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ABSTRACT. - The geochemical distribution patterns of Mg, Sr, Na, Zn, Fe, Mn, K and IR {Insoluble Residue}
of the Upper Famennian to Tournaisian strata in the eastern Omolon area have been analysed. For this purpose four
localities were selected, namely Perevalny/Sikambr, Elergetkhyn, Pushok and Uljagan. The lithogeochemical patterns
are to a large extent controlled by non-carbonate phases. Furthermore diagenetic processes such as dolomitization,
recrystallization and dedolomitization also influenced the lithogeochemical patterns. Besides the patterns explained
by non-carbonate phases and diagenesis, four lithogeochemical anomalies are present. The most important anomaly
has a regional character and is suggested to be exhalative in origin. This Zn (Pb, Mn) anomaly occurs near the De-
vonian-Carboniferous boundary in the southern part of the studied Omolon area. Based on sediment-petrographic
data it was shown that during this time-interval differential block-faulting occurred (Swennen et a/., 1986). A second
anomaly developed in the Sikambr Formation of Perevalny/Sikambr. This Sr, (Zn) anomaly occurs in a sabkha se-
guence, therefore this anomaly seems to be facies-controlled. Since diagenetic crystallization may liberate an im-
portant amount of Zn, these 'metal-enriched solutions may have played a role in ore formation elsewhere. A third
anomaly was found at the dolomitization front in Upper Famennian strata of Elergetkhyn. This Sr anomaly possibly
is related to the dolomitization process, but diagenetic " shielding effects” of the intercalated shale beds may also have
played a role. The fourth anomaly has a local character. Since this Pb, Mn anomaly was discovered along E-W trending
faults in Perevalny valley, an epigenetic fault-related origin is favoured. It possibly indicates a potential for mineraliza-
tions of this type in the Perevainy valiey.

RESUME. - Les modes de distribution du Mg, Sr, Na, Zn, Fe, Mn, K et IR (Résidu insoluble) ont été analysés
dans les couches du Famennien supérieur et du Tournaisien de la région orientale de I'Omolon. Dans ce but, quatre
localités ont été sélectionnées soit Perevalny/Sikambr, Elergetkhyn, Pushok et Uljagan. Les comportements litho-
géochimiques sont contrdlés dans une large mesure par les phases non-carbonatées. De plus, des processus diagéné-
tiques tels que la dolomitisation, la recristallisation et dédolomitisation ont influencé ces comportements lithogéochi-
miques. A coté des comportements expliqués par les phases non-carbonatées et [a diagénese, quatre anomalies litho-
géochimiques sont présentes. L'anomalie la plus importante a un caractére régional et il est suggéré qu’elle est d’ori-
gine exhalative. Cette anomalie du Zn (Pb, Mn) apparait prés de la limite Dévonien-Carbonifére dans la partie méri-
dionale de la région étudiée dans I'Omolon. Sur la base de données sédimentaires et pétrographiques, il a été démontré
(Swennen et al.,, 1986) qu’une tectonigue de bloc faillé différentielle a existé a ce moment (a. Une deuxiéme anomalie
s'est développée dans la Formation Sikambr de la coupe Perevalny/Sikambr. Cette anomalie du Sr (Zn) apparait dans
une séquence de " sabkha” et semble donc étre contrdlée par le faciés. Comme la cristallisation diagénétique peut
libérer des quantités importantes de Zn, ces solutions enrichies en métal, peuvent avoir joué un rdle dans la formation
des gisements ailleurs. Une troisiéme anomalie fut trouvée au front de dolomitisation dans les couches du Famennien
supérieur a Elergetkhyn. Il est possible que cette anomalie du Sr soit liée au processus de dolomitisation mais des

KSEPL, Rijswijk, the Netherlands.

Afd. Fysico-chemische Geologie, Katholieke Universiteit Leuven, Celestijnenlaan 200 C, B-3030 Heverlee, Belgium.
Geologische Dienst van Belgié, Jennerstraat 13, B-1040 Brussel, Belgium.

Afd. Historische Geologie, Katholieke Universiteit Leuven, Redingenstraat 16 bis, B-3000 Leuven, Belgium.

SVKII, Ul, Portovaja 16, 68005 Magadan, USSR.

7
2
3
4
5.




