

samples from which biotite was separated for age dating included 

three tuffaceous clays and one sandstone. Since the mode of origin 

of these rock types is so important, a review of this aspect is given 

below. The origin of the tuffaceous clay is thought by McBride et al. 

(1968) to be alteration of ash-rich sediments in the soil zones. 

They also conclude that some of the tuff beds are clearly stream 

deposits, some tuff and ash beds are air-fall deposits, and some 

tuff beds may be mud-flow deposits. Bailey (1926) thought that the 

tuffaceous clay was largely material reworked from older Gueydan 

strata and mixed with small amounts of non-volcanic detritus by 

streams. From the above statements, it appears that most of the 

sediment contained within the Gueydan is primary or recycled Gueydan 

particles, especially for the tuffaceous clay rock type. A good 
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discussion of the problems involved for this type of rock is given 

in Evernden, Savage, Curtis, and James (1964, p. 154). 

McBride et al. (1968) state that the sandstone interbedded 

with volcanic arenite in Duval and Karnes Counties is made up of 

almost entirely volcanic rock detritus and locally-derived intra¬ 

clasts from within the Gueydan. Sandstones in the lower part of 

the Gueydan in and south of Duval County contain significant amounts 

of carbonate rock fragments and quartz that were derived from older 

sedimentary rocks. The sandstone north of Duval County is rich in 

quartz, but contains only trace amounts of carbonate rock detritus. 

Sandstones in the lower part of the Gueydan and north of Karnes and 

south of Duval Counties are mostly fine- and medium-grained rocks. 

The single sandstone sample used in this study was taken from 

Gonzales County and found to contain 30-50% glass shards within a 

fine-grained matrix. However, rounded grains in the framework were 

also present. According to McBride et al. (1968), this sample was 

probably from the lower part of the Gueydan. 

McBride et al. (1968) further report that the Gueydan sandstone 

is deficient in quartz when compared with common varieties of sand¬ 

stone. They also state that the majority of the quartz is of the 

unstrained variety, typical of volcanic source rocks. The remaining 

quartz is mainly of the common variety. Only 2% is the polycrystalline 

variety, which is thought to be mostly derived from metamorphic source 

rocks which are insignificant within this formation. 

These authors also found sanidine, plagioclase (twinned and 

untwinned), volcanic rock fragments, clay clasts, carbonate rock 
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fragments, chert and various heavy minerals. The heavy mineral suite 

found in medium- to coarse-grained sandstone samples rich in volcanic 

rock fragments is predominantly augite, titanaugite, and hornblende. 

Finer grained sandstones with less volcanic rock fragments are rich 

in zircon, sphene, garnet, and apatite. McBride et al. (1968) con¬ 

clude that the heavy mineral suite is dominated by volcanic grains. 

Furthermore, most zircon and much apatite occur as euhedral grains 

that have undergone little abrasion. The presence of rounded apatite 

and tourmaline suggests, however, contributions from older sedimen¬ 

tary rocks. 

In a study conducted in portions of Gonzales, Lavaca, and 

Fayette Counties, McCracken (1967, unpublished University of Houston 

M. A. thesis) found that the Gueydan contained many indications of 

first cycle grains, along with an appreciable amount of multicycle 

sediments. As evidence for first cycle grains from volcanic rocks, 

he lists the following: 1) slightly abraded zircons; 2) local 

concentrations of coarse sand-sized, angular to subangular bi- 

pyramidal quartz; 3) angular vitric shards; 4) fresh angular 

sanidine; and 5) twinned plagioclase. The evidence for multicycle 

sediments is as follows: 1) the presence of abundant quartz, well- 

rounded and sand-sized; 2) the presence of chert and limestone 

detritals; and 3) ultrastable minerals in the non-opaque heavy 

mineral fraction. 

Callender and Folk (1958) list the following as indices of 

volcanism: 1) volcanic glass shards; 2) plagioclase content greater 
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than 1/10 total feldspar; 3) idiomorphic quartz phenocrysts; 4) sub- 

hexagonal biotlte flakes; and 5) idiomorphic zircon. They also state 

that normal sand is composed of 1 or 2% mica, of which muscovite is 

50 to 100 times more abundant than biotite. In volcanic beds, how¬ 

ever, the biotite is equal to, or exceeds, the muscovite content. 

