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STABLE ISOTOPE STUDIES OF BEDDED BARITE AT EAST
NORTHUMBERLAND CANYON IN TOQUIMA RANGE, CENTRAL NEVADA

By R. O. RYE, D. R. SHAWE, and F. G. POOLE, Denver, Colo.

Abstract.—Several beds of barite occur in the Slaven Chert

at East Northumberland Canyon in the Toquima Range of
central Nevada. Most of the barite is internally laminated
but shows massive weathering. However, rosette, disseminated,
conglomeratic, and concretionary varieties also occur. New
fossil evidence from conodonts and brachiopods indicates a
Late Devonian age for the Slaven Chert at East Northumber-
land Canyon. Preliminary &*S values of most disseminated
and massive-laminated barite within the Slaven Chert aver-
age about 25 permil ; these are within the range of values that
is typical of sulfate from Late Devonian seawater and are dis-
tinetly different from &S values of most crosscutting hydro-
thermal barite veins in the area. Primary 3*S values of the
bedded barite appear to be retained during recrystallization
and hydrothermal alteration, suggesting that §*S data of
bedded barites could be developed into a useful stratigraphic
tool. The 8*S values of rosette and concrectionary barites range
from 29.1 to 56.3 permil and indicate that these varieties of
barite formed in restricted microenvironments where exten-
sive bacterial reduction of seawater sulfate occurred. The 50
data on cherts associated with the barite beds and §*C and
30 data on carbonate beds within the Slaven Chert indicate
that the depositional environment at times had restricted
communication with normal seawater of the open ocean.

Bedded barite deposits at East Northumberland Can-
yon, Nye County, Nev., have produced about 500 000
tons of drilling-grade barite since their discovery by a
U.S. Geological Survey field party in 1967. Preliminary
geologic, geochemical, and mineralogic studies of the
deposits were made by Shawe and others (1967, 1969),
who concluded from field evidence that the bedded
barite deposits were of syngenetic-diagenetic origin.

The purpose of this paper is to present preliminary
stable isotope data and other data that pertain to the
age and origin of the East Northumberland Canyon
deposits. These deposits occur in a bedded barite prov-
ince that forms a wide belt through central Nevada
(fig. 1) and is associated with transitional and eugeo-
synclinal rocks of Cambrian, Ordovician, and Devonian
age. This study is part of a larger project to investi-
gate the origin of barite at East Northumberland

Canyon and elsewhere in Nevada and to evaluate the
resource potential of the bedded barite province.

GEOLOGIC SETTING

A geologic map of part of the Toquima Range is
presented in figure 2. The bedded deposits at East
Northumberland Canyon lie in the northern part of
the Toquima Range and consist of a dark-gray barite
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FI16URE 1.—Locality map of Nevada showing known bedded
barite deposits and bedded barite province.
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unit approximately 18 meters thick and thinner barite
units, which contain some intercalated chert and shaly
mudstone and which are part of an allochthonous eugeo-
synclinal sequence composed principally of dark-gray
and black chert and siliceous mudstone of the Devonian
Slaven Chert. Deposits which are believed to be equiv-
alent occur on both the north and south sides of the can-
yon near its mouth. Other bedded barite deposits are
found at the Lost Soldier property in the upper
drainage area of West Northumberland Canyon on the
west side of the Toquima Range. These deposits, which
are probably equivalent to those near the mouth of
East Northumberland Canyon, have been slightly re-
crystallized in places due to the thermal effect of a
nearby Jurassic pluton. Between the East and West
Northumberland bedded barite deposits, clear barite
crystals occur as fracture fillings near the Northumber-
land gold deposit south of Northumberland Pass. All
of these barite occurrences were analyzed in this study.