250 Rudy SWENNEN, Willy VIAENE, Jos BOUCKAERT, Kirill V. SIMAKOV & Paul VAN OYEN

" shielding effects” diagénétiques du schiste intercalé peuvent aussi avoir joué un rdle. La quatriéme anomalie a un
caractere local. Puisque cette anomalie du Pb, Mn a été découverte le long de failles & alignements E-W dans la vallée de
Perevalny, une origine liée & des failles épigénétiques est probable. Il est possible qu’elle indique un potentiel de miné-

ralisations de ce type dans cette vallée.

1. - INTRODUCTION

The lithogeochemistry of carbonate rocks is fre-
qguently considered as an additional tool for obtaining
information about their sedimentary environment or
diagenesis, and also for evaluating the potential of Pb-
Zn mineralizations.  However, the interpretation of
lithogeochemical distribution patterns is practically
impossible without -a thorough knowledge of the se-
diment petrography. Furthermore a detailed biostrati-
graphic framework is needed for correlation of indi-
vidual sections and for the recognition of stratabound
anomalies.

Since 1979, a team of Soviet-Belgo-Dutch geolo-
gists have studied the Upper Famennian and Tour-
naisian strata in the eastern Omolon area (NE-USSR,

fig. 1). This area received special attention for a possible
new definition of the Devonian-Carboniferous boundary.
Initially, attention was mainly paid to the bio- and litho-
stratigraphy. Later the sediment petrography and a
paleogeographic model was worked out more in detail
(Simakov et al., 1983; Swennen et al/., 1986). These
investigations were supplemented by a lithogeochemical
survey. In this paper results of that survey will be dis-
cussed. Basic data on the lithogeochemistry of the dif-
ferent sections are summarized in Swennen et a/. (1985).

2. - GEOLOGICAL SETTING

The Upper Famennian and Tournaisian strata in
the eastern Omolon area were studied in four localities,
namely Pushok, Perevalny/Sikambr, Elergetkhyn and
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Figure 1. - Simplified geological map of the eastern Omolon area and a block-diagram of this area during the lowermost Tournaisian.
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Uljagan (fig. 1). The strata mainly consist of carbonates
with subordinate (silicified) shales. Locally volcanomict
conglomerates and (gravelitic) sandstones were found,
especially at the base of the succession. The sedimentary
facies varies from deep subtidal (shales and moravam-
minid-micrites) through shallow subtidal (biosparites,
intrasparites and oosparites) into intertidal to supratidal
(sabkha~type sediments}). A detailed sediment-petro-
graphic description can be found in Swennen et al.
(1986). Several of the inferred transgression-regression
(T/R) cycles can be correlated with similar events
elsewhere (USA, Europe, . . . ) suggesting that these
represent repeated eustatic sea level fluctuations. How-
ever lateral and vertical facies variations especially during
the late Strunian to the Lower Tournaisian suggest
that some of these major sea level fluctuations are
masked by differential warp of the block-fauited base-
ment (Swennen et al., 1986). Especially near the
Devonian-Carboniferous boundary tectonic activity
along the E-W trending Uvnukveem fault (fig. 1) was
inferred from the facies variations in the different lo-
calities.

3. - ANALYTICAL PROCEDURE

182 representative samples were collected by chip
sampling. A special effort was made to sample carbonate
lithologies. After crushing and milling to a size lower
than 100 um, two grams of the fine material were de-
composed in 20 ml 12,5 N hydrochloric acid. After
complete reaction the dissolved sample was evaporated;
the residue then was dissolved in 40 ml 2,5 N hydro-
chloric acid. After filtration the fluid was deluted to
100°'ml. Mg, Sr, Na, Zn, Pb, Fe, Mn and K were ana-
lysed by atomic absorption spectrometry. Matrix inter-
ferences for Sr, Pb and K were avoided by comparing
the samples with representative caicite and/or dolomite
calibration curves (Van Orsmael, 1982). Background-
absorption interferences within residue-rich samples
were corrected using the hydrogen lamp continuum
(Govett & Whitehead, 1973). The insoluble residue
content (IR) was determined gravimetrically. Ana-
lytical precision was generaily better than 10 percent
at the 95 /o confidence level. The Mg and IR concen-
trations are given in percent while the other element
concentrations are given in ppm,

4. - DESCRIPTION OF THE LITHOGEOCHEMICAL
DISTRIBUTION PATTERNS

The lithogeochemica! distribution patterns in the
composite sections of Perevalny/Sikambr, Elergetkhyn,
Pushok and Uljagan are presented respectively in figures
2, 3 and 4. Special attention will be paid to anomalous
intervals, i.e. intervals with concentrations more than
two standard deviations above the mean.

