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ABSTRACT 

The Oligo-Miocene fluvial uranium host aquifers of the South Texas uranium 

province were derosited principally as syndepositionally oxidized sands and 

muds. Early intrusion of reactive sulfide-enriched waters produced large intra

stratal islands of epigenetic sulfidic alteration, which are characterized by 

isotopically heavy pyrite exhibiting unique replacement textures. The only 

available reservoir for such sulfidic waters is the deeply buried Mesozoic car

bonate section that floors the thick, geopressured Tertiary basin fill. Thermo

baric waters were expulsed upward along major fault zones into shallow aquifers 

in response to a pressure head generated by compaction and dehydration processes 

in the abyssal ground-water regime. Vertical migration of gaseous hydrogen sul

fide was of secondary importance. Repeated flushing of the shallow aquifers by 

oxidizing meteoric waters containing anomalous amounts of uranium, selenium, and 

molybdenUlIl alternating "lith sul fidic thermobaric waters caused cyclic precipita

tion and oxidation of iron disulfide. Commercial uranium deposits formed along 

hydrologically active oxirlation interfaces serarating epigenetic sulfidic and 

epigenetic oxidation zones. Multiple epigenetic events are recorded in local 

imperfectly superiJllposed, JIlultirle mineralization fronts, in regional and local 

geometric relationsllips between different alteration zones, and in the bulk 

matrix geochemistry and [lJineralogy of alteration zones. The extremely dynamic 

mineralization fllodel describpcf Illay be representative of processes active in many 

large, depositionally active basins. 
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INTRODUCTION 

The coastal plain of Texas is an increasingly important producer of epige

netic sandstone uranium resources. The rapidly expanding data base generated by 

both exploration and mining has, within the past decade, led to development and 

refinement of exploration concepts that are, in some respects, unique to the 

province. Models initially applied were based on attributes of the well-studied 

epigenetic uranium deposits of the Wyoming Tertiary basins. The roll-front mod

el and its implicit epigenetic oxidation-reduction zonation proved successful to 

a poi~t, because Gulf Coast deposits do exhibit many features of their Wyoming 

counterparts. However, deeper exploration and more sophisticated description of 

known deposits reveal.fundamental differences between the depositionally active 

Gulf Coastal Plain and the interior Tertiary basins. Interior basins have been 

depositionally moribund since the mid-Tertiary, and the total sediment pile 

above uranium-bearing aquifers is decreasing as older Tertiary strata continue 

to be eroded. In contrast, basinward stratigraphic equivalents of principal 

Gulf Coast fluvial uranium hosts, the Catahoula and Oakville Formations, have 

been buried deeper than 15,000 ft (4,500 m), and burial has continued throughout 

the late Tertiary and Quaternary. In addition, Gulf basin host sands overlie 

thick sequences of underconsolidated older Tertiary and Mesozoic sediments, 

which have not yet attained hydrostatic equilibrium with the surface. The 

result is a hydrologically active basin in which counterflow of geochemically 

different water masses has existed since deposition of the host fluvial systems 

and continues to exist. 

The evolving, hydrochemical systems and the diverse fluid fluxes in such a 

dynamic basin have produced complex distributions and styles of epigenesis. 

Shallow uranium deposits that are most directly influenced by the active 
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meteoric ground-water regime typicdlly closely resemble the roll-front type of 

mineralization (Ear<jle ]nd others, 1975; McKnight, 1972). However, at depth, 

""d in parts of shallO\J aquifers that have evolved flow systems greatly 

'Jifferent from earlier systems, alteration and mineralization patterns and 

zonation reflect a complex interplay of water masses of different chemistries 

(Goldhaber and others, 1978; Goldhaber and others, 1979a; Galloway and Kaiser, 

1980). Commonly used evidence for alteration front geometry is obscured. In 

particular, limonitic oxidation of iron may be masked by reintroduction of re

ducing, sulfidizing waters. Gabelman (1977) argued that such reducing waters 

\vere derived from deep, overpressured basinal muds and that they constituted the 

actual uranium-enriched ore-forming fluid. Subsequent data do not support the 

latter contention; nonetheless, Gabelman correctly pointed out the potential 

importance of the interaction of different water masses in the South Texas 

uranium province. 

Obj ect i ve 

This report synthesizes published and new data on the hydrogeologic frame

work, paragenesis, and epigenetic zonation of uraniwn ore-producing parts of the 

coastal plain fluvial aquifers to interpret and document the history, nature, 

and economic significance of evolving fluid flow patterns in a compacting basin. 

Several specific questions are addressed: 

1. What are the available ground-water reservoirs, and what are their 

chemical characteristics? 

2. Is vertical movement of fluids, particularly those derived from consio·· 

erable depth, confined to major structural features (Eargle and others, 1975; 

Goldhaber and others, 1978)? 

3 
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3. Are vertically leaked fluids aqueous solutions, gases (as inferred by 

many authors including Eargle and Weeks [1961J and Klohn and Pickens [1970J), or 

some combination of both? 

4. What characteristic epigenetic zonations are produced within the aqui

fer matrix during flushing by the various available fluids? 

5. What pattern or patterns of successive fluid fluxes commonly result in 

or are associated with uranium mineralization? 

This paper summarizes and reviews, in the context of each of these ques

tions, the implications of the existing data base and thereby refines the gen

eralized model for the origin of uranium deposits in Oligocene and younger 

fluvial depositional systems of the South Texas uranium province. Many elements 

of this model may apply to other mineral deposits in similar compacting, thick 

sedimentary basin fills. 

Methodology 

The Oakville Formation (Miocene) \~ithin Live Oak County (fig. 1) was se

lected as the focus of investigation. Two major, relatively well known 

Oakville-hosted uranium districts lie within the county along either margin of a 

major paleo-fluvial trend, the George West axis (Galloway ahd others, in press) 

(fig. 1). Characteristics of Oakville uranium deposits, particularly their 

structural and depositional settings, general geochemistry and paragenesis, and 

deposit geometries, appear to be typical of deposits in underlying Catahoula and 

overlying Goliad fluvial host systems. 

Cuttings from petroleum test wells were examined, and observations were 

combined with generalized information based on uranium exploratory drilling to 

produce a regional alteration map of the lower Oakville sand sequence, which 

hosts most uranium deposits. Core samples and drill cuttings donated by mining 

4 
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Fi9ure 1. Location of lite study urea and rosition of the underlying Lower Cre
taceous shel f Illdt'qill. 
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companies were used for detailed geochemical and mineralogical description .of 

epigenetic zones in and around mineralization fronts in both the George West and 

the Ray Point districts. Mineralogy of recognized zones was determined by con-

ventional petrography, X-ray diffraction studies, and scanning electron micro-

scope examination. Reflection microscopy of core samples from the George West 

district (Childs, in preparation) supplemented similar analyses for the Ray 

Point area by Goldhaber and others (1979a). Major constituents, including sul-

fate, carbonate, ferric iron and ferrous iron, were determined quantitatively by 

chemical analyses. Trace metals typically enriched within the deposits, includ-

ing uranium, molybdenum, and selenium, were analyzed by spectrofluorometry. A 

suite of additional trace and major elements was determined quantitatively by 

inductively coupled plasma emission s'pectroscopy. Selected samples were sub

jected to carbon or sulfur stable isotopic analysis. All data have been tab

ulated and are on open file at the Bureau of Economic Geology. 

The combined mineralogical and geochemical characterization of each zone, 

along with the spatial association of successive zones" provides a basis for re-

constructing ground-water chemistry, flow direction, and origin of the waters 

responsible for altering the aquifer matrix. Data on the hydrodynamics and hy-

drochemistry of modern ground-water systems and reservoirs of the Texas Gulf 

Coast Basin were compiled and related to geometric and geochemical attributes of 

the various alteration zones. 

Finally, a paragenetic sequence based on zonal superposition and interpret-

ed succession of diagenetic events was used to infer direction and historic 

evolution of ground-water fluxes through the mineralized parts of the shallow I 
fluvial aquifers. Recognition of the epigenetic zones and reconstruction of 

their ~patial and temporal relationships provide the basis for evaluating I 
exploration results in geographic and stratigraphic frontiers in the South Texas 

I 
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uranium province and illustrate a process model that may apply to many other 

hydrologically active depositional basins. 

AQUIFER ALTERATION 

The geochemistry, mineralogy, geometry, and internal zonation of both 

oxidizing and reducing alteration events that are preserved within the aquifer 

matrix record the successive flushing episodes by ground waters derived from 

different reservoirs. Shmariovich (1973) described and contrasted idealized 

epigenetic alteration patterns produced by the flux of sulfidic, reducing waters 

and by oxidizing waters through an aquifer (fig. 2A). Not all of the geochem

ical zones described by Shmariovich have been recognized in Oakville sediments 

of South Texas. Nevertheless, analogous epigenetic reduction and oxidation 

events are apparent (fig. 2B) and include syndepositional oxidation, epigenetic 

oxidation, and epigenetic sulfidization. 

Syndepositional oxidation is characterized by alteration of iron phases to 

hematite. Presence of hematite implies either long-term, kinetically slow dehy

dration of original ferric oxyhydroxides formed by oxidation and hydrolysis of 

ferrous iron minerals in water-saturated media, or rapid riehydration due to pe

riodic desiccation at warm temperatures (Langmuir, 1971). Indeed, features of 

many hematitic samples suggest paleosoil formation under subarid conditions 

(Galloway and others, in rress). Hematitic alteration is commonly described as 

"primary oxidation" by geologists working in the South Texas Ilraniulll province. 

The implication that much of the Oakville is therefore a primary red-bed 

sequence is confirmed by core and sample examination. Fluvial deposits of both 

the underlying Catahoula Formation and the overlying Goliad Formation aprear to 

have been similarly oxidized and dehydrated by syndepositional and earliest 

diagenetic rrocesses. 