The marine beds that contain bedded barite in East
Northumberland Canyon were assigned to Ordovician
strata by Kay and Crawford (1964). Since then, these
beds have been recognized as the Slaven Chert of
Middle and Late(?) Devonian age. However, new fos-
sil evidence now indicates the age of the Slaven spans
much of the Devonian (J. T. Dutro, Jr., written com-
mun., 1977). A conodont fauna of very late Devonian
age has been obtained from a thin impure cherty lime-
stone layer near the base of the allochthonous eugeo-
synclinal sequence in the canyon (Poole and Sand-
berg, 1975). In addition, a fragmentary brachiopod
valve possibly belonging to the Famennian (late Late
Devonian) rhychonelloid genus Dzieduszyckia has been
found in a conglomeratic barite bed (Poole and
Sandberg, 1975). Numerous attached pedicle and
brachial valves of Dzieduszyckia were seen in a single
horizon in bedded barite of the Slaven Chert in the
Shoshone Range, north-central Nevada. Many of the
brachiopod shells, which are well preserved and simi-
larly oriented, appear to have been buried at or near
their normal habitat. Cloud and Boucot (1971) re-
ported Dzieduszyckia in the Slaven Chert at several
localities in the Shoshone Range. The Slaven Chert in
this area is in part a sedimentary facies and is the
time equivalent of the barite-bearing section at East
Northumberland Canyon.

Eugeosynclinal siliceous rocks several hundred
meters thick were deposited in northern California and
western Nevada during the late Devonian; then, in
latest Devonian time (during the Antler orogeny),
they were tectonically transported eastward into thrust
contact with transitional and miogeosynclinal, domi-
nantly carbonate rocks of comparable (locally greater)
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thickness (Poole and others, 1967). The Antler orogeny
may have resulted from a possible increased subduc-
tion rate beneath an offshore island arc along the
western margin of the eugeosynclinal basin near the
end of Devonian time. If this inferred plate-tectonic
model is correct, the Late Devonian eugeosyncline
would have occupied a marginal ocean basin between
the continental edge and the island arc (Poole, 1974).
The absence of recognizable Antler orogenic sediment in
the Upper Devonian eugeosynclinal deposits indicates
that initial downwarping of the marginal ocean basin
was mild and that only a small volume, if any, of
orogenic sediments was deposited in the Slaven Chert.
The Upper Devonian carbonate shelf or miogeosyn-
cline east of the eugeosyncline was characterized by a
marked north-northeast-trending belt of thick car-
bonate deposits (Poole and others, 1967, figs. 9, 10).
The eugeosynclinal facies are being further evaluated
to provide a better understanding of the depositional
setting and origin of the bedded barite and chert de-
posits.

EVIDENCE OF A SYNGENETIC-DIAGENETIC
ORIGIN

A syngenetic-diagenetic origin of the bedded barite
at FEast Northumberland Canyon is indicated by sev-
eral lines of evidence. The bedded barite, consisting of
several varietiesincluding massive-laminated,! dissemi-
nated, rosette, conglomeratic, and concrectionary barite,
displays features of primary sedimentation and early
diagenesis. The barite rosettes were formed by growth
of radiating barite blades and commonly nucleated
on radiolarian tests, which suggests they were formed
on the sea floor or in soft pelagic sediments. Graded
bedding in barite beds is evident where bedding layers
of rosettes decrease in size upward and grade into
fine-grained massive-laminated barite. Conglomeratic
barite that contains angular and rounded clasts of
broken barite rock and chert, fragmental large barite
rosettes, and phosphatic nodules is intercalated with
beds of massive-laminated and rosette barite; this re-
lationship attests to erosion and resedimentation dur-
ing barite deposition. Barite concretions in mudstone
may have been segregated during early diagenesis from
mudstone containing disseminated barium and sulfate.

A *Sr/#**Sr ratio of 0.7083 for a massive-laminated
dark-gray barite sample from the south side of East
Northumberland Canyon is consistent with a marine
origin for the barite, although the ratio is also within
the range of ratios for Cenozoic volcanic rocks in the
region (C. E. Hedge, written commun., 1974).

T Internally laminated massive weathering.
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Late Devonian conodonts recovered from the cherty
limestone layer in the eugeosynclinal section at East
Northumberland Canyon are dark yellowish brown in
color and indicate a moderate postdepositional tem-
perature history (Poole and Sandberg, 1975), judged
from the method of Epstein, Epstein, and Harris
(1975). The dark-yellowish-brown color of the cono-
donts indicates that they have not been subjected to
prolonged temperatures above 200°C.