4.1. - PEREVALNY/SIKAMBR LOCALITY

The Perevalny as well as the Lower Elergetkhyn
limestones are rather impure as can be deduced from the
high IR and K values (fig. 2). A rather uniform pattern
of the IR/K ratio (X IR/K = 0.73; ¢ IR/K = 0.28;
n = 24) is present indicating that K is derived from
clays. Fe displays a covariant behaviour with IR and K.

The value of the other elements are rather low,
with the exception of Pb and Mn. Pb displays an irre-
gular pattern with highest values (up to 770 ppm) near
E-W trending faults. High Mn values occur within the
interval anomalous in Pb. The fact that a clear cova-
riance between Mn and Pb, or between Mn and Fe,
IR and K, is absent suggests that the Mn distribution
is not controlled by phases linked to a Pb phase or
with the insoluble residue. It is likely that similar ano-
malous Pb and Mn values will occur in the surrounding
coarse-grained sandstones since in these strata galena
traces and pyrolusite dendrites were observed macrosco-
pically. However, these sandstones were not analyzed.

The Middle and Upper Elergetkhyn (deep sub-
tidal) limestones display, with the exception of Zn and
Mn, rather normal contents for most of the measured
elements. An increase in Sr and Fe contents towards
younger strata, however, is apparent. Anomalous Zn and
Mn values were found near the Devonian-Carboniferous
boundary in two sections. The Mn anomaly in the lime-
stones is obscured since the surrounding strata are do-
lomitized or rich in IR. The high Mn content within
the latter strata can be explained by adsorption of Mn
on hydrous Fe and IR phases, as can be inferred from
the covariance of Mn with e, IR and K. The Zn, Mn
anomaly, which develops within limestones as well as
within dolostones, has a vertical extension of about
70 m. The dolostones which occur within this inter-
val are Fe and Mn-rich (Fe = 1,0 ©/o0 and Mn = 0,4-
0,3°/0); Na also is enriched while IR and Sr occur in
low concentrations. Since similar Fe, Mn-rich dolo-
stones displaying anomalous Zn values occur about
100 m below (Lower Elergetkhyn Formation) and
about 70 m above (Uppermost Elergetkhyn Formation)
the major Zn-Mn anomaly (fig. 2), a genetical link
between these different dolostone levels seems likely.
These dolostone strata give rise to a covariant pattern
between Mg, Na, Fe, Mn, -Sr and -IR (fig. 2).

The Mol limestones display an irregular distri-
bution pattern for most of the elements. A general
decrease in Fe, IR and Na contents from the rather
deep-marine biomicrites towards the overlying shallow
subtidal strata is observed.

The majority of the shallow-marine Sikambr
limestones is partly dolomitized. The sample which was
taken within the -early-diagenetic dolostone layers
with anhydrite relics (fig. 2; *) is characterized by
moderate values for most elements. However, when
comparing its geochemistry with that of the under-
lying dolostones the Sr (199 ppm) and K (783 ppm)
values are high. The increase in IR content towards
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younger strata is related to the increase in the degree
of silicification/chertification. Furthermore a covariant
pattern between K and Fe is present.

A remarkable feature within these Sikambr strata
is the Sr anomaly within sabkha-like strata such as the
zebra limestones (up to 5981 ppm), palisade calcite
crystals (up to 2024 ppm) and algal micrites (up to
665 ppm). With the exception of the algal micrites,
these strata are characterized by low Na, Fe and Mn
contents. Rather high Zn contents {up to 237 ppm)
were found in the algal micrites.

4.2.- ELERGETKHYN LOCALITY

The limestone strata of the Lower and Middle
Andylivan Formation display normal values for all
measured elements (fig. 3). However, the Upper Andy-
livan and Lower and Middle Gytgynpylgin strata which
mainly consist of intensively silicified biomicrites are
characterized by very high IR, K, Fe and Na values.
Also slightly higher Zn and Mn values occur over this
interval.
recognizable.
strata a decrease in concentration of all these elements
can be observed. However, here a Sr anomaly is present.

tn the Kuluk Formation an increase in the degree
of dolomitization can be inferred from the Mg pattern.
From the lithogeochemical profile (fig. 3) a covariance
between Mg, Fe, Mn and Zn can be seen. At the top of
the Kuluk Formation, notably around the Devonian-
Carboniferous boundary, an intervai of about 80 m
with abnormal values for Zn (up to 1.3 ©/o) and Pb
(101 ppm) is present. In this interval silicified anhy-
drite nodules are present as well as an important breccia
level.

