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‘-Petrology and isotope Qeocﬁemistry of cg]cite-in a south Texas
| roll-type uranium deposit.
by M. B. Goldhaber, R. L. Reynolds, R. 0. Rye and R. I. Graucﬁ
| | Abstract
Calcite occufs in nearlyvéqual amounts throughout the»a]tered tongue, ore
zone, and reduced barren grdUnd in the Benavides roll-type uranium depcsit,
south Texas. Petrographic and oxygen isotepic studies indicate that, prior to
mineralization, calcite formed in reduced rcék, as a result of oxidation of
fault-derived methane to COZ' TheA513C of this calcite was isotopically fight
(less than -30 permil). Ouring mineralization, caléita was dissolved in the
“altered tongue and reprecipitated ahead of thé‘migrating rol1-front. This
calcite had’ 6180 va]ues_thaﬁ reflect precipitation from meteoric ground
waters. After mineralization, carbonate was removed;from caliche at the
surface and reprecipitated in the ﬁostvrock.thfoﬁghout the aTtéred tongue, ore
zone, and downdip iﬁto reduced barren ground. This calcite had a 5l3c value
- of abbut -6 to -8 pefmi1.. Authigenic calcite‘in the altered tongue of the
Benavides deposft contrasts greatly with the absence of calcite in the altered

tongues of roll-type deposits in the Wyoming Tertiary basins.



- Introduct ion
Calcite is common in host rocks of roll-type uranium,deposits'and occurs

typically in a marked spatial asymmetry to the redox boundary. In several
Wyoming deposits, calcite is absent or strongly dep1éted in o#idized rock
updip from the rollffront, but is abundant in reduced rock in and slightly
downdip from ore (Harshman 1972, 1974; Dahl and Hagmeief, 1974; Rackley,
1972). Calcite occurs both as a cementing material 1q ore and as
concretionary masses localized aroundlléfge accumulations of éarboniied plant
debris. Pétrographic observations of samples from Wyoming depdsits have
established that this caicite‘may geither predate or postdate the major
uranfum-bearing phases (Melin,v1964; Harshman, 1972). These geometric and
petrographic relationships may be explained by a mechanism in which dfégenetic
and epigenetic'ca1cite is destroyed at the rgdox boundary by acid solutions
deveioped via pyrite okidation (Meiin, 1964, Granger and Warren, 1959;
Harshman, 1972; Réckley, 1972). Pre-ore calcite may be formgdldiagenetically
from carbonate species-re1ease& during organic decay processes. Additional
'ca1c1te can be formed in reduced rock as an epigenetic phase by redeposition
from 1n1t1a11y acid solutions produced at the redox boundary; as the solut1ons
Amove downdip, they arevprpgressvvely neutral1zed by reactions with the host
rock. The range of paragenetic rélatidnships between uranium bearing phases
and calcite suggests the presence of both diagenetic and epigenetic carbonate

in the Wyoming roll-type deposits. »




Stab]e isotopic studies.of carbon and oxygen in calcite have'proved a
valuable adjunct to petrograph1c work in understand1ng the genesis of calcium

carbonate (Hudson 1977). .Carbon in calcite may have a distinctive ratio of

. | . 1
13C/IZC depending upon the source of carbon. Marine carbonates have 613C'

values close to 0 permil. Keith and Weber (1964) obtained an average value of
+0.6 % 1.5'permi1 for 321 selected sampTés of marine carbonates and an average
value oY -4 9+ 2.8 perm11 for 183 freshwater carbonates. In contrast,

12C. Values

organ1c matter is systemat1ca11y enriched in the 11ght 1sotope
of 13C for most terrestrial p]ants fall in the range -24 to -28 perm1]
although. some aquat1c, de;ert, and salt marsh p]ants are heavier (-6 to -19
permi];’Smith-and Epstein,'1971j. When these organic materials are oxidized
and the COZ is precipitated, the resuTting carbonatevwili likewise be enriched

n 12¢ relative to carbonate in marine énd freshwater limestone. Because
methane is isotopically lighter than organic mattér,‘oxidation-of methane to
COzlcan provide carbpnate carbon with 6130 less than -30 permiTl(Hudson,
1977).. |

The major stﬁdy on 613C in roll-type ufanium deposits is that of Cheney

and Jensen (1966). Who reported si3c values of‘calcite associated. with
uranium in the Gas’Hills diStEict, Wyoming. Values of 613C for carbonate
cement in sandétone, much of which was associated with ofganic debris, range
'betwegn +1 and -33.2 permil with a majority of the samples in the range of -10
to -27 permil. These data indicate that oxidation of organic matter was an

important carbon source for the calcite.