Madsen (1974) described “spongy-surface” chert
from Devonian (reported by Madsen as Ordovician)
chert layers interbedded with bedded barite rock at
East Northumberland Canyon. The chert’s texture was
inherited from authigenic cristobalite forming bedded
porcelanite. Bedded porcelanite was considered by
Madsen to be of sedimentary origin. Metamorphosed
chert consists of quartz that has an equigranular tex-
ture unlike that of the spongy-surface chert. Madsen
pointed out that experiments by Ernst and Calvert
(1969) on porcelanite from the upper Tertiary Mon-
terey Formation of California showed that in rela-
tively pure water the fine-grained cristobalite would
recrystallize to quartz in about 180 million years at
20°C and in about 4-5 m.y. at 50°C. The occurrence
of spongy-surface chert at East Northumberland Can-
yon, therefore, suggests that the beds have not been
subjected to prolonged high temperatures since deposi-
tion, and this finding is compatible with the moderate
temperature history inferred from the conodont altera-
tion color.

STABLE ISOTOPE STUDIES

Table 1 presents 8¢S data on bedded and vein barites
occurring in East and West Northumberland Canyons
and on occurrences of barite crystals in veins near the
Northumberland gold deposit. Table 2 presents 8§20
data on cherts and §*0 and 8'*C data on carbonates
from the Slaven Chert at East Northumberland Can-
yon. The locations of most of the samples are shown in
figure 2. Samples DRS-28-67A, B, C, and D were
collected at the Northumberland gold deposit 5.5 kilo-
meters N. 5° W. of the junction of Perkins and East
Northumberland Canyons, and samples 67FP-46 and
67TFP-45 were collected 1.6 km N, 21° W. and 7.5 km
N. 26° W., respectively, of the junction of Perkins
and East Northumberland Canyons.

The §*S values were determined by the technique
described by Thode, Monster, and Dunford (1961).
This method was used because total sulfate can be
extracted from the impure barites without special puri-
fication procedures. The §'*0 values in cherts were de-
termined by BrF; extraction (Clayton and Mayeda,
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1963) after boiling in aqua regia to remove organic
material. Isotope data on carbonates were determined
as described by McCrea (1950). All measurements were
made on a modified Nuclide 6-60-RMS mass spectro-
meter. The isotope data are presented in the familiar
8 notation relative to international standards for each
isotope : the oxygen isotope data are relative to SMOW
(Craig, 1961), the carbon isotope data are relative to
PDB (Craig, 1957), and the sulfur isotope data are
relative to Canon Diablo troilite (Ault and Jensen,
1962). Analytical precision for all measurements was
+0.1 permil or better.

Sulfur isotope data and barite

Most of the bedded barite at East Northumberland
Canyon is massive-laminated. The §*S values of 10
samples of the massive-laminated barite range from
20.9 to 28.6 permil, while 7 of the 10 samples have §*S
values near 25 permil. The §*S values of oceanic sul-
fate have varied from about 10 to 33 permil through-
out geologic time, as indicated by analyses of marine
evaporites (Holser and Kaplan, 1966; Thode and
Monster, 1965; Claypool and others, 1972). During
the Devonian, the §*S of seawater underwent large
systematic variations and was between 24 and 30 permil
during the Late Devonian. Values in this range are
fairly rare for the 84S of seawater sulfate throughout
geologic time. Available data on recent marine barites
have §*S values similar to present-day seawater sulfate
(Goldberg and others, 1969). The &S data on the
massive-laminated barite at East Northumberland thus
strongly suggest a Late Devonian marine origin for
the sulfate in the bedded barite.

Even though most of the 84S values of the massive-
laminated barites cluster near 25 permil, a consider-
able range of values was obtained for individual beds.
This is in contrast to published data on individual
evaporites, which normally show very small ranges
in 84S values for an entire formation (Holser and
Kaplan, 1966).