The Karst and Sikambr fimestones display normal
distribution patterns with somewhat higher values in the
youngest strata; the rather high Sr values in the top-
strata occur near dyke intrusions. The single horizon
with high values of IR, K, Fe, Mn and Na corresponds
to intensively silicified biomicrites.

4.3. - PUSHOK LOCALITY

The six representative samples from this location
show high Zn, Pb, Fe and Mn values above the base of
the partly dolomitized Pushok limestones (fig. 4).
These high metal contents occur above the Devonian-
Carboniferous boundary. The Upper Pushok and
Sikambr limestones, which reflect subtidal sedimenta-
tion conditions, are characterized by normal contents
for all elements; only near the top of the Pushok For-
mation a high Sr interval is present.

4.4, - ULUIAGAN LOCALITY

From the lithogeochemical profile (fig. 4) it is
clear that, in contrast to the intensively silicified deep
marine Uttykelly and Khurendza strata, the Triniti

A covariant pattern between Fe and K is
In the overlying Upper Gytgynpylgin:

limestones are characterized by low IR, K, Fe and Na
values. Only Mn and Sr occur in higher contents.
Within the silicified strata a covariant pattern between
Fe and K is present; these elements occur in very high
concentrations. For the other elements more normal
contents are recorded, except for Na showing high values
next to a diorite dyke.

5. - DISCUSSION AND INTERPRETATION
OF THE GEOCHEMICAL PATTERNS

A major feature in nearly all locations is the
strong covariance between K, IR and Fe associated
with high contents in clay-enriched carbonates. Since
the limestones are poor in feldspar K is mainly pro-
vided by clays. The covariance indicates that Fe is
related to the presence mainly of clay phases. How-
ever, part of the Fe is also related to goethite rims
occurring around pyrite. Since pyrite phases mainly
occur in association with clays and silicified intervals,
an Fe-IR correlation once again will appear. Within
such clay-enriched sequences higher amounts of Mn and
Zn also were recorded; these can be explained by similar
adsorption phenomena on clays and by the co-precipi-
tation and adsorption on goethite phases. The higher
Na contents in these intervals is related to the clay
content.

On the contrary, it often occurs that Sr and Mg
are negatively correlated to IR. This shows that Sr and
Mg are carbonate-controlled; consequently an increase
in IR content will lower the Sr and Mg content. To
compare the Sr contents of the different limestone strata
an {R correction is necessary. Plotting of the corrected
Sr data into a histogram results in a bimodal pattern
(fig. 5).  This bimodality is facies-controlled since the
lowest Sr population is composed of shallow marine
limestones, while the high Sr population consits of
rather deep subtidal strata. Their respective mean values
are 290 ppm (o = 59 ppm, n = 24) and 396 ppm {0 =
45 ppm, n = 13).

By studying the Mesozoic strata of the central
Western Carpathians Veizer & Demovi¢ (1974) observed
a similar pattern. They interpreted the high Sr content
within deep sea limestones to be related to the higher
proportion of stable low Mg-calcite in the original sedi-
ment, while shallow-marine limestones mainly consist
of high Mg-calcite. According to these authors the
initial Sr concentrations of about 1000 ppm within
low Mg-calcite is lowered to a much smaller degree
than within the unstable high Mg-calcite during dia-
genesis.

Most of the dolostones, occurring around the
Devonian-Carboniferous boundary, are Fe, Mn, Zn,
Na, (Pb) rich, whereas low contents for K, IR and
Sr are present. This indicates dolomitization by Fe,
Mn-rich solutions preferentially occurring in pure
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Histogram of the IR-corrected Sr-distribution in the limestones
(<29, Mg} in the Elergetkhyn location.

limestones. A lixiviation of Sr during the dolomiti-
zation explains the low Sr content in these dolostones,
while Na was introduced. Part of the lithogeochemicai
features within these dolostones, particularly the high Fe
and Mn contents may also be related to dedolomitized
intervals; a few intervals were petrographically studied.
These are characterized by goethite rims occurring
around the dedolomitized crystals. Due to adsorption
on the hydrous Fe phases, these strata often yield high
metal concentrations (Swennen et a/., 1983). However,
it is unlikely that the high Zn and Pb contents can be
explained in this way since abnormal Zn values were also
recorded in the surrounding limestones (Perevainy
location) and since such phenomena cannot produce
anomalies up to 1.3 ©/o (Elergetkhyn location). The
dolostone level in the Sikambr Formation (Perevainy
location) is characterized by moderate values for most
elements, except for Sr and K. According to Weber
{1964) these values are compatible with their early
diagenetic origin.