They conclude that the Gueydan is almost entirely volcanic with abun¬ 

dant bentonite and tuff beds. Many beds of sand consist of nothing 

but abraded grains of volcanic glass, while others contain abundant 

zoned plagioclase, sanidine, and volcanic rock fragments. 

Callender and Folk (1958) offer two possibilities concerning 

the origin of idiomorphic zircon in sands: 1) zircon from volcanic 

debris is characteristically idiomorphic, while zircon from other 

primary rocks, such as granite or schist, is less so; or 2) the 

volcanic grains were contributed in ash falls directly into the sea 

or with only brief terrestrial transport, so that they remained 

largely unabraded, while zircon from other sources had to travel 

more rigorously over much greater distances, or were frequently re¬ 

cycled through older sediments so that more abrasion took place. 

Ihe second possibility is believed to be more prevalent. It is 

possible to apply the same conclusions to any other mineral, includ¬ 

ing biotite. If the biotite is euhedral, then it has not been re¬ 

worked very much. 

From the evidence cited from the above authors, several broad 

conclusions can be formulated. The main source of detritus in the 

Gueydan was apparently silicic volcanic rocks; other minor sources 
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of detritus include carbonate and other older sedimentary rocks. 

Metamorphic rocks were an insignificant contributor of sediment. 

First cycle grains with euhedral, idiomorphic boundaries such as 

zircon, apatite, and quartz are abundant in the Gueydan and show 

little sign of reworking. Second or multicycle grains are also 

present, but are well-rounded and abraded greatly so as to imply 

reworking from older sedimentary rocks. 

Biotite is much more abundant in volcanic-derived sediments 

than in other sediments; specifically, pseudo-hexagonal biotite is 

an indicator of volcanism. The presence of euhedral biotite indi¬ 

cates that the biotite was formed in conjunction with volcanic 

activity and has, most likely, not been reworked to a great ex¬ 

tent. Reworking of older biotite into the Gueydan is possible, 

but improbable because biotite is not plentiful in the provenance 

from which the rounded ultrastable grains originated. 

Another fact not to be overlooked is that biotite is not a 

stable mineral, and would therefore suffer under reworking condi¬ 

tions. A mineral stability series is given in Reiche (1950), which 

lists biotite as more resistant to weathering than hornblende, 

augite, and olivine, while the minerals quartz, muscovite, and 

potash feldspar are more resistant than biotite. Also, when rank¬ 

ing heavy mineral stability, he lists zircon, tourmaline, and garnet 

as having greater stability than biotite, while apatite, hornblende, 

and augite are less stable. Thus, when minerals such as apatite, 

hornblende, and augite are present, some in an almost unabraded form, 
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it can be concluded that the sediment has not undergone extensive re¬ 

working, especially from the standpoint of low biotite stability. 

However, when rounded zircons and other grains are found, most of the 

biotite will have been previously destroyed. Furthermore, the hard¬ 

ness of 2.5 assigned to biotite and the mineral's one excellent 

cleavage (Berry and Mason, 1959) tend to make the mineral physically 

unstable. 

The samples of the Gueydan which were examined under a micro¬ 

scope contained biotite showing only minor abrasion. Many of the 

grains were in the pseudo-hexagonal or sub-hexagonal form, indica¬ 

tive of volcanism. These grains also had shiny cleavage faces and 

sharp edges, without an alteration rim. Only a small percentage 

(estimated) of very rounded biotite grains were present. From the 

fresh-looking appearance of most of the biotite grains, it seems 

unlikely that potassium has been leached from the biotite lattice. 

However, the author could find no definite criteria for leaching 

of potassium and the possibility is not necessarily ruled out. 