Samples from measured sections on both the north
and south sides of East Northumberland Canyon were
analyzed (table 1). There appear to be no general
systematics to the distribution of 8¢S values of the
massive-laminated barites, although the values de-
crease toward the top of the section at locality 11.
There is also no apparent correlation between 8§*S
values and the silica, carbon, iron, organic, or clay
content of the barites when the data are compared
with the chemical data reported by Shawe and others,
(1967). Furthermore, the iron (pyrite) content of the
barites is apparently very low. Barite deposition ob-
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TABLE 1.—"S data on barites near East Northumberland Canyon, Nye County, Newv.
[n.d.—not determined. n.a.—not applicable.]

3% (permi1)

Field Meters Locality
sample above no. Massive-
no. base (fig. 2) Description laminated Disseminated Recrystallized Rosettes Concretion Veins
East Northumberland Canyon, south side
DAB-6------ 2.5) MasSiVenmmmmmmmmmmm e 28,9 mmmmmmmmee mmmmmmmmmmeeee cmecmeo mmmmemeee eeeee
DRS-24-A-67 0.5 13 4-7 mm rosettes in 20 percent chert
matrix.  eeeeeeeee emmmmemeen mmmmeeeeees 3804 e e
DRS-24-B-67 0.5 1-5 mm rosettes in 20 percent chert
L1 o ) I - B
1 12 [ L 2 23 e T
14 ) <1 mm rosettes in
silica matrix. 0 eeemmeeen | mmemmmeemcee emmmmmmmmmmeee 2901 emmmeeee eeeee
13 Sugary, massive-=e-eeememceccecacas 20,9 ecceccccccoe cccmecccccccce cmmmeccs ccceememee meeee
7 Massive----memmcccccmccecccccceee 22,6 mmmmmmmmmmen mmmmmmmmmmmeen mmmmmmen meemmmeee e
4 n 1-3 mm rosettes in 5 percent silica
matrix. = eeeceeeies cecmmmmeeses seeeeceemcee== 30,0 c-ccecccee oo
DRS-27-67-- 2 Massive- mmmmemecmecccccmcecee 28,9 eeccmcccccoe | eeemecmccccces | ccccccce cecccmccce ceee
DAB-1------ 1 ) Laminated-------cocmmmmcmcccccccas 25,3 mmmmmmemeee mmmmmmmmmmmeos mmmmmmee mmmmmmmeee emeee
67FP-142A-- n.d. 19 Massive-laminated == 23.9  ceccemmeceee | cecmccmeeeeees mmmemeee mcmcmcccee eceee
67FP-142B-- n.d. 19 8-9 mm rosettes in barite matrix--- = -----m-oe mmmmmcdccee e 36.5 mmmmmmmeee eeeee
67FP-142C-- n.d. 19 Concretion conglomeratic barite---- — =--eeccee cmcmmcdcccce mmmmmdddmeccee emeeeeee 336 mmee-
67FP-59---- n.d. 18 cmmcccmcccceea do-=cccccnccaaa S5  masse=ess | Soveesessten  Gensehdsssaens 2z sessesss 020 AD2 2000 se=em
67FP-65---- n.d. 22 Concretion in mudstone----====eeeee  cccccccen mcmeccccccce | cmmmmemccccece cecmeeee 56,3 cceee
67FP-162A-~ n.d. 20 Massive-interlaminated with chert-- 25,5 = —cccmmmmmooe mmmmmmecicl dmeeen mmmmeen —eee
67FP-162B-- n.d. 20 3-5 mm rosettes in black chert-----  —-cccccce cmmmmccccccn e 45,3 mmmmmmeeee e
East Northumberland Canyon, north side
DRS-55-68-- 7 7-8 mm rosettes in silica matrix---  —eccemeeoe cmmeccmccoon cemmcccccccoe 82,2 cememmemee eeeee
DRS-52-68-- 4 Shaley barite-------emeemccmccmccoce cccccceee 22,8 mmmmmcmmecccon cmmmmcee mmmmmmemee meeee
DRS-51-68-- 1.5 3 Baritic mudstone- - ) N e
DRS-50-68-~ 1 2-3 mm rosettes in shale- -
DRS-49-68-- 0.5 Massive-laminated--------==-==--ouoo 221 -
DRS-48-68-- 0 3-4 mm rosettes in siltstone- -- -
DRS-10-68-- n.d. 9 3-4 mm irregular rosette layer-----  —=--e--ee =
DRS-72-68-- n.d. 2 Detrital massive barite-------- 28.6  smmmmmemmeee emmmmmmmeceeen cmmeemee mmemeeee eeeee
67FP-188A-- n.d. 1 "Bull's eye" phosphatic concretion- — =-------e  cemmceccmeon cmmceccceccccn cemeceee 356 meee-
DRS-31-68A- n.d. 6 Massive recrystallized- mmmmmmmes mmmmmmmmmeee 216 mmemmmee ememcmmeee meeee
DRS-31-68B- n.a. 6 Vein cutting recrystallized barite- — --------- 40.9
DRS-61-68-- n.a. 4 Hydrothermally silicified vein----=  ==eceee-- 39.0
DRS-141-67- n.a. 8 Vein in chert- - 36.4
DRS-35-68-~ n.d. 5 Recrystallized white massive----=-=  =eeccccce  comecmmeeeee 264 cmmmmmee mmmmmmmmen oo
DRS-38-68-- n.d. 7 Recrystallized light-gray massive-- — ==s==-eee  cocecmcmceeee 25,0 seemeeee seceeceeeet eeeee
West Northumberland Canyon (Lost Soldier Mine)
67FP-45--~- n.d. n.a. White recrystallized--=---======mee  ccmmcccoe cmceceeoooo 21,6 memmmmee emmemmemen eeeee
67FP-46---- n.d. n.a. Gray recrystallized-------==-==m==s  cocmcecon cemeeeemeeee L
Northumberland gold deposit
DRS-28-67A- n.a. n.a. Coarse clear crystal--------eemecee  coccccaao 39.3
DRS-28-678- n.a. n.a. 0-=-viummsasanmmas  wmmsmmassi  Smmmesseeess  sessssemsosses  sSsses 29.8
DRS-28-67C- n.a. n.a. - do B e 24.5
DRS-28-67D- n.a. n.a. - T J— am=  mmmmmmeemi  emmemesmeses  memesmom=cm—c=  —sssesss 3.7