In conclusion we may state that the lithogeo-
chemical patterns are to a large extent controlled by
non-carbonate phases. Similar observations have been
made in the Belgian Dinantian carbonates {(Van Orsmael,
1982; Swennen, 1985) and in the Liassic carbonates
of France (Barbier, 1979). Furthermore diagenetic
processes such as dolomitization, dedolomitization,
recrystallization, etc, also influences the lithogeo-
chemical patterns. By controlling these parameters
{(IR-correction, dolomitization correction, . . . ) it is
possible to obtain paleoenvironmental information
from the lithogeochemical data. Apart from the pat-
terns explained by non-carbonate phases and diagenesis,

four lithogeochemical anomalies are present (fig. 6) :

1. A regional Zn (Pb, Mn) anomaly (Devonian-Carbo-
niferous bourdary);

2. A Sr {Zn) anomaly (Sikambr Formation; Perevalny/
Sikambr location);

3. A Sr anomaly (Upper Gytgynpylgin Formation;
Elergetkhyn location};

4. A local Pb, Mn anomaly {Perevalny and Lower
Elergetkhyn Formation; Perevalny location).

Some of these anomalies also match anomalous Fe and
Mn values. But as previously discussed it is often diffi-
cult to recognize these intervals because of the inter-
ference of |R-phases and dolomitization.

5.1. - REGIONAL ZN (PB, MN) ANOMALY

(DEVONIAN~-CARBONIFEROUS BOUNDARY)

A Zn (Pb, Mn) anomaly is present near the De-
vonian-Carboniferous boundary. It is found in dif-
ferent sections in the three localities Pushok, Pere-
valny/Sikambr and Elergetkhyn, which occur in the
southern part of the Omolon area. Its lateral exten-
sion is at least 45 km; its vertical extension is also
important (> 50 m). This anomaly has a regional
significance.

The anomaly is well expressed for Zn and some-
times for Pb. Higher contents of Mn also occur. How-
ever, overlap by Mn adsorbed on |R-phases and redis-
tributed by dolomitization obscure the pattern. It is
not known if this anomaly occurs also in the northern
part of the Omolon basin (Uljagan location) since this
stratigraphical interval could not be studied because
of agap in the outcrop.

The anomaly coincides with important facies
variations which have been explained by differential
downwarp of the block-faulted basement (Swennen
et al., 1986). Fault activity especially was recorded
during the considered time-interval along the Uvnuk-
veem fault (fig. 1). This tectonic activity in Perevalny
valley is characterized by a drastic change in the sedi-
mentary environment, since a thin dolostone level with
anhydrite pseudomorphs is intercalated in rather deep
subtidal moravamminid-micrites.  This sequence is
followed by an important shallowing of the sedimen-
tation environment. At Pushok the sedimentation only
started during this period. At Elergetkhyn the anomaly
coincides with an important regression.

Since major tectonic activities occurred over the
anomalous stratigraphical interval in the southern
Omolon area, the anomaly can be explained by mine-
ralizing fluids from active faults. This mechanism, des-
cribed as seismic pumping (Sibson et al., 1975} was
invoked by Large (1983) to explain the formation of
sediment-hosted submarine exhalative Pb-Zn deposits.
Several of the features of this type of ore deposits
discussed by Large (1980) were also recognized in the
southern Omolon area. They are :
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1. The presence of different order-types of basins.

Shilo et a/ (1984) recognized several first-order basins
(size several 100 km : the Korkodon Land, the
Gizhiga archipelago and the Omolon archipelago),
the existence of second-order basins (size several
10 km : e.g. Uljagan depression) and third-order
basins (size 100 m to several km : e.g. Pushok basin).
Sedimentation during the Devonian-Carboniferous
transition period in the different subbasins occurred
in low-energy sedimentation conditions.  These
are essential for the preservation of para-stratabound
anomalies and ore deposits.