7 
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Figure 2. Geochemical zonations produced by epigenetic oxidation and reduction 
of a shallow, meteoric aquifer. A. Idealized zones produced in a reduced aqui
fer by circulating oxidizing uranium-bearing meteoric water, and in an oxidized 
aquifer by intrusion of sulfide-bearing reducing ground water (modified from 
Shmariovich, 1973). B. Idealized geochemical zonation typical of mineralized 
parts of the Oakville aquifer of the South Texas uranium province. 
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Epi!]enetic oxidation ;s characterized by limonitic alteration of iron .min

erals. Presence of ferric oxyhydrox;des indicates comparative youth relative to 

hematitic oxidation. Two variations are recognized. Phreatic oxidation occurs 

above the modern water table in shallowest, outcropping parts of the Oakville. 

More extensive tongues of limonitic alteration extend far below the water table 

into permeahle sands. 

Epigenetic sulfidization is recognized by the presence of well-crystallized 

to finely dispersed iron disulfide (primarily pyrite) and consequent gray color 

of the rock matrix. Reduction of the South Texas fluvial aquifers appears to lle 

characterized by importation of additional sulfide. Gley (sulfide-deficient) 

alteration, though present, appears to he comparatively minor. Spatial distri

bution relative to mineralization fronts (fig. 2B) as well as detailed mineral

O(JY of the sulfide phases, indicates that regional epigenetic sulfidization Inay 

he superimposed on both syndepositionally and epi<jenetically oxidized ground 

(Goldhaber and others, 1979a; Galloway and others, in press). The latter SitUd

tion, which is a common attribute of lTlany South Texas uraniulll deposits, is conl. 

Illonly called "rereduct ion. II 

Regional Alteration Patterns 

The distribution of the three principal alteration zones within the hi<jhly 

lIlineralized lower Oakville sands of Live Oak County and vicinity is sh()~m in 

fiqure 3. The Ray Point. district lies \'lithin a pervasive zone of sulfidic re

dllction that extends lIlore than 10 mi (16 kill) dO\'Jndip and at least 12 mi (20 krll) 

Ilpdip wilhinthe underlying Catahoula tuffs and fine sands. A large ton9ue of 

epi<jenetic oxidation, approximately 20 hy 10 rni (30 by 15 km) in extent, 

sllrrOllrlds tile elongate remnant of sulfidic section that hosts the Geof!Je t·Jest 

deposits. Presence of limonitic alteration implies the earl ier existence of 

9 
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Figure 3 
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sulfidic sediment in this area as well. Downdip parts of the Oakville pri~arily 

exhibit hematitic, syndepositional alteration. 

The strike-elongate trend of the alteration zones, as well as the close 

assvciation of strong sulfidic reduction to major fault segments, supports the 

contention that the deep-seated fault zones have acted as loci of fluid movement 

into and through the shallow aquifers. Furthermore, careful comparison of 

changes in stratigraphic thickness across the two faults that intersect the two 

uranium districts reveals a similar history of displacement characterized by 

(1) initial rapid growth during deposition of early Eocene deltaic and fluvial 

strata, (2) quiescence during late Eocene deposition, and (3) modest reactiva-

tion beginning in Oligocene and most likely extending at least through Miocene 

]III time. Thus the faults that form the cores of epigenetically altered parts of 

the aquifer have a history of renewed activity that was contemporaneous with and 

• • • • 
• 
• 
• 

subsequent to deposition of the Oakville fluvial system. 

In contrast, alteration shows only moderate correlation with the dominantly 

dip-oriented fluvial facies trends shown in figure 3. The major tongue of epi

genetic oxidation expands downdip generally along a major high-transmissivity 

channel belt. 

Detailed Alteration Geometry and Zonation 

The characteristics of alteration zonation in two major areas of Oakville 

uranium concentration, the Ray Point and the George West districts, have been 

examin(~ in detail. Geometry of the principal mineralization fronts and areal 

Figure :1. (left) Regional alteration zonation of lower Oakville sands, Live Oak 
County dnd adjacent areas. Possible related structural and stratigraphic 
features include major deep-seated fault zones, fluvial axes, and the Cretaceous 
shelf edges. Extensively sulfidized ground characterizes the northeastern part 
of the county and extends far updip into the older Catahoula section. In the 
central and southwestern part of the county, islands of sulfidic· Oakville are 
surrounded by syndepositional epigenetic oxidation zones. 

11 



o 
I 
o 

Ikm 
I 

"0 

i 

Imi 

,~..,., " . . . . . . . . . . ~ 

Figure 4 

12 

EXPLANATION 

Basal Oakville sand isolith 

Control point 

Mineralization front and inferred 
extent of cogenetic alteration 

Direction of modern meteoric 
ground-water flow 

0 __ -0 Hydrologic cross section (fig, 21) 

• 



• 
• 
• • 
• 

extent of cogenetic alteration tongues within the stratigraphie, structura~, and 

modern hydrologic context are shown in figure 4. In both districts, mineraliza-

tion fronts lie along the margins of highly transmissive, thick basal Oakville 

sand belts. Both the fronts and the host sand sequence show a general paral

lelism to faults that displace the Oakville section. The George West area is 

particularly interesting in that two major fronts appear to converge from both 

the updip and the downdip directions upon a narrow fault-defined graben 

(fig. 4A). This geometry can be explained only if (1) the fault acted as an 

efficient discharge boundary, or (2) development of the fronts was sequential 

and occurred under different ground-water flow conditions. 

Three core traverses of mineralization fronts (fig. 5, A-C) illustrate typ-

ical cross-sectional geometries of the fronts and bounding alteration zones. 

Fronts approximate the well-known C-shaped roll in two cross sections (fig. 5, 

A and B) but display no nose in the third (fig. 5C). Geometry, combined with 

trace metal zonation across the front, defines the polarity of the front 

(Harshman, 1974; Galloway and Kaiser, 1980). In all three examples, the inte-

rior of the front represents cogenetically altered ground, and a vector compo-

nent of flow of the mineralizing ground water crossed the front from left to 

right in the diagrams. Visual inspection of samples, however, readily shows 

that the altered interior is pyritic and reduced in all three examples. Only 

the two updip cores in the Ray Point traverse contain oxidized sediment. 

Pyrite-free oxidized interiors were also penetrated by several shallow cores 

from the George West district that do not lie on a traverse; they were sampled 

to supplement geochemical and mineralogical studies. Such resulfidization of 

Figure 4. (left) Geologic framework, mineralization front geometry, interpreted 
cogenetic alteration (oxidation) pattern, and direction of modern ground-water 
flow in the George West (AJ and Ray Point (B) districts. Note the subparallel 
sand isolith and fault trends and their close relationship to mineralization 
patterns. In contrast, modern ground-water flow shows little relation to 
mi nera 1 i zat i on front geomet ry and inferred po 1 a rity. 

13 
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modification typical of the South Texas province. 
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the oxidized upflow interior of a mineralization front in the Ray Point district 

has been described and documented by Goldhaber and others (1979a) and appears to 

be a common product of the f1 ui d f1 ow hi story that produced Oakvi 11 e urani um 

depos it s. 

Geometric considerations can thus be used to further subdivide the sulfidic 

zone into epigenetic sulfidic barren (ESb) or mineralized (ESm) facies and re

sulfidized altered mineralized (RsAm) or barren (RsAb) facies. In combination 

. with the syndepositional oxidation (SO) and epigenetic oxidation (EO) zones 

(including shallow phreatic oxidation [PO]), six potentially distinctive altera-

tion facies characterize uranium host sequences within the Oakville fluvial 

system. Distribution of these zones is shown on the core traverses. 

Geochemical and Mineralogical Characterization 

Analyses of more than 260 samples provide the basis for a geochemical 

description of each recognized alteration facies.* Results are summarized in 

table 1. Where possible, constituents were related to mineral phases identifi-

able by petrographic or X-ray diffraction studies. 

Syndepositional Oxidized Zone (SO): Uranium, molybdenum, and selenium con

centrations are all very low. Iron occurs at background levels, almost entirely 

in the oxidized form and mostly as hematite. No heavy mineral separates of SO 

samples have been examined, but outcrop observations suggest the presence of 

detrital iron titanium oxide minerals. Carbonate content is low and consists 

primarily of detrital grains, reworked pedogenic nodules, and paleocaliche. 

Other trace metals occur at background levels typical of the entire sample 

suite. 

*Raw analytical data are on open file at the Bureau of Economic Geology, The 
University of Texas at Austin. 
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Table I. Geochemical characteristics of various alteration zones sampled In the George West and Ray Point districts. 

listings show: average (range inclusive of 90 percent of al I samples). number of samples analyzed. 

Syndepositio~a! Oxi~ized 

Zone 

2( 1-3), 11 

4(2-9), 11 

1(0.5-2), 11 

0.12(0.03-0.2), 11 

2. 7( 1.4-3.9). 11 

6(2-10), 11 

0.13(0.06-0.33), 11 

2.1( 1.3-3.1), 11 

0.24(0.12-0.36), 11 

0.030(0.018-0.045), 11 

73(27-130), 11 

8( <5-20), 11 

17«12.5-37), 11 

48 ( 1 2-87), I 1 

45(22-69), 11 

159(108-218), 11 

134(97-177), 1: 

Phreatic Oxidized 

Zone 

2.5(2-3), 4 

3.5(2-5), 4 

0.2(0.\-0.3), 5 

0.03(0.01-0.02), 5 

2.2( 1-3), 5 

6( \-1\), 5 

0.03(0.01-0.06), 4 

Fe52' Fe203. C03=' 5°4=, and Fe in weight percent, al lathers in ppm. 