From the facts presented above, it appears to the author that 

very little biotite has undergone extensive reworking, and that 

most of the biotite was formed in the Gueydan rocks. Furthermore, 

the age of the biotite represents a fairly reliable indicator of the 

age of the Gueydan rocks 
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CONCLUSIONS 

The average Th, U, and K content of the Gueydan was found to 

be 8.9 ppm, 3.0 ppm, and 1.06%, respectively. These values are 

somewhat lower than those proposed for acidic volcanic rocks, and 

some of these elements may have been leached from the Gueydan. The 

average field determinations are slightly higher than the average 

laboratory determinations, although both distributions are log nor¬ 

mal, as is the entire radioelement distribution in the Gueydan. 

The isotopic age determinations are thought by the author to 

be good approximations of the volcanic material in the Gueydan. 

The Gueydan material may be somewhat older than had been previously 

hypothesized. There is, however, a considerable range in the age 

dates, which can be attributed to the complex stratigraphy and re¬ 

working of the material. The complex nature of the Gueydan would 

tend to indicate a range in ages for different parts of the unit. 
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TABLE I 
AVERAGE VALUES OF Th, U, K 

ARRANGED BY COUNTIES, SOUTH TO NORTH 

Laboratory Determinations; 

County Tb ppm U ppm K % Th/U 

Starr 8.9 2.59 1.08 3.36 

Webb 4.3 2.95 0.62 3.16 

Duval 9.4 2.28 1.08 4.72 
McMullen 12.2 3.10 1.32 4.38 

Live Oak 13.3 2.56 1.12 6.27 

Karnes 11.1 3.18 1.55 4.24 

Gonzales 12.8 4.37 1.01 3.98 

Fayette 8.7 2.63 0.47 4.42 

Field Determinations: 

County Th ppm U ppm K % Th/U 

Starr 8.1 2.60 1.46 3.40 

Webb 5.4 1.83 1.05 3.32 

Duval 7.3 2.57 1.07 3.08 

McMullen 9.8 2.91 0.81 3.44 

Live Oak 10.1 2.24 0.93 4.77 

Karnes 8.4 3.06 1.06 3.27 
Gonzales 9.3 3.84 1.15 2.94 

Fayette 7.4 2.77 0.68 3.12 

Total Average Field + Lab Determinations: 

County Th ppm U ppm K % Th/U 

Starr 8.4 2.52 1.30 3.18 

Webb 4.9 2.30 0.87 3.29 

Duval 8.2 2.45 1.07 3.72 
McMullen 10.8 2.98 1.02 3.75 

Live Oak 11.4 2.37 1.01 5.46 

Karnes 9.1 3.11 1.26 3.67 

Gonzales 11.6 4.06 0.90 3.20 

Fayette 7.9 2.67 0.59 3.48 



TABLE II 

Th, U, K DATA BY COUNTY 

Gonzales County: 