viously involved more than just supersaturation and
precipitation of barium with seawater sulfate on the
ocean floor; the range of §*S values of the massive-
laminated barites resulted from the mixing of sulfate
from various sources and (or) bacteriogenic processes.
We hope that future detailed petrologic, chemical, and
isotopic studies of these barites will reveal the reason
why their 84S values vary so much from the pre-
sumed constant value for seawater sulfate. Such an
insight should help clarify the depositional environ-
ment of the bedded barites. Such insight is also essen-
tial to evaluate the use of 84S values as a strati-
graphic tool for correlating bedded barites in Nevada.

Disseminated barite also occurs in the barite interval
at East Northumberland Canyon, and all gradations
between silty barite and baritic mudstones occur. Our
8*S values for one sample each of silty barite and
baritic mudstone are 22.8 and 27.1 permil, respectively.
These values are in the range of those for massive-
laminated barites and also indicate a seawater origin
for the sulfate in the disseminated barite.

In West Northumberland Canyon, probable strati-
graphic equivalents of the East Northumberland
bedded barites have been slightly recrystallized and
depleted of carbon, and the barite has been partly re-
placed by silica locally near a Jurassic pluton ad-
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TABLE 2.—Stable isotope data on chert and carbonates from Slaven Chert
[Map locality numbers refer to localities shown on figure 2]

Field Map
sample locality Description 6180'
number number (permil)
Chert
68FP-66 21 Banded 1ight- and dark-gray chert---- 28.9
67FP-158 17 Laminated Black chert---------cce-c-- 29.1
67FP-142D 19 1-cm-thick black chert in barite
(see table 1). 24.8
67FP-162A 20 Interlaminated wavy barite and chert. 26.6
67FP-162A 20 "Wormy" barite in black chert-------- 28.9
Chert matrix in barite rosettes------ 28.0
68FP-89A 14 Chert between major barite beds. 28.2
Carbonate!
68FP-82 15 Medium- to fine-grained impure 1ime-
stone 10 cm thick within lower part
of exposed chert and barite se-
quence underlying barite interval. 26.9
DRS-4-68 10 Gray dolomite 30 cm thick overlying
barite interval. 25.7

1Both carbonate samples had §13C values

jacent to the Northumberland gold deposit. Such re-
crystallization, bleaching, and partial replacement by
silica has occurred also in bedded barites in the vicinity
of Tertiary dikes and sills in East Northumberland
Canyon.