1133 (13 12

€/ “C) sample - (13C/12C);standard
(13 126y standard
See techn1ques sect1on for discussion of the standard

C=

x 1000 .
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The oxygen isothpic contant of a carbonaté precipitﬁted from water
depends principal]} upon the isotopic comﬁosition and temperature of thev
water, 'At equilibrium, there is é temperature dependent isotope separation
between the_isotopic ratio of water and that of the carbonate (fig. 1). It is
therefore possible to determine the isotopic composition of the depositional
waters if .an estimate of the temperatufe of formation can be made. Meteoric
waters are highly vériabfe in their oxygen isotope ratio due in part to a
,prondunced latitude effect as reflected in mean anqﬁai‘air temperature (fig.
2). Cheney and Jensen (1966) measured 618O‘d‘n‘the same carbonate suite as was
studied for ‘13C.'AThey reported.a large range of oXygén isotopic compositién
of +18 to -10 permil with a mean of +7 penni1; The mean value reflects
depositfcn fromvwatef'highly enriched in 16O.

Detailed studiesvofAcalcium carbonate associated with rdIT-type;uranfum
deposits are limited to a few ekamples from the Wyoming Tertiary basins. In
this paper we report on abundance, distribution, petrography, and isotobic
composition of calcium carbonate from a roll-type uranium deposit in the south

Texas coastal plain.

Description of Deposit

The Benavides uraniﬁm deposit i5 located near the toﬁn of Bruni in Webb
- County, Texas and occurs in the Oligocene and Miocene Catahoula Tuff. The
samp1é suite and geolbgic settinglhave been described previdus]y by Goldhaber
and Réyholds (1977), Reynolds and GoldhabeE (1978), Goldhaber and others
(1978). Samples were obtained primarily from'core holes (1-9) drilled
perpendicular to the treﬁd of a roll-front (fig. 35._ The core fence is
subparallel to the regional dip (northwest to’éoutheast). Core 1 is at the

updib end of the core fence and core 9 at the downdip end. It is believed,'
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Figure 1.--Isotopic separation of oxygen isotopes in calcite and water, A
(a=6 180 calcite - 6180 water) as a function of temperature. Modified
from Friedman and 0'Neil, 1977,
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" Figure 2.--Oxygen isotopic composition of meteoric water as a function of mean

annual temperature. Modified from Faure, 1977.
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| Figuré 3.--Plan view of the south Texas roll front (dashed 1ine) showing location
- of core holes (circles) along two fences (solid lines).




based uﬁon pfevious wcrk»(Réyno1dsland.Go1dhaber, 1978; Goldhaber and others,
1978), that ﬁhe'deposit formed in twd stages. The first (pre-aore) stage
invalved sulfidization of the host rock by HzS emanating from a fault located
downdip froﬁ the present position of the roll.. Subsequeﬁt invasion of the
sulfidized host rock by dxygenated, uranium-bearing ground water established a

redox. boundary and resulted in mineralization.

Technigﬁes

The complete datﬁ set oﬁ the abundance of carbonaie,'as determined by
‘Qyﬁming Mineral Corp., was presented in a previous report (Goldhaber and
Reynolds; 1977). Petrograbhic data are’based.on study of 19 thin sections and
29'polished thin sections. In addition; 5 of the po1i;hed thin seétions were
examined by the cathodoluminescence,techﬁique using a Nuclide model ELM 28
luminoscape oparated at 11 kv and 0.2 ma beam current. |

Carbon and oxygen isotope ratios were measured on‘carbon dfoxide liber-
ated by reaction with IOO'percent phosphoric acid from se]e;ted samples and
the evolvedACOZ ahalyzed by comparison with PDB carbonaté standard on a Nier-
type mass spectrometer. Results of_fsotcpic ana]ysis‘are reported in
standard notation; 18y s expressed similarly in ténns‘of 180/160 ratios

relative to the SMOW (Standard Mean OceanIWater) standard.