. Active tectonism influenced the sedimentation es-
pecially from late Strunian to Lower Tournaisian.
During such periods subsidence was mainly controlled
by faulting. Different lineaments (the N-S trending
Namyndykan and Murulan faults) and the E-W
trending Uvnukveem fault system were activated
(fig. 1). Tectonic activity along this last fault system
is of interest since this Zn (Mn, Pb) anomaly was
found in the three localities (Pushok, Perevalny/
Sikambr and Elergetkhyn) which occur next to this
fault (fig. 1). The presence of a breccia horizon in
the Elergetkhyn location where the highest Zn va-
lues were recorded could provide a further argument
for tectonic instability. A detailed study of this
breccia might yield arguments for such a relation.
This is of special interest since Taylor (1984) recently
drew the attention to the occurrence of shake breccias
from the vicinity of the Silvermines orebody (Ireland}.

. Exhalative activity and volcanism can be deduced
from the following observations :

- bentonite and tuffitic intercalations occur in the
abnormal succession respectively at Perevalny
and Elergetkhyn. During this period igneous ac-
tivity is also reported from the Korkodon Land.
Bentonite and tuffitic horizons have been reported
from nearly all sediment-hosted exhalative ore
deposits. Penecontemporaneous igneous activity
is important because it indicates the development
of an anomalously high geothermal gradient.
This is considered as a requirement for convec-
tive circulation systems (Large, 1980 and Russel
et al,, 1981).

- in the anomalous levels traces of sphalerite and
galena were found. They occur in close associa-
tion with framboidal pyrite spots. Furthermore
quartz pseudomorphs after barite were found.
This last feature is common for sediment-hosted
Pb-Zn mineralizations. Similar observations have
been made in the Navan area {lIreland; unpublished
research).

- major silicification and chertification occurred
in the strata hosting the geochemical anomaly.
At Pushok the biostromal buildups and the eva-
porite relics are nearly completely silicified. At
Perevainy/Sikambr chert nodules become an

important component, while the breccia at Eler-
getkhyn is nearly entirely composed of chert
and silicified evaporite fragments. Silicification
and chertification phenomena have been reported
to be a prominent feature near sediment-hosted
massive sulphide deposits; e.g. Mc Arthur River
deposit : Australia (Oehler & Logan, 1977);
Tynagh : lIreland (Clifford, personal commu-
nication, 1985).

dolomitization is present in and around the ano-
malous zone. At Elergetkhyn the whole sequence
is nearly completely dolomitized. At Perevalny/
Sikambr only pure limestone strata in the lower
part of the anomaly are altered. At Pushok the
strata are partly dolomitized. A remarkable feature
everywhere is that these dolostones are enriched
in Fe and Mn (Fe = 0,8 - 1,0%/0 and Mn=0,4 -
0,2 °/0). Zn and Na occur also in higher concen-
trations (Zn < 50 ppm and Na = 130 ppm).
Similar Fe and Mn enriched dolostones were des-
cribed around different sediment-hosted ore
deposits; e.g. Tynagh (Schulz, 1966); Mc Arthur
River deposit (Lambert & Scott, 1973)). The
last authors suggested that the dolomitizing
solutions ascended along the same channelways
as the ore-bearing solutions. The period over
which the Fe-Mn-bearing dolomitizing solutions
were available apparently corresponds with the
main period of formation of tuffaceous sediments,
a feature which can also be observed in the Omo-
lon area. The Fe-Mn-rich dolostones around the
Mc Arthur River deposit were distributed over a
rcughly semi-circular area, approximately 15-
20 km in diameter. This size is also possible in
the Omolon area.

below and above the major Devonian-Carboni-
ferous anomaly, smaller Zn {Pb) anomalies occur
in the Perevainy location (fig. 6 : 1A and 1C).
These minor anomalies are also characterized
by silicification and chertification as well as by
Fe-Mn dolostones. Furthermore important fa-
cies changes were observed at least for the upper-
most anomaly (1C). This indicates that metalli-
ferous exhalative solutions were intermittently
available during a considerable time before and
after the formation of the major anomaly. The
limited vertical and lateral extension of these
anomalies, however, indicates that the related
exhalations were less important. Similar geoche-
mical features, pointing to periodical exhalations
were observed near the Mc Arthur River deposit
(Lambert & Scott, 1973).

the difficulty to apply detailed biostratigraphic
tools near this Devonian-Carboniferous bound-
ary might indicate that the sedimentary environ-
ment eventually became toxic; consequently
life became endemic (Simakov et al., 1983).
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Figure 6. - Position of the different anomalies in the eastern Omolon area.