The 84S values of six samples of massive-laminated
barite which have undergone various degrees of re-
crystallization near intrusives range from 21.6 to 26.4
permil. There is no apparent correlation between §+S
values and the degree of recrystallization. The §%S
values are within the range of those obtained from
unrecrystallized massive-laminated barite in East

of -7.5 permil.

Northumberland Canyon. This indicates that no de-
tectable sulfur isotope fractionation occurred during
recrystallization and hydrothermal alteration of the
barite near the intrusives. Consequently, in most in-
stances it should be possible to infer the origin of
bedded barite and possibly make correlations even
where the barite has been intensely recrystallized.
Ten samples of rosette barite have 8¢S values of
29.1 to 42.4 permil. All of these values are larger than
those for massive-laminated barites. The preliminary
84S values of barite rosettes do not appear to cor-
relate with their size, location or position in section,
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or the nature of their matrix (mudstone, chert, or
barite).

The rosettes presumably formed during a period of
slow sedimentation on the sea floor or diagenetically
below the sediment-water interface. The large 8*S
values for the rosettes are typical of values that result
from partial reduction of seawater sulfate by micro-
organisms in a closed system (Nakai and Jensen,
1964). A critical test of whether this process occurred
would be a comparison of §*S with with corresponding
8%0 data. Mizutani and Rafter (1969) showed ex-
perimentally that the rate of O enrichment of SO,
remaining in solution is about one-fourth of that of
*S enrichment during bacteriogenic reduction of sea-
water sulfate. Sakai (1971) used this fact to conclude
that bacteriogenic reduction of seawater sulfate was
involved in the formation of Tertiary barite concre-
tions obtained off the west coast of Japan.

Two samples of barite concretions in mudstone have
8*S values of 35.6 and 33.6 permil, and two samples of
barite matrix from conglomeratic barite which is com-
posed of clasts of barite, chert, baritic to phosphatic
nodules, and barite rosettes have §*S values of 33.6 and
40.2 permil. These values are similar to those for the
rosettes and to those obtained from Tertiary barite
concretions off the coasts of New Zealand (Rafter and
Mizutani, 1967), California (Goldberg and others,
1969), and Japan (Sakai, 1971) and suggest that the
nodules and conglomeratic matrix also formed in local
closed chemical systems either on the sea floor or in
the directly underlying sediments where bacterial re-
duction of seawater sulfate took place.

Barite occurs as crosscutting veins in two forms in
the Northumberland area: as veins in chert and bedded
barite and in breccia zones on both sides of East North-
umberland canyon and as crystals in open fractures
near the Northumberland gold deposits. The §*S
values of these occurrences range from 31.2 to 40.9
permil and are distinctly larger than those observed
for the massive-laminated barite. Especially interesting
is sample DRS-31-68, in which the vein barite has
84S of 40.9 permil and the recrystallized host bedded
barite has 84S of only 21.6 permil.

The 8¢S values of large clear barite crystals near the
Northumberland gold mine range from 24.5 to 39.3
permil. However, the §*S values of hydrothermal
sulfates must be interpreted in terms of the §*S values
of the hydrothermal fluid before inferences can be
made about the origin of sulfur in these sulfates
(Ohmoto, 1972; Rye and Ohmoto, 1974). Such inter-
pretation requires a knowledge of the physical-chem-
ical environment of vein barite deposition. We have

not been able to collect sulfides occurring with the vein
barites nor do we have enough information on our
samples to evaluate the chemical environment of vein
barite deposition. Furthermore, the veins are probably
low-temperature, and kinetic factors often dominate
low-temperature systems when aqueous sulfate is
present. However, all of the vein data could be ex-
plained if the sulfate were derived from massive
bedded barite in the area having an average $*S value
of 25 permil and redeposited from hydrothermal fluids
at low temperatures under a range of fo, conditions.
Such a variation of fo, conditions would not be un-
likely in an area that has both bedded barite and
organic-rich cherts and mudstones.