| Resﬁlts_'

Carbonate abundance is summa}izéd in figﬁre 4, which is a plot of the
average (mean) va1ues of cafbohate from individual cbres as a function of core
posftion. Hhere thé cored interval contained both reduced (upper and lower
Iihb) and oxidized (altered tongue) materié] (cores 2 to S), only the oxidized

samples were averaged. The carbonate contents averaged in this way are
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Figure 4.--Plot of averaée calcite abundance (percent by weight of the bulk rock) as a
function of core position along core fence. Vertical bar reoresents : one standard
deviation from the mean. Qashed line indicates oxidized-reduced interface,




éonsistent]y high aiong the entire core fence and show no strong systematic
trends. There is no indication of anomalously low values in the oxidized

- tongue, as have Eeen reported %run Wyoming. Enrichment in reduced rock ahead
of the roll is not marked, although the highest carbonate contents are found
in core 8. |

Petrographic studies of thin sections and polished thin sections reveal
that calcite is the only carbonate phase. Three types of calqite were
identified; authigenic micritic calcite, aﬁthigénic sparry calcite, and
detrital calcite. No consistent parégenetic relationships were noted between
authigenic mfcritic and sparry calcite. These two types were present in
nearly equal amounts. Detrital calcite, identified conclusively only on the
basis'of very rare reworked microfossils is, nevertheless, abundant in some
Catahoula sands. McBride and others (1968) reported that detrital calcite
comprises as much as 20 percent (and averages 5.5 percent) of the framework
Agrains in the Catahoula samples that they studied. These carbonate rock
fragments were chiefly micritic and were derived from Cretacecus marine
sedimentary rocks exposed to ﬁhe west of the Catahoula outcrbp belt (McBride
and others, 1968).

Qur observations of the polished thin sections reveal clear relationships
between calcite andldetrita1 and.authigenic opaque phases. _Authigenic calcite
was observed commonly as rims around pyrite and marcasite in reduced rock. In
the oxidized tongue, calcite Was also seen to be later than ferric oxide
phases (1imonite).which are-theﬁse]ves pseudomorphic after jron disulfides.
Because marcasite formed dufing development of the uranium roll (Goldhaber and
othérs, 1978), as did the ferric oxides in the altered tcngué (Reynolds and
Goldhaber, 1978), it may be.concluded that at least a portion of the calcite

was precipftated after the mineralization.
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Under the luminoscope three types of carbonate were identified: (1)
micrite which luminesces various shades 6f orange; (2) sparry calcite which
1ikewise luminesces arange; and (3) nonluminescent sparry caIcite; The non-
luminescent sparry calcite occurs both alone and in association with
luminescent calcite. In the latter occurrence, the nonluminescent spary
calcite invariably fbrmed»a core which was rimmed by either Tuminescent
micrite or, more typically by Iuminéscent sparry calcite. Nonluminescent
calcite was present throughout the deposit and’consitituted 5 to 20 percent of
the caltite grains eﬁamined. If as noted by McBride and others (1963)
detrital carbonate is micritic, the nonluminescent material is probably
authigenic. We cannot, however, as yet relate this nonluminescent calcite to
other obsarvations prasented in the study.

-Carbon and oxygen isotopic_kesﬁ]ts are containéd in table 1. Trends in
carbon and oxygden isotopes contrastvgreatly.' Whereas carbon ranges broadly in
" its isotopic composition betweén~-5.2 and -25.4 permil, oxygen isctopes are
éssential]y constant with a range of only 0.7 permil (-24.4 permil to -25.1
permil)., Carbon isotope values vary as a function of calcite abundance (fig
5). Samples with high calcite concentrations are systematicélly enriched in
the light isotope 12C. Systematic trends in the Glsc-weight percent CaCO3
“relationships are shown in figure 6. IA samples from the updip part of the
core fence (i]lustrated by data from core 2), variatioﬁ in calcite abundance
corresponds to only slight changes in 613C. However, in samples located well
ahead of fhe roll front (illustrated by data from core 8) variation in calcite
abundance‘corresponds~td major changes in §13¢, Calcite abundance and 813¢
for samples from cores 4 and 6 between cores 2 and 8 show intermediate
behavior. These data demonStfate that the isotopically lightest portion of
the calcite carbon is leocalized preferentially dthdip ahead of the redox