Epigenetic Oxidized 

Zone 

10(2-14), 32 

5(2-12), 32 

13(1-8), 32 

0.2(0.03-1.0), 32 

2.8( 1.0-5.0), 32 

5(1-15),32 

0.12(0.02-0.2), 32 

2. 3 ( 1 - 3.3 ), 26 

0.23(0.12-0.33), 26 

0.031(0.01-0.13), 26 

64(40-110), 26 

8(3-18), 32 

28(9-110), 32 

57«5-90), 26 

53(24-70), 32 

155( 116-200), 26 

129( 75-200), 26 

Epigeneti~ Oxidized 

Zone 

\.5(1-2), 2 

0.4(0.2-0.6), 2 

0.25(0.2-0.3), 2 

3.7(3.4-4), 2 

9.5(9-10), 2 

G E 0 R G EWE 5 T 0 I 5 T RIC T 

Wholly to Partly Resulfidized Altered Zone 

Mineralized 

97(12-125), 28 

5(2-22), 28 

74(5-105), 28 

1.6(0.3-4.0), 28 

1.4(0.4-4.2), 28 

9(4-21), 28 

0.14(0.02-0.89), 28 

2.2(0.5-4.7), 26 

0.15(0.06-.35),26 

0.047(0.013-0.15), 26 

68(42-103), 14 

7(2-11), 28 

9(4-22), 28 

44«5-114), 14 

39(12-95), 28 

155(108-234), 14 

126( 69-198), 14 

Barren 

3( 1-10), 12 

4(1-7), 12 

2(1-6), 12 

0.8(0.3-1.6), 12 

2.4(0.8-4.0), 12 

7(4-15), 12 

O. 20( O. 02-0. 27), 12 

2.4(1.2-4.0), 12 

0.24(0.05-0.44), 12 

0.027(0.013-0.077), 12 

62(24-165), 11 

11(6-23), 12 

92(4-699),12 

49(5-107), 11 

54(13-100), 12 

180(130-288), 11 

1I6( 69- 154), 11 

RAY POI N T 0 I 5 T RIC T 

Resulfidized Altered Zone 

Minerai ized 

53( 18-400), 22 

\8( \-6), 22 

36«\"':60), 22 

1.2(0.4-3.0), 22 

1.8 (0. 6-2. 3), 5 
10(3-18), 22 

0.29(0.0\-0.8), 22 

\. 3 ( O. 5-3. 2) , \6 

0.035(0.03-0.06), 4 

6(2-18), 6 

11(2-20),6 

48 ( 16-130), 6 

Barren 

5(4-6), 2 

2( 1-3), 3 

1.5(0.5-3), 3 

0.5(0.5), 2 

1.1(1.1),1 

11 (10-13), 3 

1.0(.73-1.3), 2 

5(5), 1 
15( 15), 

157(157), 

Epigenetic 5ulfidlzed Zone 

Mineralized Barren 

1170(8-12,000) 78 7(2-10), 31 

63(5-310) 78 6(1-7>, 31 

13( 1-317), 78 1 (0.2-6) 31 

1.9(0.5-4.8), 78 1.0(0.4-1.6), 31 

1.4(0.5-4.0), 78 2.9(0.6-4.0), 31 

8(5-20), 78 10(5-22), 31 

0.20(0.04-2.0), 78 O. 17 (0.08-0.30), 31 

2.0(0.5-4.5), 70 2.7(1-3.5), 31 

0.19(0.08-0.34), 70 0.33(0.13-0.40), 31 

0.032(0.01-0.09), 70 0.031(0.015-0.044), 31 

62( 17-187), 56 36(20-80), 31 

11(3-38), 78 20( 5-50), 31 

32(6-214), 78 30(6-80), 31 

36 (5-121), 56 61(17-90), 31 

66(20-120), 56 70(30-100), 31 

180(130-200), 56 203(120-280), 31 

126( 80-200), 56 160( 100-210), 31 

Epigenetic Sulfidized Zone 

MineraliZed 

346 (4-1300), 38 

110(9-500), 38 

20(0.1-34), 38 

2.5(0.5-4.0), 38 

10(3-17), 38 
0.18(0.02-1.0), 38 

\.1(0.4-3.0), 36 

9(5-10), \0 

\1(3-20), \0 

48(16-72), 10 

Barren 

8(4-17), 3 

3(2-4), 3 

0.5(0.4-0.7), 3 

2.0( 1.7-2.0), 3 

5(4-5), 3 

0.02(0.01-0.02), 3 

3.2(2.7-3.4), 3 
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Epigenetic Sulfidic Zone (ESb and [Sm): Concentration of uranium, 

molybdenum, and selenium ranges from very high within mineralized parts of the 

zone adjacent to the alteration front boundary to low background values (a few 

ppm) in areas distant from ore. Greatest values of total iron occur in barren 

sulfidic sediments (generally near faults); in contrast, mineralized samples 

appear to be slightly depleted in total iron. Iron disulfide content is high, 

typically exceeding 1 percent. Greatest abundances typify the mineralized part 

of the zone, with some samples containing more than 4 weight percent iron 

disulfide (table 1). Sulfide phases include both pyrite and marcasite that show 

a distinctive paragenetic sequence and specific morphologies (Goldhaber and 

others, 1979a; Childs, in preparation). Pyrite replacements of detrital 

i ron-t itani urn ox i de mi nera 1 s form cores that are typi cally rimmed by marcasite 

(fig. 6, A and B). In addition, simple crystals or crystal clusters of pyrite 

are similarly rimrned by a later marcasite phase (fig. 6, C and D). 

Ferric iron (expressed as Fe203) is also abundant, but depletion in the 

mineralized zone is indicated. Most significantly, sulfide isotopic analysis 

shows that resultant values represent the mixture of two end members; at Ray 

Point, Illarcasite contains extremely light sulfur (= 634 5 averaging nearly 

-55 penni 1), v/hereas the pyrite cons i sts of heavy sulfi de averagi ng bet\'/een +10 

and +20 permil (Goldhaber and others, 1979a). New data (Childs, in preparation; 

M. R. Goldhaber, personal corniliunication, 1980) from the George ~'Jest district 

confi rm a simi 1 ar trend. Carbonate content is moderate to hi gh. Carbonate is 

locally enriched in or near the mineralized part of the sulfidic zone, forming a 

halo that mimics the roll-front geometry (Gallm'/ay and others, in press) 

(fig. 7). Excess carb·onate comrnonly occurs in disseminated euhedral pore

filling calcite over~rowths on detrital carbonate grains (fig. 6, E and F). 

Average trace metal s content shov/s 1 ittle evidence for systematic enrichment, 
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but scattered, anomalously high values for vanadium, copper, nickel, and z~nc 

may indicate some redistribution or concentration. 

Epigenetic Oxidized Zone (EO): Uranium and selenium contents range from 

moderate to high, slightly exceeding comp~~able abundances in barren, epigenet

ically sulfidized ground (·~ble I). Molybdenum, in contrast, is depleted. Iron 

content is average and is dominated by ferric species, primarily limonite, which 

occurs as patchy grain coati,,~~ (fig. 8) and disseminations within matrix and 

rock fragments. Iron-titanium oxide phases are most likely absent, but few 

samplp~ ~f epigenetically oxidized sand have been analyzed for heavy mineral 

content. Carbonate content is variable, but typically low. Trace metals show 

no evidence of concentration; averages are low to moderate. 

Resulfidized Altered Zone (RsAb and RsAm): Uranium and selenium concentra

tions range from low to quite high depending on proximity to the mineralization 

front; thus barren and mineralized subzones are distinguished. Molybdenum con-

tent is low. Iron abundance is typical of the entire sample suite. Both fer-

rous and ferric phases are subequally abundant in the mineralized rim, whereas 

ferric iron dominates in the barren interior of the zone. Total iron disulfide 

content of resulfidized altered ground is significantly less than that of the 

epigenetic sulfidic zone (table 1, fig. 7A). Iron disulfide phases and tex-

tures are relatively simple. Single and clustered pyrite crystals and 

Figure 6. (left) Characteristic diagenetic features of the epigenetic sulfidic 
zone. A. Partially sulfidized detrital iron-titanium oxide showing twin 
lamellae that are preserved within the replacement pyrite (p). Entire grain is 
toated by a marcasite rim (m). R. Completely replaced iron-titanium oxide grain 
preserving relict twin structure in pyrite core (p). Marcasite rim coats the 
grain (m). C. Core of authigenic cubic pyrite (p) coated by marcasite rim (m). 
D. Marcasite cluster with surficial coating of authigenic smectite. E. Euhedral 
calcite spar pore-filling cement (c) showing faint zoning produced by variable 
iron content (revealed by staining). F. Euhedral calcite spar cementing 
detrital sand grains. Scales given by bars in each photograph are as follows: A 
through C = 0.05 mm, D = 0.01 mm, E= 0.05 mm, F = 0.1 mm. Photos A through C 
are reflected-light photomicrographs of polished sections; E was photographed 
under plane polarized light; D and F are scanning electron photomicrographs. 
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Figure 7. Geochemical zonation ~long the Ray Point front sample transect. 
{I.. Distribution of iron disulfide. rlote enrichment typical of the mineralized 
boundary between the two sulfidic zones. R. Distribution of carbonate sho~ling 
depletion within the resulfidized altered zone. Such depletion is a relict of 
carbonate leaching associated with advance of the earlier epigenetic oxidation 
front. 