Carbon and oxygen isotope data on cherts and
carbonates

The %0 and 8°C values for various cherts and
carbonates from the Devonian Slaven Chert are pre-
sented in table 2. The formation as a whole is pre-
dominantely impure chert and mudstone, whereas the
barite interval is relatively free of chert but in places
contains thin chert layers with chert in various pro-
portions to barite. Carbonates are sparse in the Slaven
Chert. A 10-cm-thick layer of impure limestone occurs
at the base of the exposed Slaven Chert, and a 30-cm-
thick layer of dolomite occurs higher in the section.

The §*0 values of cherts range from 24.8 to 28.9
permil. The values for most samples are near 28 permil,
which is within the lower part of the range commonly
observed for “unaltered” Devonian marine cherts
(Perry, 1967; Knauth and Epstein, 1976). Samples
67FP-142D and 67FP-162A and B are intimately
asscciated with barite, and their low 80 values may
reflect changes during diagenesis. The §'%0 values of
the carbonates are also typical of unaltered Devonian
marine carbonates (Keith and Weber, 1964).

However, §'°C values of the carbonates (-7.5 permil)
are considerably lower than those of most marine
carbonates, which normally have §3C values within
the range *=4 permil as far back as 3X10° years
(Becker and Clayton, 1972). Similar *C depletions
have been observed in marine carbonates associated
with Precambrian iron formations and have been in-
terpreted to indicate that the carbonate precipitated
in organic-rich environments which were not open to
the larger oceanic carbon reservoir. Such an interpre-
tation for the East Northumberland §*C data is con-
sistent with the 8°*S data on the barite rosettes, which
suggests that, at least locally, the environment of depo-
sition was restricted and may have involved organic
matter.
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CONCLUSIONS

1. The &4S values of bedded, massive-laminated
barite in the Slaven Chert from East Northum-
berland Canyon range from 20.9 to 28.6 per-
mil, with most values near 25.0 permil, a value
typical of Upper Devonian marine sulfate. A
Late Devonian age for the Slaven Chert at
East Northumberland Canyon is indicated by
new fossil evidence. Although both the sulfate
and barium must have come from the Devonian
ocean, the ultimate source of the barium is not
clear.

2. The fact that §%*S value of the massive-laminated
barite vary almost 8 permil, whereas these
values in individual marine evaporites in other
areas are nearly constant, suggests that either
bacteria and (or) mixing of sulfur from two
sources was locally involved in barite deposi-
tion or diagenesis.

3. The initial sedimentary §*S values of massive-
laminated barite were apparently retained dur-
ing recrystallization, replacement by silica, and
the loss of organic carbon associated with hydro-
thermal alteration.

4. Once the cause of §%S variations in massive-lami-
nated barites is determined, it may be possible
to use 8*S as a stratigraphic tool in dating
barites in the Nevada barite province.

5. Barite rosettes and concretions have §*S values
ranging from 29.1 to 56.3 permil, suggesting that
they formed in a partially closed system
either on the ocean floor or within the sediments,
where bacterial reduction of seawater sulfate
occurred.

6. The 84S values on crosscutting vein barites in the
area, including those from the Northumberland
gold deposit, are much larger than those for
bedded barites and, considering the local isotope
geochemistry, are consistent with the possibility

that the sulfur in the veins was derived from
bedded barites.

7. The §'%0 data on most cherts and carbonates in
the bedded barite interval in the Slaven Chert
are typical of Devonian marine cherts and car-
bonates, while §°C values of the carbonates
suggest they were deposited in organic-rich en-
vironments that had restricted communication
with the carbon reservoir of the open ocean.

8. Evidence from conodont color alteration and chert
textures indicates that the barite-bearing inter-
val at East Northumberland Canyon did not
experience prolonged high temperatures or deep
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burial and that the eugeosynclinal allochthon
emplaced during the Antler orogeny was a
“thin-skinned” feature which apparently re-
sulted from surficial thrusting during tectonic
emplacement above transitional and miogeosyn-
clinal rocks of the lower and middle Paleozoic
outer continental shelf,
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