Lab Data Field Data 
Sample # Th ppm U ppm K % Th/U Th ppm U ppm K % Th/U 

G-la 14.8 3.7 0.90 3.46 14.6 3.9 1.62 3.71 

G-lb 22.4 12.5 6.9 2.32 1.83 

G-2a 16.7 2.4 1.13 6.90 12.0 3.3 0.95 3.89 

G-2b 48.5 4.7 0.94 8.15 19.2 4.6 1.29 4.15 

G-3a 4.7 4.4 0.6 1.09 7.00 

G-3b 7.2 1.0 1.04 5.90 6.0 1.3 0.97 4.72 

G-4a 7.3 2.9 0.60 2.20 5.0 2.9 0.78 1.69 

G-4b 6.0 6.6 0.44 0.92 5.3 4.1 0.85 1.27 

(Rh-55) 3+ 2.3 8.3 0.08 0.36 

Cus-1 20.4 3.5 1.40 15.3 4.6 0.96 3.32 

Cus-2 7.2 2.6 1.43 7.5 2.5 1.74 3.05 

Cus-3 10.4 2.9 1.52 8.5 2.8 1.50 3.03 

Cus-4 4.5 1.0 0.60 5.7 1.3 0.81 4.16 

Cus-5 11.4 4.1 1.01 2.72 

Cus-6 4.1 9.8 -0.06 7.7 7.1 0.85 1.08 

Cus-7 7.9 2.0 0.50 6.4 2.3 0.68 2.72 

Cus-8 15.9 2.4 1.10 12.3 3.4 0.99 3.59 

Cus-9 6.0 1.6 0.63 5.0 2.2 0.57 2.32 

Cus-10 19.0 9.0 1.79 10.9 5.1 1.81 2.13 

Cus-11 15.4 7.7 1.13 10.6 8.7 1.05 1.21 

Cus-12 14.6 8.5 1.99 8.1 6.2 1.59 1.31 

Cus-13 14.0 3.1 0.97 7.9 2.8 0.80 2.83 



Fayette County 

Lab Data Field Data 
Sample # Th ppm U ppm K % Th/U Th ppm U ppm K % Th/U 

F-la 7.0 2.0 0.36 3.33 4.8 1.7 1.00 2.89 

F-lb 9.4 1.6 0.61 7.4 1.8 0*50 4.26 

F-3a 8.7 1.3 0.37 6.35 5.7 1.9 0.59 3.03 

F-3b 7.5 2.0 0.60 3.82 

F-4a 9.4 5.0 0.26 1.87 6.6 4.5 0.55 1.47 

F-4b 9.5 4.4 0.89 10.7 5.8 0.87 1.84 

F-5a 10.6 1.8 0.29 5.90 9.3 2.7 0.50 3.50 

F-5b 6.3 2.3 0.51 2.84 6.1 1.5 0.84 4.15 

Duval County: 

Lab Data Field Data 
Sample # Th ppm U ppm K % Th/U Th ppm U ppm K % Th/U 

D-la 6.5 2.0 1.08 5.7 1.6 0.54 3.74 

D-lb 6.2 3.6 1.40 1.74 

D-3 18.3 3.6 0.74 5.03 

D-3a 12.9 2.9 0.90 4.40 

D-3b 6.9 2.7 1.13 2.61 

D-4 9.5 3.2 0.95 2.89 

D-4a 6.6 3.0 1.11 2.20 

D-4b 7.6 3.2 1.25 2.37 

D-7a 8.2 1.2 0.67 6.60 7.5 2.2 0.79 3.37 

D-7b 8.9 3.1 1.99 2.82 7.1 2.9 1.33 2.42 

D-8 7.8 2.2 1.01 3.54 5.0 2.1 1.00 2.40 

D-17a 9.4 2.0 1.3 4.70 7.1 2.7 1.30 2.62 

D-17b 6.8 0.9 0.89 7.45 8.0 1.3 1.08 6.05 



Karnes County: 