20 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

J 

J 

J 

J 

J 

I 



• • • • 
• 
• 
•• 

,,',.:' ;''''lI(I!!!': ', •.•. ; . 
• ," '.11 ,')., ,~, 
'. - ... ~ I·.~~;,~ 

• . . I~ ,I • " "' • 

Figure 8. Limonite nest produced by epigenetic oxidation of iron disulfide 
grain. Plane polarized light; length of bar is 0.5 mm. 

intergranular aggregates and pyrite-marcasite intergrowths occur (fig. 9, A-C). 

Textures indicating sulfide replacement of iron-titanium oxide minerals are 

notably absent. Sulfur of this zone is characteristically enriched in 34S 

at both Ray Point and George West, with samples measuring as heavy as +28 permil 

(Goldhaber and others, 1979a; Childs, in preparation). Other trace metals show 

a few unusually high values (note especially nickel in table I). Carbonate is 

depleted in much of the resulfidized altered tongue (fig. 7B), and particularly 

low values (less than 6 weight percent) indicate considerable leaching of both 

the preexisting intergranular calcite cement and the detrital limestone and 

caliche fragments that characterize Oakville sands (Galloway and others, in 

press). Such leaching is particularly evident near and within the mineralized 

subzone (fig. 7B) but may be highly localized and selective (fig. 90). 

Additional Diagenetic Features: Silicate mineral phases also show signifi-

cant diagenetic modification, including leaching of detrital grains of plagio-

clase feldspar and volcanic rock fragments and precipitation of smectite clays 

around detrital grains (fig. 90). Clay minerals in particular provide a 
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Figure 9. Diagenetic features characteristic of the resulfidized altered zone. 
A. Intergrown pyrite (p) and marcasite (m) grain with partial later stage rim 
(r). Note absence of relict detrital iron-titanium oxide core. Reflected 
light; length of bar is 0.05 mm. B. Scattered euhedral pyrite crystals (p) (in 
micritic matrix); length of bar is 1~. C. Detrital grain aggregates cement
ed by pyrite (p); length of bar is 0.25 mm. D. Partially etched euhedral cal
cite spar cement (s) and well-developed authigenic smectite. Note the local
ized effect of leaching in this sample. Length of bar is 1 ~. 
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highly reactive phase that has been shown to reflect the geochemical zonatton of 

many uranium deposits. However, montmorillonite is the dominant clay mineral in 

all Oakville zones, and no pronounced zonation is evident. Traces of kaolinite 

are, however, more common within epigenetic sulfidic samples at Ray Point 

(Reynolds and others, 1980a; Galloway and others, in press). 

In addition to general trends toward carbonate enrichment in and around the 

mineralized epigenetic sulfidic zone (fig. 7B), pore-filling and replacement 

calcite spar (fig. 10, A and B) occurs as local caps or pervasive masses within 

sand bodies adjacent to faults. Geologic relationships observed along various 

mineralization fronts suggest that the spar, which may completely occlude all 

macropore space, can precipitate both before and after ore formation. Isotopic 

analyses of carbonate-cemented samples, pure vein-filling calcite, and cement

free samples containing only detrital limestone and caliche fragments (table 2) 

indicate that the carbonate is highly enriched in 12C. Extremely light carbon 

(o13C less than -30 permil), such as that characterizing the sparry pore and 

vein fills, is probably produced by oxidation of methan~ or other hydrocarbons 

in a regime of shallow ground-water circulation (Goldhaber and others, 1979b). 

In addition, thin, scattered pods of spar cement occur in many ore bodies and 

may exhibit moderately light carbon, perhaps reflecting early formation from 

oxidation of detrital plant debris. 

Generalized Alteration Model 

Integration of both regional and district alteration characteristics 

provides the basis for a generalized alteration model for the Oakville fluvial 

system (fig. 11). Geometry, spatial interrelationships, and diagenetic features 

establish a sequential paragenetic evolution involving (1) sulfidization of 

dominantly syndepositionally oxidized sediments along segments of major faults, 

and (2) partial epigenetic oxidation of the sulfidized sediment accompanied 
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Figure 10. Pervasive spar cement locally found in and around faulted parts of 
the Oakville aquifer. A. Complete cementation of sand by sparry calcite pore 
fill. Enlarged areas (r) indicate total replacement or recrystallization of 
detrital grains. Plane polarized light; length of bar is 0.25 mm. B. Blocky 
calcite pore fill leaving only microporosity along grain boundaries and within 
pedogenic and authigenic clay rimming detrital grains. Length of bar is 0.1 mm. . I 
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Figure 11. Generalized alteration zonation typical of the Oakville aquifer in 
the study area. t'1ultiple epigenetic events produce a highly structured geochem
ical and mineralogic assemblage. 
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Table 2. Carbon isotope composition of selected Oakville samples 
(POB standard). 

lithology 13C 

Ra~ Point District (fault-related cementation and cap rock) 

Mcl-2 Massive spar vein fill -33.3 
Mcl-5 Massive spar and lron disulfide vein fill -20.4 

Mcl-1 Highly spar-cemented sandstone -14.9 

F-1 Spar-cemented sandstone -14.2 

Z-3-157 Spar-cemented sandstone -22.3 

George West District (Pervasive fault-related cementation) 
GW-1-275 Spar-cemented sandstone -19.8 
GW-1-300 Friable sand -9.9 
GW-3-290 Spar-cemented sandstone -21.0 
GW-3-295 Spa r-cement ed sandstone -21.0 

George West District (cementation not associated with fault ) 

Pl-520 Spa r-cemented sandstone -7.4 
Pl-620 Spar-cemented sandstone -19.8 
P2-460 Friable sand -6.9 
P2-487 Friable sand -7.8 
P2-600 Friable sand -8.4 

P3-620 Friable sand -6.8 

P4-604 leached, friable sand -15.4 
P4-625 Fri able sand -8.7 
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by metallogenesis, followed by (3) one or more events of additive resulfidi

zation of all or much of the oxidized ground. Upflow margins of the sulfidic 

facies exhibit a renewed phase of oxidation that may occur above or below the 

existing water table. This latest oxidative phase may redistribute existing ore 

bodies if it encroaches on an existing mineralization front, but it is not 

characterized by large-scale concentration of uranium or associated metals along 

its active margin (Henry and others, 1980). In addition, pervasive calcite pre

cipitation, which is also closely associated with fault segments and cuts across 

the zonal boundaries (fig. 11), may occur within the aquifer at any point in 

evolutionary development of the other alteration zones. 

Specific alteration zones are defined by the oxidation state of contained 

iron and by textural features of the oxidized or reduced iron mineral phases 

present. To a lesser degree, abundance and morphology of calcite reflect the 

zonation. Uranium, molybdenum, and selenium, though principally concentrated 

at a major zonal boundary (fig. 11), also reflect the zones (Harshman, 1974). 

Other trace metals and elements show, at best, very poor correlation with 

alteration zonation. 

Complex Zonal Structure 

The general alteration model necessitates four discrete epigenetic altera

tion events--two episodes of sulfidization interrupted by oxidation and metal

logenesis, all followed by renewed oxidative encroachment. It would not be 

surprising if some areas retained evidence for more than two cycles of sulfidic 

reduction and oxidation. Complex alteration phenomena and zone development are, 

in fact, recorded by a transect of well cutting samples across a major front in 

the George West district. The transect (fig. 12) illustrates (1) general min

eralogical and geochemical patterns typical of principal alteration zones and 

their boundaries, (2) complexities that indicate multiple alteration of 
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Figure 12. Cross section, based on well logs and cuttings, of a complex multi
ple mineralization front, located in the George West district, and displaying 
all of the principal alteration zones described in. this report. At least three 
weak mineralization fronts (labeled 1, 2 and 3) preserve former boundaries 
between epigenetic oxidation and sulfidic zones of the aquifer. A series of 
intrusions of sulfidic waters rereduced the oxidized interiors producing three 
successive resulfidized altered zones (RsA-1 through RsA-3). Development of the 
most recent epigenetic oxidation zone (EO) has not produced mineralization. At 
different times fronts apparently converged from opposing directions on the same 
fault; ore-grade mineralization in the downthrown block was also produced by 
movement of fluids toward the fault. 

epigenetic oxidation and resu1fidization during development of a mineralization 

front, and (3) mineralization fronts that converge on the same fault segment 

from oPPosite structural blocks. For these reasons the transect will be 

examined in some detail. 

Distribution of uranium (both from geochemical analysis and from gamma-ray 

response) indicates at least two well-developed C-shaped roll fronts (1 and 3) 



separated by a poo~y developed front (2) with a dominant upper wing (fig. 12). 

The lateral continuity and geometry of these individual fronts is documented by 

a series of parallel drill-hole cross sections along the strike of the 

mineralization front. In the down-dropped block, a large nose1ike ore body was 

penetrated (fig. 12, wells Gl through G3 and PI). 

Anomalous values for molybdenum occur primarily downdip of the nose and 

wings of front 3. Significant selenium concentration occurs mostly updip of 

this front (fig. 12). However, the trace metal zones overlap and do not reflect 

a well-ordered pattern typical of most ore-bearing fronts (Galloway and others, 

in press). Detailed description of zonation is, of course, precluded by the use 

of drill cuttings. Significantly, analyses do not indicate uranium concentra

tion along the boundary of the updip epigenetic oxidation tongue (EO), although 

anomalous molybdenum values do occur irregularly within oxidized ground 

(fig. 12, wells G18 and P4). Uranium concentration along this band of imper

fectly superimposed mineralization fronts (approximately 0.5 mi or 0.8 km wide) 

does not attain ore grade or size. Where fronts merge along strike, however, 

tenor improves and minable deposits occur. 

Copper is the only analyzed trace metal to show enrichment in individual 

alteration zones. Average copper content is highest in sulfidic ground near the 

fault (fig. 13), suggesting a genetic association with epigenetic sulfidization. 

Copper does not, however, show a direct correlation with sulfide or uranium con

tent of individual samples. 