boundary.
1



Table l.--Carbon and oxygen isotope values from the Benavides

deposit, sguth Texas

Core Na. ‘Dehth in meters 518g 6130
1 29.6 - 30.8 24.89 . <6.73
3107 - 32.9 24.95 "6.67
2 33.8 - 35.1 , 24,54 -5.97
42.5 - 43.0 | 24,92 -5.20
43.3 - 43.7 4 24.46 -5.80
. 44.2 - 45.0 24.64 -5.79
4 34.4 - 35.1 ) 24.70 -9.33
35.1 - 35.7 . 24.64 -8.69
36.0 - 36.3 24,79 © -8.95.
36.6 - 36.9 24.64 -7.59
36.9 - 37.2 24.63 : -8.69
37.2 - 375 . 24.86 - . .6.22
37.8 - 38.4 | 24.79 -8.49
38.7 - 39.6 24.71 -7094
42.1 - 42.4 . 24.74 -6.72
44-2 - 44.8 24-92 ) ‘8031
6 © 33.5 - 33.8 24.82 -7.80
36.3 -36.9 24.90 - 27.76
39.0 - 39.3 24,75 | -8.55
41.8 - 42.4 24,71 -6.67
7 34.7 - 35.7 24.82 -8.83
35.7 - 36.3 24.87 -7.31
36.3 - 37.2" 24.58 -12.81
43.3 - 44,2 25.06 . -5.57
8 32.0 - 32.9 24.88 -11.39
33.8 - 35-1 24.55 V '19009
35.1 - 35.7 24.56 -25.40
35.7 - 36.0 24050 '22.06
36.9 - 37.8 20,26 -18.87
40.2 - 41.5 - 24.63 . -9.15
44,7 - 45.6 24.83 . -8.15
9 . 36.6 - 37.8 24,52 -6.49
© 40.8 - 41.8 24.40 -9.39
42,7 - 43.6 24,39 8.13
- 46.9 24064 ' 7.99

45'7
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The curves through the data points are “best-fit* lines drawn by hand.
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Discussion

The petrographic and geochemical data from the Benavides deposit are
useful for determining the origin of the calcita. Tﬁé most important
petrographic observation in this context is that much of the calcite was
introduced after hinera]ization. This conclusion is based upon the
observation that calcite forms rims around limonite and marcasite both of
which formed during ore deposition. Clearly, however, some detritai carbonate -
was present prior to ore deposition.

Bécause oxygen iéotopes of calcite are inherited from depositional
‘waters, the constancy of the oxygen isotopic daté (table 1) demonstrate that
the calcite was deposited from a water of fixed isotopic ccmposition and
temperature, A]ternatiQely, the entire carbonate oxygen raservoir may have
been reequilibrated after deposition Qith.water of a fixed isotopic value.
This second possibility is not likely because although calcite may exchange
oxygen isotopes at T5150°C (for example, Clayton and others, 1968), exchange
at earth surface temperatures is very slow.

Calcite from marine-Cretéceous rocks in south Texas has an oxygen
isotopic composition (3180) in the range from +24.2 to +27.2 with é mean of
approximately.+26.3 (Prezbindowski, 1977). These values are, for the most
part, heavief than those of the calcite iﬁ the BenaQides deposit (table 1).
Any quantitatively significant amount of detrital marine carbonate bearing its
original oxygen isotopic compositions would thus cause a deviation of the 6180
values from whaf is observed. Therefore, detrital carbonate is present in low
abundance dr its oxygen isotépic value has been a]téred by dissolution and
reprecipitation,