Lab Data Field Data 
Sample # Th ppm U ppm K % Tb/U Th ppm U ppm K % Th/U 

K-la 25.6 6.2 4.87 4.13 9.6 2.8 1.30 3.40 

K-lb 9.7 1.9 1.11 5.18 7.9 2.3 1.38 3.89 

K-2a 9.2 3.1 0.83 2.96 9.9 4.0 0.72 2.49 

K-2b 9.6 2.8 3.20 3.48 7.6 2.2 1.04 3.32 

K-2c 16.0 1.4 1.15 11.4 

K-3 6.1 3.4 0.48 1.74 7.2 0.7 1.21 10.6 

K-7 10.8 2.6 1.29 4.00 

K-7a 6.0 2.2 0.64 2.67 

K-7b 6.7 3.2 1.27 2.06 

K-8a 7.6 2.1 1.16 3.70 

K-8b 10.6 2.7 1.92 3.84 7.3 2.2 1.06 3.40 

K-8c 8.2 4.5 1.06 7.4 4.1 1.04 1.84 

K-10 8.1 3.2 1.15 2.53 

K-10a 8.1 1.6 0.74 5.15 7.8 2.3 0.68 3.32 

K-lOb 9.4 3.7 1.26 3.80 7.1 2.7 0.61 2.92 

K-lla 9.6 4.4 1.30 2.18 

K-llb 8.7 3.2 1.30 2.76 

K-13 9.6 3.2 1.30 3.02 

K-14a 12.7 4.3 1.13 2.66 11.1 4.9 1.02 2.26 

K-14b 10.4 6.0 1.05 1.74 



McMullen County 

Lab Data Field Data 
Sample # Th ppm U ppm K % Th/U Th ppm U ppm K % Th/U 

M-l 11.1 3.9 1.66 

M-2 17.9 4.1 1.55 4.21 

M-2a 12.0 3.8 0.81 3.11 

M-2b 9.4 2.5 0.71 3.72 

M-4 9.5 2.4 1.15 3.83 

M-4a 7.4 3.3 0.80 2.41 

M-4b 7.6 2.0 1.22 3.86 

M-7a 10.4 2.0 0.92 5.11 10.6 2.5 0.71 4.20 

M-7b 11.9 3.6 0.64 3.34 

Live Oak County: 

Sample it 
Lab Data Field Data 

Th ppm U ppm K % Th/U Th ppm U ppm K % Th/U 

LO-la 12.7 1.7 1.01 7.35 9.1 1.3 0.99 6.95 

LO-lb 9.8 3.7 0.98 2.67 6.0 2.1 0.96 2.80 

LO-2a 13.3 2.0 1.26 6.75 7.4 2.6 0.95 2.86 

LO-2b 9.4 4.3 1.23 2.20 9.0 2.8 0.98 3.22 

LO-8a 16.7 1.9 1.16 8.95 12.2 2.7 0.66 4.46 

LO-8b 16.2 1.5 0.92 9.14 

L0-8c 18.0 1.8 1.10 9.70 10.6 2.7 1.04 3.94 



Starr County 

Sample ft 

Lab Data Field Data 

Th ppm U ppm K % Th/U Th ppm U ppm K % Th/U 

S-l 13.8 3.9 1.12 3.58 

S-la 8.7 2.8 1.02 3.14 

S-lb 11.6 3.6 1.24 3.20 

S-2 5.7 2.2 0.87 2.58 

S-2a 13.9 3.8 1.96 3.62 

S-2b 13.2 4.3 1.65 3.05 

S-3 11.5 3.3 1.76 4.58 

S-3a 7.6 2.7 1.68 2.78 

S-3b 10.4 2.0 1.96 5.25 

S-4 6.6 1.2 1.53 5.40 

S-5 6.1 3.5 0.97 1.76 

S-5a 7.1 1.9 1.18 3.76 

S-5b 8.5 2.7 1.85 3.19 

S-7 9.9 2.8 1.81 3.53 

S-7a 10.2 2.2 1.69 4.70 

S-7b 7.2 3.6 1.28 1.97 

S-7c 9.7 1.8 1.62 5.42 

S-8 4.7 2.0 0.94 2.27 

S-8a 4.1 1.5 0.57 2.68 

S-8b 4.3 1.8 1.04 2.40 

S-9a 4.4 2.0 1.15 2.25 

S-9b 5.1 2.2 1.36 2.26 

S-9c 5.6 2.6 1.44 2.17 

S-10 2.6 3.2 0.23 0.82 



Starr County (Continued) 

Sample tt 
Lab Data Field Data 

Th ppm U ppm K % Th/U Th ppm U ppm K % Th/U 

S-12 12.2 1.4 1.75 8.85 

S-12a 4.8 2.4 2.02 1.98 

S-12b 9.4 2.2 2.57 4.25 

S-13 4.5 2.0 1.0 2.24 

S-13a 18,0 1.6 1.25 11.3 2.7 1.06 4.22 

S-13b 9.4 2.5 0.86 3.68 

Webb County: 

Lab Data Field Data 
Sample it Th ppm U ppm K % Th/U Th ppm U ppm K % Th/U 

W-3a 2.7 4.1 0.15 4.2 3.2 1.08 1.51 

W-3b 8.2 1.8 1.02 4.35 

W-5 5.8 1.8 1.09 3.16 

W-5a 4.3 1.2 1.07 3.58 

W-5b 3.6 1.1 1.03 3.86 
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