Lateral and vertical distribution of iron phases within potential host 

strata not only defines the major alteration zones (fig. 14A) but also delin

eates the complex internal structure of the sulfidic zones, further supporting 

the presence of at least three successive mineralization fronts and associated 

resulfidized altered interiors (fig. 148). Maximum sulfide c,ontent outlines the 

roll geometries of the three mineralization fronts. Although total iron content 
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Figure 13. Distribution of copper within the drill cutting sample section 
averaged by well, although low, shows a marked increase in sulfidic zones near 
the fault. For well and sample positions, see figure 12. 

remains relatively constant updip from the fault, weight percent of iron disul-

fide decreases systematically across successive resulfidized interiors of the 

three mineralization fronts (compare average values for wells G4, GIl, and G16). 

Further, distributions of ferrous and ferric iron characteristic of the mineral-

ized sand differ markedly between fault blocks. 

Distribution of total carbonate reflects a similar zonation. Both oxidized 

zones are comparatively depleted of carbonate, as is the interior of each of the 

successive resulfidized altered tongues. Carbonate-rich halos or ribs outline 

the downdip margin of each mineralization front, and total average carbonate 

content increases toward the fault and into zones where epigenetic oxidation was 

less frequent (fig. 15A). Like that of iron, carbonate distribution within the 

host sand differs markedly on the downdropped side of the fault, suggesting a 

different flow history in structurally separated parts of the aquifer. 

Development of multiple mineralization fronts and their associated altera-

tion zones is reflected in trace element chemistry and mineralogy, and documents 

the hypothesis that fluid fluxes responsible for both oxidizing and sulfidizing 

conditions within the aquifer could recur. Water masses of radically different 

chemistry and origin have been able, at least locally, to repeatedly flush the 
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Figure 14. Distribution of iron phases across the complex front shown in fig
ure 12. A. Average iron disulfide content of the sand body increases progres
sively toward the fault, indicating the additive character of sulfidization. 
Abundance of oxidized iron (expressed as weight percent Fe203) is somewhat 
higher within the epigenetically oxidized zone, then drops to a constant value 
",Jithin sulfidic zones. "Residual iron" reflects a consist~nt difference between 
total iron, as determined by inductively coupled plasma 2mission spectrometry, 
and treated sample separates designed to remove only sulfide or oxide iron 
phases. The difference may include iron in relatively insolublE sites not 
r~llloved by the mineral-specific leaches. Note the contrast in -i-on content on 
different sides of the fault. B. Contoured distribution of iror, disulfide 
outlines principal epigenetic zones and emphasizes the increased concentration 
of disulfide at mineralization fronts (labeled 1, 2, and 1). Greater 
concentrations of iron disulfide apparent at the base of the sand body are 
inconsistent with the intrusion of free gaseous hydrogen sulfide; rather, 
sulfide mlJst have been uniformly distributed in solution in -intruded, 
sulfidizing ground water. 
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Fif)lJre 15. Distriblltion af calcite, expressed as weight percent C03, across 
the complex front shown in fi~ure 12. A. Average carbonate content increases 
from oxidized thrnllf]1l rpslJ1fidized to sulfidized zones at the falllt, but drops 
sharply actos::; tl}(~ fdillt. B. Two-dimensional distribution of carbonate reflects 
geometry of both the nlodern and the older, resulfidized oxidation fronts. Car
bonate content is greatest at the fanner noses of mineralization fronts (labeled 
1~ 2, and 3) and along the tor> and base of the sand Dody. Very low values (less 
than 4 percent) in oxidized and updip resulfidized altered zones indicate signi
ficant leaching and removal of detrital and early-formed carbonate phases • 
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aquifer. Evidence of early flushing and sulfidizationmay be obscured or de-

stroyed by later epigenetic oxidation, leaving only a single, preserved mineral

ization front along the boundary between oxidized and reduced <jround. t~u1tiple 

1 

1 

fronts, such as those evident in the drill cuttings transect, are preserved only J 

where successive invasions of oxidizing water alter less and less of the sulfid-

ic part of the aquifer. 

Implications for Interpretation of Hydrologic History 

Any i nterpretat ion of the fl ow hi story and source of ground waters that 

have permeated the urani um-beari ng f1 uvi al aquifers of the South Texas urani um 

province must explain the geochemistry and paragenesis of alteration, as well as 

th~ origin of the uranium are itself. 

1. Reduction of the hematitic aquifer matrix requires large-scale impor

tation of highly reactive extrinsic sulfide (table 1). The reservoir for this 

sulfide must be isotopically enriched in 34S. Furthermore, the sulfide must 

i ntnlde tIlt' aqui fer ina di sso 1 ved state rather than as gaseous hydrogen sul-

fide, as proposed by Eargle and Weeks (1961) and most subseqllent authors; ther'fi 

is no evillf:nce for its segregation as a gas cap, which should produce an in-

(l'ei1~cd abllildance of iron disulfide in the upper part of sand bodies. On the 

contrary, sulfide content is commonly high at the hase of the sand body in both 

ES and RsA tones (fig. 14B). 

2. t~igrating fluids do not introduce large amounts of metals other than 

uraniurrI, lIlolybdenum, selenium, and arsenic (table 1). Iron content shows no 

major, systematic variation in zonal abundance. Copper and zinc Illay be slightly 

concentrated in sulfidic zones. 

I 
I 
• 

1 

I 

J 

I , 
3. Similarly, low values of uranium, molybdenum, and selenium in barren I 

sulfidic zones do not support enrichment of these metals by the sulfidizing 

J 
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waters. Uranium and selenium are, 1n fact, slightly more abundant in epigenetic 

oxidized samples, indicating their introduction by the oxidizing ground waters. 

4. Sulfidic reduction is spatially associated with fault zones that are 

characterized by a period of rejuvenated activity during late Tertiary time. 

S. Epigenetic oxidation requires importation of oxygen that reacts with 

iron sulfide to produce ferric oxyhydroxides. Most likely, oxygen is present in 

the ground waters· as dissolved 02 (Granger and Warren, 1978). By implication, 

EO zones record the former existence of a sulfidic zone containing oxidizable 

pyrite or marcasite. 

6. Advance of an epigenetic oxidation front into reduced sulfidic ground 

is characteristically a leaching event. Both sulfide and carbonate are removed 

from oxidized ground and partially reconcentrated as newly precipitated mineral 

phases as ground water flows into the reduced aquifer matrix (figs. 14B and 

ISB) • 

7. Geochemical react ions at zone boundari es are primari ly Eh and pH depen

dent. Potentially reactive silicate phases, such as clay minerals, show little 

relation to zonal patterns. 

8. Sulfidization and epigenetic oxidation are repetitive, competing events 

that record locally complex histories of ground-water flux. 

9. Hydrocarbon gases may intrude the shallow aquifers at various times. 

Local oxidation of hydrocarbons produces highly indurated calcitic concretions 

and caps within sandstones. 

HYDROGEOLOGY OF A COMPACTING BASIN 

The complexity of alteration paragenesis within the Oakville aquifer de

mands successive interactions of geochemically different waters. Intuitively 

one would assume that two or more different sources, or reservoirs, have 
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Figure 16. Ground-water regimes in a thick, compacting basin fill. 

I 
provided fluids that flushed the aquifer. A review of the hydrochemistry of I 
major ground-water reservoirs or regimes of the northwestern Gulf Coast Basin is 

the starting point for interpreting fluid flow dynamics. I 
A general model for the ground-water regimes extant within a thick, com-

I pacting depositional basin includes three end members (fig. 16) (Kissin, 1978; 

Kreitler, 1979). (1) The meteoric regime surrounds the basin margin where sur- I 
face waters infiltrate permeable strata, recharge aquifers, and move in response 

to regional, basinward-decreasing, gravitational head. (2) The elisian regime I 
is characterized by upward and outward expulsion of contained pore waters, pri-

ll1arily from compressible, porous, fine-grained sediment, caused by compaction by I 
1 i thostat ic or tectonic stresses. Pressure head is thus the dri vi ng mechani sm, I 
and waters of this regime may be substantially overpressured if drainage effi-

ciency is restricted by thick, low-permeability units. (3) The abyssal regime I 
includes the deep core of the basin fill where permeability is severely reduced 

by compaction and cementation and large volumes of water are released by dehy- I 
dration reactions of detrital mineral phases. Consequently, pressure and tem-

perature are high, and fluids move in response to the pressure head. I 
Analogous fluid regimes exist within the northern Gulf Coast Basin, though I 

the termi nol ogy ci ted above is rarely appl i ed and boundari es bet\'Jeen the regimes 

I 
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are broad and indistinct. The terminology is useful for this discussion because 

it focuses attention on potentially important differences in waters found in the 

basin fill. A shallow meteoric regime extends to depths of 5,000 ft (1,500 m) 

or more, but is typically most active within the upper 2,000 ft (600 m) of the 

basin fill (fig. 17). Normal hydrostatic pressures persist to depths of 8,000 

to 12,000 ft (2,500 to 3,700 m), although sediments continue to consolidate by 

both compact ion and cementat ion. Expu1 sed pore waters const itute 1 ithogene 

brines and are the dominant fluids within this e1isian, or compactiona1, regime 

(fig. 17). With increasing depth, and commonly with decreasing sand content, 

drainage becomes highly restricted and expu1sed fluids cannot readily escape; 

consequently, abnormal pressure, or geopressure, develops (Jones, 1975). 

Concomitantly, the thermal gradient increases, clay dehydration reactions 

accelerate, in situ fluid pressures approach 1ithostatic pressure, gas 

generation accelerates, and microfractures probably develop. This suite of 

events a'nd reactions is typical of the abyssal regime (Bogomolov and others, 

1978) and suggests that the deeply buried section lying well within the zone of 

so-called "hard" geopressure can be classified as "abyssal" (fig. 17) for the 

purposes of this discussion, although it is somewhat shallower and cooler than 

commonly implied by the term. 