.The relationships between oxygen in water and in'calcite can give some

indication of the the 6180 of the water from which this carbonate was

15



precipitated. Estimation of the appropriate temperature for usé in this
calculation is uncertain but it isvlikely that the depositional waters at
shal Tow depth approximate the mean annual temperature. For the Benavides
area, the mean annual temperature is 22°C (Ruffner, 1979). Af this
temperature, calcite would have a 5180 value which is 28 permil heavier than
the depositional waters (fig. 1). The water in equilibrium with Benavides
carbonate, therefore, would have a §180 value of about -3 permil, which is
very close to that expected for Gulf Coast meteoric water (Clayton and others,.
1966; Friedman and others, 1964). 1t has also been shown that Gulf Coast
formational brines are considerably heavier than -3 permil ranging between +2
~and +9 permil (Clayton and others, 1966). To produce the cbserved calcite
183 from such brines would have required a temperature of 50 to 150°C (fig.
1) which is highly unlikely.
| The carbon isotopic composition of calcite is useful for determining the
source of carbonate carbon. The s13C value of much of the carbonate in the
Benavides deposit suggest a nonmarine, soil-related source for the carbon.
Many of the measured values (-2.1 to -6.7 permil) fa]l,withinAthe range
expected for fresh-water.1imestones. When this range is broadened to reflect
soil carbonates which typically have_613c values of -9 to -12 permil
(Salomons, 1975), most of the carbon isotépe data is iné]uded. Apparéntly,
detrital calcite from nearby Cretaceous limestones, which have 3¢ values in
the range -1 to +6 permil and a mean of +2.5 permil (Prezbindowski, '1977), has
made 1ittle or no contribution to the observed L3¢ values. This conclusion
is consistent with petrographic observation that detrital calcite is a minor

constituent in the host rock of the Benavides deposit, and consistent with

£80 data.
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C1ear1y,'however, there is an additional, much lighter, carbon component
in some parts of the deposit, as for example in core 8 (fig. 6). Assuming
that cafcite in-the sample in core 8 from the depth 35.1 tok35.7 m(with a
carbon isotope ratio of -25.4 permil and 38.5 percent calcite) is a mixture
of a compodent of "Tight calcite" (28.5 percent) and one with a 513C of -5.5
permil (10 percent), then the isotopic ratio of the "light component" (&x) is

solved hy the formula

10 28.5
38.5 38.%

The 613C of the Tighf component (§x) is -32.3 permil. The assumption of 10

(-5.5) + (sx) =-25.4
permil CaCO3 with an isotdpic composition of -5.5 pekmil is justified upon
inspection of the plot of data from several cores (fig; 6) which show this as
a likely end member common to each. ~Carbonate carbon of -30 pérmil and
lighter is very likely formed by oxidation of methane to 002 (Hudson, 1977,
Donovan, 1374). Methane oxidation requires atmospheric oxygen, and therefore
probanly occurs in a near-éurface'environment dominated by ground water rather
than in formation waters which are anoxic.

Based on the petrographic and isotopic data presented above, the
following processes led to calcite precipitation in the Benavides deposit:

(1) Pre-ore processes. Methane was introduced into the host sand from a

deep-seated source in association with hydrogen sulfide. Whereas the hydrogen
sulfide reacted with iron in the host sand, methane was essentially unreactive
in the environment and migrated updip. The methane was oxidized to CO, and
subsequently precipitated as calcite in a zone of mixing a fault-derived fluid
and dxygen-charged gfound water. The 6;3C.of this calcite was <-30 permil,
and the 5130 yalues were either dominated by local. ground water or by a
mixture of ground water and brine. Detrital ca]cité was present in the host

rock but was a minor constituent.

17



(2) Ore-stage processes. Calcite, (primarily methane derived but some

detrital), located updip from the present roll front, was dissolved by ground
water acidified by oxidation ﬁf iron disulfide minerals dufing mineralization,
and Qas reprecipitated downdip ahead qf the roll. At this stage, carbonate

was absent from the altered tongue but isotopically light calcitea (with ¢ 180
feflecting precipitation from local ground water) was present in reduced rock.

(3) Post ore-stage processes.. FoTlowing the ore-forming process, calcite

developed id soils at the surface overlying thé deposit. This soil carbonate
. was subsequehtiy'dis;olvéd during a climatically wet interval and
reprecipitated in the host rock in tﬁe subSurface. This carbonate had a 513C
value of about -6 permil. The 6180 of this cafbonate was dominated by local
meteoric water as was the calcite that formed during mineralization.

The above descrfbed mechanism accounts for the presence of post-ore
calcite in reduced rock and, unlike the Wyoming deposits, in the oxidized
fongue. It also accounts for the wide range of observed 613C, for constancy
of 6180, and for the systematic variations of & 130 as a function carbonate

abundance (fig. 6).
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