Hydrochemistry of Ground-Water Regimes 

The three ground-water regimes provide potentially geochemical1y distinct 

reservoirs. The hydrochemistry of the meteoric regime is best known and docu

mented. Compactional waters of the e1isian regime, typical oil field brines in 

the Gulf Coast Basin, have also been subject to considerable routine geochem

ical analysis (Texas Water Development Roard, 1972; White, 1965). Recent ex

ploration for hot (300°F, 150°C) gas-charged, geopressured water and diagenetic 

studies in the Gulf Basin are beginning to reveal the hydroch'emistry of deep 
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Figure 17. Ground-water regimes and circulation pathways within the offlapping 
Tertiary basin fill of the northwestern Gulf Coast Basin. Major growth fault 
zones developed within successive progradational cycles that extended the con
tinental platform basinward of the Cretaceous shelf edge. 

thermobaric fluids of a modified abyssal regime (Dorfman and Fisher, 1980; 

Prezbindowski, in preparation). 

Abyssal Regime Fluids 

Thermobaric fluids, including waters, solution gases, and free gases, occur 

within two significantly different types of basin fill. Cretaceous forereef 

slope and basinal carbonate and shale units form the stratigraphic under-
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pinnings of the thick clastic Tertiary section (fig. 7). Lying at depths 

exceeding 20,000 ft (6,000 m), these faulted forereef deposits have been pene

trated by the drill only along their updip margins inland of the major overlying 

Oakville uranium districts (fig. 1). Thick continental slope, prodelta, and 

down-faulted delta margin Paleocene and early Eocene mudstone and minor sand

stone fonn the bulk of the overlying hot, geopressured regime. 

Thermobaric waters are hot, moderately to highly saline, sodium chloride 

brines. Total dissolved solids content ranges from near 10,000 to more than 

200,000 mg/L (Gustavson and Kreitler, 1977; Prezbindowski, in preparation). 

Greatest values occur in parts of the Coastal Plain characterized by salt 

diapirism; consequently, lower values typify deep brines in the South Texas 

uranium province. Very few systematic data on the trace element content of 

abyssal or near-abyssal brines are available. Reports in Dorfman and Fisher 

(1980) provide the most complete data available but reflect a sampling bias 

toward the central Gulf Coastal Plain, northeast of the uranium province. Dis

solved uranium values from analyses of six downdip geopressured brines from 

Oligocene and Miocene reservoirs range from 0.003 to 0.03 gil (T. Kraemer, 

personal communication, 1980). Although the Eh of these very deep \'Iaters has 

not been measured, they can be confidently inferred to be reducing relative to 

iron because of the presence of sulfide and common occurrence of pyrite in the 

host sediments. Data, though scanty, are SUIllIllJrized in table 3. 

The abyssal regime is a major reservoir of gases; light hydrocarhons (prin

cipally methane), hydrogen slJlfide, and carbon dioxide are actively generated by 

thennal degradation of organic debris at the temperatures characteristic of this 

zone (Hunt, 1979). High concentrations of hydrogen sulfide, which is extremely 

soluble in subsurface waters, occur primarily in carbonate reservoirs. In sand-· 

shale sequences, abundantly ava.ilable irotl reacts with reduced sulfur species t.o 

form iron disulfide, thus removing sulfide from solution. Analyses of deep 
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Depth range 
(generalized) 

TDS 

Ca 

HC03 

Si02 

Fe 

Heavy metals 
(Cu, Zn, Pb, Ni) 

Se, Mo, As 

U308 

S04 

H2S, HS-

Eh 

pH 

Table 3. Geochemical characterization of principal ground-water regimes 
of the northwestern Gulf Coastal Basin. 

(mg/L unless otherwise noted). 

Abyssal 
Meteoric Elisian Terri genous 

0-2,000 ft; 5,000+ max 2,000-12,000 ft ~ <12,000 ft ~ 
0-600 m; 1,500+ max 600-3,600 m~ <3,600 m ~ 

102-104 104-105 104-105 

10-103 102-104 102-104 

102-103 102 lOL 103 

10 -102 10 -102 10 -102 

10-1 to <100 <10 lO-L lO 

<10-1 <10 0 <10-L 10 

<10-2 <10-2 <10-2 

<10-1 n.d. <10-5 

lO L 103 <100 -102 100 -102 

<10 <10 <10-2 mol ~ in gases; 
<100 

+500 to -200 mV Reducing Reducing 

6.8 - 8.2 5.5 - 7.5 4 - 6.5 

Carbonate 

<20,000 ft 
<6,000 m 

105 

104 

n.d. 

n.d. 

103-104 

10-102 + 
(Zn; Pb) 

. n.d. 

n.d. 

10 -102 

10-2 to 10-1 
mol % + in gases 

Reducing 

n.d. 

Data compiled from analyses in Galloway and others (in press), Dorfman and Fisher, eds. (1980), Prezbindowski 
(in preparation), Gustavson and Kreitler (1977), Kharaka and others (1977), and White (1965) • 
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brines confirm these predictions. Ilydrogen sulfide is a measurable constitu~nt 

(0.2 to 0.04 mole percent) in gases produced from forereef Edwards Limestone 

reservoirs along the Wilcox fault trend (Moredock and Van Siclen, 1964). Hydro

gen sulfide produced with deep Edwards hydrocarbons is isotopically enriched in 

345, as is typical of deep, thermal sulfide (Goldhaber and others, 1979a). As 

predicted, hydrogen sulfide is rarely present in measurable quantities (less 

than 0.01 mole percent) in qases produced from Gulf Coast sand reservoirs, and 

tYrically measures less than 5 mg/L in rroduced \'/aters (Kharaka and others, 

1980). Carbon dioxide content of gases from both limestone and sandstone 

reservoirs of the abyssal regime averages, several mole percent; methane is thc' 

dominant constituent. Both gases are highly soluble in brine. 

Elisian Regime Fluids 

Compactional fluids of the elisian re0ime include sodium chloride brines, 

hydrocarbon liquids, and gases. Waters do not vary greatly from their deeper 

Tertiary counterparts in overdll composition (table 3) and are of the marine 

connate type (Kharaka and others, 1977). 

Concentration of hydrogen sulfide is low. Significant hydrogen sulfide 

generatinn from buried organic matter begins at temperatures above apprnximately 

250°F (l20°C) but increases suhstantially with further increases in ternperaturf' 

to a peak SOlilelt/here above 338°F (l70°e) (Hunt, 1979) vlithin the abyssal regime. 

Thus both It/aters dnd gases of the elisian zone are sweet; further, solubility ot 

gases (It the lower pressures decreases. rroduced gases commonly conta in 0.1 to 

1 Inole percent carbon dioxide. The hydrocarbon fraction includes abundant 

methane plus heavier fractions, distillate, and liquid petroleum. Most produced 

hydrocarbons of the Tertiary Gulf Coast Basin, and essentially all oil, are c()n-

tained within the elisian zone. 
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Measured values of fluid pH commonly range between 6 and 8 (White, 1965; i 

Kharaka and others, 1977), and the rock is dominantly reduced, containing iron 

disulfide or dispersed organic material, or both. 

Meteoric Regime Fluids 
J 

The geochemistry of waters of the meteoric regime is the best known; Oak- j 
ville waters (table 3) specifically have been extensively analyzed (Henry and 

others, 1980 and in press). Meteoric waters are typically fresh to brackish, J 

mixed calcium-sodium bicarbonate-chloride types. Downflow from the outcrop re-

charge zone several geochemical gradients are apparent. 

1. Bicarbonate increases moderately. 

2. Chloride and total dissolved solids content increase markedly. 

3. The sodium to calcium ratio increases as the absolute amount of calcium 

decreases. 

4. Generally pH increases gradually from about 7 to 8 (fig. 18). 

5. Eh decreases typically abruptly (fig. 18) producing three regional Eh 

plateaus centered around +400, +50, and -100 mV (fig. 19). Dissolved oxygen 

. J 

J 

decreases to below detection limits within the intermediate plateau (fig. 18). I 
6. Dissolved sulfide (measured as H2S) remains below detection limits or 

locally may increase to a few mg/L (fig. 18). Ground-water sulfide in the Ray 

Point district is isotopically light, with 034S ranging between -35 and -60 

per~il, as would be expected from either bacterial or inorganic reduction of 

ground-water sulfate (Goldhaber and others, 1979a). 

Content of trace metals is typically low to very low, except near ore de-

posits. Background uranium, molybdenum, and selenium values are generally less 

than 5 ppb, 10 ppb, and 1 ppb, respectively. Uranium and selenium are most mo-

bile in shallow oxidizing waters; molybdenum is mobile throughout the range of 

Eh and pH conditions typical of modern Oakville meteoric ground waters (fig. 18). 
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Figure 18. Typical downflow geochemical evolution of meteoric ground water. 
From data in Henry and others (in press). 

.L 
a. 

Hydrocarbon gases have been encountered by shallo\'! drilling, indicating tlie 

probable Ilresence of local pockets or caps of methane within shallow aquifer 

sand bodi es. 

Regime Interactions 

The four described fluid regimes in the Texas Coastal Plain contain water 

masses that exhibit some geochemical differences pertinent to interpretation of 

alteration phenomena. (I) Only the meteoric regime contains large volumes of 

oxidizing water. Abyssal and elisian waters are uniformly reducing as evidenced 
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Figure 19. Plateaus of Eh characteristic of the meteoric ground-water regime of 
the Oakville aquifer. Modified from Henry and others (in press), figure 50. 

by presence of soluble sulfide, ammonia, and methane. (2) Circumstantial as 

well as some analytical data indicate that only deepest fluids of the abyssal 

regime, primarily those contained in Mesozoic carbonates, contain significant 

volumes of hydrogen sulfide in both gaseous and dissolved forms. (3) None of 

the water masses is highly enriched in uranium or other trace metals commonly 

found in or around uranium mineralization fronts. 

Of the three regimes, the meteoric system is by far the most dynamic. Lo-

cal segments of the Oakville and underlying Catahoula aquifers do exhibit anom-

alous compositions and concentrations of dissolved solids that are interpreted 

to indicate active or recent discharge of deeper brines into the meteoric cir-

culation system, commonly along fault zones (Galloway and Kaiser, 1980; Gallov/ay 
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and others, in press). The deep-seated grm'lth faults provide the most obvious 

vertical conduits for localized upward discharge of both deep compactional and 

thermobaric fluids (fig. 17). Geophysical data suggest that the deep slope and 

basinal limestone substrate is broken by faulting (C. Winker, personal communi

cation, 1980; ~Jooten and Dunaway, 1977). Within normally pressured sand-rich 

parts of the elisian regime, compaction waters can also move updip relatively 

freely within deltaic and fluvial sand bodies producing broad, diffuse mixiny 

zones where they encounter the active meteoric regime. 

DYNAMICS OF ORE GENESIS 

Rigorous reconstruction of evolving fluid flow dynamics must integrate the 

record of geochemical changes preserved within alteration zones with the known 

geochemical attributes and the flux patterns of fluids derived from available 

reservoirs in the ground-water regimes. The modern, and therefore observable, 

hydrogeology provides the logical beginning for the reconstruction. 

Modern Flow Dynamics and Hydrochemistry 

The shallow Oak vi 11 e aqui fer system is characteri zed, in Live Oak County. 

by development of two intermediate flow cells that collect meteoric recharge and 

move it basinward and along strike toward a focus of discharge along the topo

yraphically low Nueces River valley in the east-central part of the county 

(fig. 20). Dip-oriented, regional flow cells characterize the aquifer across 

sOIJtherllJnost Live Oak County and northward in adjacent Ree County. The I~esult 

of an internlediate flow system within the regional coastward pattern is a major 

updip salient of saline water coincident with the highly transmissive George 

Vlest fluvial axis (fig. 20) • 
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/' / /./,% Sur face recharge zone ,-----,,--, Cr etaceous fault zone 

~ Tertiary fault zones 

~ Oakville outcrop 

• ] Generalized discharge zones for subjacent aquifers o o Recharge from underlYing aqUifer 
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Figure 20. Modern ground-water flow directions and boundaries of the 
aquifer in Live Oak and adjacent counties. Principal recharge occurs 
outcrop and shallow subcrop by infiltration of meteoric water, and by 

Oakville 
along the 
some dis-

charge from deeper aquifers. Waters move basinward in regional flow cells, or 
toward the topographically low Nueces River Valley in intermediate flow cells. 
At depth waters are discharged upward into overlying aquifers. 
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Interpreted flow directions within the George West district (fig. 4A) con

form closely with the intermediate-scale flow pattern. In the Ray Point district 

(fig. 48) faults and topographic irregularities produce complex local flow cells 

that may be further compounded by discharge of more saline waters into the Oak

ville from deeper meteoric aquifers (Smith and others, 1980). 

Regional patterns of epigenetic oxidation (fig. 3) are consistent with the 

commonly accepted interpretation that flux of oxidizing ground water is at least 

partly responsible for the development of limonitic alteration in the aquifer. 

Hydrochemical profiles across alteration zones in the George West district 

(fig. 21) further confirm this assumption. Measured Eh values greater than 

+200 mV and dissolved oxygen values greater than 5 ppm (Henry and others, 1980) 

prove that the actively circulating ground waters are aggressive, oxidizing 

fluids at depth in confined parts of the aquifer. Dissolved oxygen disappears, 

Eh drops markedly, and traces of,hydrogen sulfide appear where such waters flow 

int,o reduced, sulfidic alteration zones (fig. 21). Although modern flow is domi

nantly subparallel to the inferred alteration zone boundaries, a vector compo

nent of cross-flow exists, particularly along the updip mineralization fronts 

(fig. 4A). Hydrochemical zonation accordingly is better defined along the updip 

part of the profile (fig. 21, wells 65 through 80). 

Calculated saturation indices are also cOllsistent with expected mineralogi

cal changes associated with development of epigenetic oxidation fronts. Waters 

remain essentially saturated with respect to silica gel, chalcedony, and cal

cite, showing no apparent zonation (fig. 21). Indices for clay mineral phases 

show no consistent lateral changes (however, significance of such calculations 

is limited by the generalized thermodynamic properties that must be used). As 

expected, iron oxyhydroxide, expressed as amorphous Fe(OH)3, is slJpersdturatecl 

with respect to waters exhibiting a positive Eh, and thus is potentially forll1in~l 
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I 
lateral variation in hydrochemistry and saturation indices of potential reactive I 
mineral phases characteristic of the modern meteoric ground waters. Data show 
that modern waters are aggressively oxidizing parts of remaining sulfidic zones 
and are capable of precipitating iron oxide and sulfide phases in the process of 
this oxidation. Data from Henry and others, in press. For section location, I 
see figure 4. 
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in the epigenetic oxidization zone. Iron oxyhydroxide is undersaturated within 

sulfidic zones (fig. 21). Conversely, where measurable amounts of sulfide are 

present, amorphous iron monosulfideis slightly to moderately supersaturated, 

confinning the possibility of additional sulfide precipitation. The iron sul

fide phase actually precipitated is unknown. Density of well samples does not 

show whether a local pH drop characterizes the active oxidation interface. Such 

a s~arp1y reduced pH produced by rapid oxidation of iron disulfide is believed 

necessary for the precipitation of marcasite noted along mineralized oxidation 

fronts (Goldhaber and Reynolds, 1979; Galloway and Kaiser, 1980) and would ac

count for the observed leaching of calcite from the epigenetic oxidation zone. 

Uranium content in the oxidizing waters is low, averaging about 5 ~g/L 

(Henry and others, in press). This value is nearly an order of magnitude be1o'll 

that commonly believed typical of an ore-forming ground water (Granger and 

Warren, 1978), an observation consistent with the lack of evidence for metallo

genesis along modern oxidation front margins that lie upf10w from existing de

posits (fig. 12). 

In summary, flushing by modern meteoric ground "later is actively producing 

or expanding epigenetic oxidation tongues. r1inor amounts of isotopically light 

sulfide that are produced as waters move into reduced parts of the aquifer 

(Go1dhaber and others, 1979a) do not, however) account for the widespread devel

opment of isotopically heavy sulfidic alteration, nor does evidence favor modr~n 

waters as a primary ore-forming fluid. 

Dynamics of Epigenetic Su1fidization 

The importation of large volumes of isotopically heavy, dissolved sulfide 

is the definitive attribute of epigenetic reduction in shallow Gulf Coast 

fluvial aquifers. A simple calculation using geochemical data from the George 

We~t district (table 1)~ the inferred area of sulfidic alteration (fig. 3), anJ 
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reasonable solubilities of hydrogen sulfide in shallow and deep ground waters 

(Hunt, 1979, p. 170 and 391) shows that only a few pore volumes of thermobaric 

water from Mesozoic carbonate reservoirs could be responsible for the extensive 

sulfidic alteration (table 4). In contrast, several thousand pore volumes would 

be required for equivalent importation of sulfide by typical shallower abyssal 

or elisian waters from Tertiary clastic reservoirs. For comparison, hydrologic 

Qat a (Galloway and others, in press) show that the meteoric flow system flushes 

the same area of lower Oakville aquifer with about one pore volume every 2,000 

years. Thus, flushing by sulfide-enriched abyssal brines derived from the deep 

carbonate reservoir is most reasonable in both time and space, and is supported 

by isotopic typing of the sulfide. 

Kharaka and others (1977) noted a slight increase in dissolved hydrogen 

sulfide in some thermobaric waters produced by condensation of steam and gases 

at the well head. Such condensed water vapors are quite acidic (pH 5.1 to 5.2), 

extremely fresh, and charged with ammonia and organic acids as well as up to 

6 mglL hydrogen sulfide. The very hot fluids, which are liquid under the high 

geopressures of the deep subsurface, vaporize during rapid pressure decline 

associated with natural gas production. Such a process could conceivably act 

naturally if fluid pressure were abruptly released along an active fault. How

ever, the low hydrogen sulfide content of gases from clastic reservoirs, alonC) 

with the few well test data reported, suggests that hydrogen sulfide content in 

the resultant shallow, condensed waters increases by less than an order of mag

nitude. Isotopic analysis of sulfur from shallower, terrigenous clastic reser

voirs would further test the suitability of this potential source. In either 

interpretation, the mechanics of upward migration of such deep-seated fluids 

along faults poses a challenging problem; however, no viable alternative reser

voir of sulfide seems to exist. 
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Table 4: Volumes of sulfide and associated water required for 
sulfidization of the lower Oakville aquifer in the 

George West district and environs. 

Assumptions 

Area 

Thickness 

FeS2 content 

Bulk specific gravity of sand 

Paras i ty 

Calculations 

Volume of sulfidized zone 

Pore volume of sulfidized zone 

FeS2 content of sulfidized zone 

Total sulfur content 

Conclusions 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

192 km2 

100 m 

0.5 wt 0/ 
/J 

2.0 g/cm3 

30 % 

1. 9 x 1010 m3 

5.8 x 109 m3 

10 kg/m3 

1.9 x lOll kg 

1.0 x 1011 kg 

For Tertiary abyssal waters (H2S=1 mg/L), 1017 L or 1.7 x 104 pore 

volumes of water must be discharged into the shallow aquifer. 

For Mesozoic ahyssal waters (H2S=103 to 104 mg/L), 1014 to 1013 L 

or 17 to 1.7 pore volumes of water must be discharged into the 

shallow aquifer. 

f\ part of the IlpvIClrri-rni()rating fluid lIlight include gases. However, 

Pl'ynolds and Goldhdher (1978) show that diffusion rates of gases, once in the 

shallow aquifers, are inadequate to explain the wide-scale sulfidization far re-

moved from faults actually ohserved. Further, solubility of hydrogen sulfide 

,lnd other gases in shallow ground waters, though high, is limited. Direct leak-
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age of large volumes of gas would be expected to form a gas cap, which is not 

evidenced by the generally homogeneous distribution of iron disulfide within 

the aquifer. Evidence favors large-scale expUlsion of abyssal waters highly 

charged with dissolved sulfide along fault zones and subsequent updip, lateral, 

and some downdip migration along highly transmissive parts of the shallow 

fluvial aquifers. 

Flow Dynamics of Aquifer Metallogenesis 

Uranium mineralization and associated epigenetic zonation of fluvial aqui

fers of the South Texas uranium province record a sequential interplay of mete

oric and thermobaric waters. Three different reservoirs are represented. Mete

oric waters may contain either large or small amounts of metals; both varieties 

were capable of producing limonitic alteration. Sulfide-rich abyssal waters 

produced both replacement and duthigenic pyrite within invaded parts of the 

aquifer system, leaving reduced sands and bounding mudstones. The complex, 

polycyclic structure of some alteration fronts preserves the evidence for re

current flushing by both meteoric and abyssal waters. 

Figure 22 provides a graphic SUlllmary of the principal epigenetic events and 

flow phenomena that are recorded by alteration and metallogenesis in the Oak

ville Sandstone of Live Oak County. 

1. During and immediately after deposition of lower Oakville fluvial sands 

of the George West axis, shallow, unconfined to slightly confined, oxidizing 

meteoric ground water flushed much of the aquifer (fig. 22A). Such waters might 

have contained uranium and associated metals, but syngenetic geochemical bar

riers were poorly developed in the dominantly oxidized and leached suite of 

lithofacies. 

2. The first of a series of pulses of thermobaric \'/aters invaded the aqui

fer (fi g. 22B). The reduci ng waters, movi n9 ill response to the extreme pres-
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sure head developed within the fau1ted, geopressured Mesozoic carbonate section, 

spread laterally through the shallow aquifer. StJlfide reacted with iron, pro

ducing epigenetic pyrite in rlecreasing abundance away from the feeder fault zone 

or zones. In addition to the abundant sulfide and possible additional iron con

tained in the thermobaric waters, excess silica, as well as other major anions 

and cat ions, may have reacted with the aqui fer matri x. Ho\'/ever, pervas i ve 

diagenetic phases. directly related to this event are Ilot apparent. Small but 

significant amounts of trace metals, including copper, zinc, lead, and nickel, 

may have been introduced. Data do not convincingly prove gpneral trace metal 

enrichment in sulfidized ground, but local anomalies do occur. This flushing 

and associated reduction was a critical precursor for subsequent large-scale 

uranium concentration. 

3. Following the intrusion of the aquifer by thermobaric waters, normal 

coastward meteoric circulation was reestablished (fig. 22C). Upflow parts of 

the sulfidized aquifer \'/ere epigenetically oxidized as meteoric ground waters 

containing dissolverl oxygen moved coastward down regional hydrodynamic gradient. 

Early oxidizing waters were enriched in dissolved uranium, molybdenum, and 

seleniulll, which vlc're concentrated where flow traversed the C]eochemical interface 

between limonitic and pyritic sediment. (The dynamics of oxidation tongue de

velopment and mineralization are treated by Granuer and Warren, 1978, and 

Gallo\,/ay~ 1979.) I{educed, thermobaric \'/aters were flt/shed from the aquifer, but 

reducing conditions remained because of the epigenetic pyrite within the aquifer 

matrix. Oxidative attack of this pyrite produced a sharp pH drop, which favored 

the authigenesis 01 Illarcasite as the ore stage iron sulfide and the leaching anrl 

redistribution of calcium carbonate along the advancing front. 

4. Discharge of thermobaric fluids from the fault a~Jain invaded the aqui

fer (fig. 220). Sulfide precip~tated additively in rnrts of the aquifer not af

fected by epigenf't.ic oxidation, and a new generation of iron disulfide formed 
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within intruded parts of the epigerrtic oxidation tongue, producing the first 

resulfidized altered zone. 

5. Multiple alternating episodes of oxidation by meteoric waters ant.! 

sulfidization by therlllobaric fluids ensued (fig. 22E and F). The preserved 

record is expectably incomrlete because each erisode of oxidation destroyed all 

or part of preexisting sulfidic zones. Ore grade mineralization develored wherr 

successive oxidation fronts stacked, forming a single, highly enriched mineral-

ization front. Additional increments of iron disulfide were added to the sul-

fidic ground during the reriodic 'f1ushing by thermobaric brines, and by sul-

fide redistribution durin~J ddvance of epigenetic oxidation fronts. Consequent-

ly, the reduced area became an increasingly sulfide-rich island within the 

regionally oxidized aqlJifer. 

6. At some point, active epigenetic sulfidization by intrusion of thermo-

baric waters seems to have slowed or ceased, at least within the study area. 

Age dates for the deposits cit Ray Point suggest that active metallogenesis eneJed 

with a final resillfidization event at about 5.1 fIl.y. B.P. (Reynolds and other~" 

1980b). Subs(~qllpnt sllperqr.ne r'edistriblltion of sulfide (and uranium) is charuc· 

Figllre 22. (left) Cichematic ground-water flux and alteration history 
characteri stir-.M Inineral i zed parts of the f1akvil1e aquifer. A. Syndepositional 
oxidation by 10c(l1, lJnconfined circlJlation of meteoric \'Iaters and by weathering 
above the water table in an arid climate. R. Early intrusion along fault 
segments of sulfidic thermobaric waters and consequent erigenetic sulfidizatiorl. 
C. Renewed metel))'ir. cirClllation and partial eriqenetir oxidation of sulfidized 
ground. Initial milleralization oCClirs alone] the advancinq oxidation front. 
O. Fllrther pulses of thennobaric waters n~slllfidize all or part of the 
epigenetic oxidation zone. E. Another cycle of aggressive oxidation by meteoric 
waters advances throuqh the aquifer. ~Ihere oxidat ion advances to or beyond its 
previous limits, contirHlcd importation of Ilraniufll and associated metals in the 
lIleteoric \'Iatet") irl(T(~aSeS the (Jrade of rnineraliz(ltion. \,Jhere later oxidation 
does not attain its former extent, weakly mineralized relict fronts remain 
entombed in SlJ Hi di c zones. F. ~~uch of the aquifer near 1 eaky fault zones was 
subjected to a final intl~usinn of sulfidic t.herrnobaric water, which resulfidized 
downdip parts of oxidized and mineralized ground. G. Finally, rejuvenated 
circulation of oxidizing meteoric ground \'Iater due to valley incision during 
Pleistocene time has initiated a renewed cycle of epigenetic oxidation. 
However, little ildditional uranium is beinf) introduced by modern waters. 
Significant concpntrations of dissolved IlranilifTI occur only vlhere waters are 
aggressively oxidizing existing deposits and redistributing the metals • 
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terized by isotopically light iron disulfide and dissolved hydrogen sulfide 

(Goldhaber and others, 1979a; Galloway and others, 1979; Austin, 1970). With 

the evolution of coastal plain topography and drainage patterns during 

Pleistocene time, the modern ground-water flow system evolved, and epigenetic 

oxidation again aggressively attacked parts of both mineralized and barren 

sulfidic zones (fig. 22G). However, modern meteoric \'Iaters do not contain suf

ficient dissolved uranium and associated metals to constitute an ore-forming 

fluid. 

PERSPECTIVES 

The well-known roll-front model of sandstone uranium mineralization pre

sumes a relatively uniform distribution of intrinsic reductants, primarily or .. 

ganic material and early diagenetic iron disulfide, throughout the mineralized 

aquifer. Reducing capacity is thus an inherent characteristic of the rock. 

Thi s assumpt ion is vio 1 ated in many cont i nental sedimentary sequences that \'/ere 

deposited in subarid to arid climates and thus subjected to intensive syndeposi· 

tional oxidation. tJranium concentration in such oxidized aquifers requires ear·· 

lier alteration by extrinsic reductants. 

The obvious mobil i ty of hydrocarbon alld hydrogen sulfide gases has made 

them principal sllspects \'Ihere epigenetic reduction has been inferred. However, 

although upward migration of a reducing fluid is commonly indicated by geologic 

relationships of the resultant alteration, evidence for buoyant segregation of a 

free gas phase has rarely been documented. Characteristics of sulfidic altera

tion in South Texas aquifers contradict a model dominated by free gas migration. 

However, appropriate reducing and sulfidic geochemistries exist in deep-basin 

ground-water regimes, and the existing pressure head drives these waters upward 

where they may interact with the supergene environment. A thick, subsiding 
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basin fill can be viewed as a dynamic cauldron, carable of transporting and 

mixing large volumes of soluble oxidants, reductants, and, in some rather spe

cific fluids, metals. Such large-scale fluid migration systems have produced 

major uranium deposits in the South Texas Coastal Plain. Better understanding 

of other epigenetic mineral deposits undoubtedly awaits more sophisticated study 

and application of fundamental concepts of basinal hydrology. 
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