These arguments suggest that this para-stratabound
anomaly might be exhalative in origin. Its important
lateral and vertical extension, as well as the intensive
dolomitization and chertification/silicification pheno-
mena points to the possibility of an important mine-
ralization around this stratigraphic level. Further pros-
pection should be focussed on the NE-SW trending
fault system. The fact that different minor anoma-
lies occur below and above the major “Devonian-
Carboniferous” anomaly at Perevainy, suggests that
exhalation was most prominent in this area. The greater
thickness {~ 100 m) of the anomalous strata is in
agreement with this interpretation, although, abnormal
values are lower than for example at Elergetkhyn.
In the last area sedimentation occurred in a semi-res-
tricted environment while subtidal open—?narine condi-
tions occurred at Perevalny. A dilution effect might
explain this discrepancy, although, redistribution related
to dolomitization at Elergetkhyn can also have an effect.
Taking into account that the mineralizing solutions
were. heavy, being salt-laden, and that they drifted
downslope, the major concentration of elements will
occupy the deepest parts of the depression. A more
detailed sediment-petrographic study combined with

lithogeochemistry involving material from other sec-
tions would possibly heip to pin-point this fault-con-
trolled brine-filled third-order basins.

Similar para-stratabound Devonian-Carboniferous
anomalies have been recorded from elsewhere. Important
enrichments of Pb, Zn, Ag, Ba, Mn and Fe were reported
by Lur’'ye (1953) over a large area in central Kazakhstan
(USSR}. This author interpreted them as a primary
accumulation; a relation with the Pb-Zn Mirgalimsar
ore deposit, situated 15 km south of the sampling area
was suggested. Kasig et a/ (1984) also found anomalous
Zn, Mn and Ba values near this stratigraphic level in the
Sauerland area (Germany). These abnormal values were
explained by hydrothermal influences; unfortunately
the lateral extension of this anomaly was not studied.
Anomalous Zn, Mn and Fe values were also recorded
near the Devonian-Carboniferous boundary in the
Vesdre basin (Belgium); its origin and lateral extension
however, are still under investigation (Swennen, 1984).

According to these features it seems worthwhile
to continue the study of this stratigraphic interval.
If this anomaly can be explained by a world-wide event
is guestionable. It seems more likely that different pre-
conditions such as tectonic activity, a high geothermal
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Table 1. - Geochemistry of some lithologies of the Sikambr Formation.

& lithology interpretation Sr Zn Fe K IR
z2 ppm ppm ppm ppm %
m
=
S |
& limestone breccia evavoritic solution breccia 1247 10 973 163 4 ;
i
>
Z
m
g | algal micrite with | inter- to supratidal A 665 237 2057 512 11
0 anhydrite relics (sabkha) ,
& B 502 60 5312 775 12 \
B ]
Z J
) N
=] zebra limestone DCR-recrystallization A 5981 11 1503 224 6
[;D_] product of algal micrites :
@ B 858 4 1664 | 279 4 !
a i
& i
v palisade calcite selenite pseudomorphs 2024 1 244 34 0 |
& J
& s
2 - |
- background values of the underlying strata X 338 24 2345 285 7 i
(n = 13)
54 59 33 726 245 4

gradient, circulating fluids, etc. are needed for making
a sedimentary basin of potential importance for mine-
ralization.

5.2. - SR (ZN) ANOMALY (SIKAMBR FM.; PEREVALNY /
SIKAMBR LOCATION)

v

An importaht Sr anomaly, up to 35 m thick,
was discovered in the Middle Sikambr Formation at
Perevainy/Sikambr (fig. 6). Anomalous Sr values occur
in limestone breccias, algal micrites with anhydrite
pseudomorphs, zebra limestones and palisade calcite
layers. In table 1 the sedimentological interpretation
and the Sr, Zn, Fe, K and IR contents of these strata
are given. The breccia, mainly composed of algal mi-
crite, displays abnormal Sr values, while the contents of
other elements are low. The algal micrites are also cha-
racterized by abnormal Sr contents and by high to ano-
malous Zn and Pb values. It is not known if Zn and Pb
are adsorbed on organic phases or if they occur as des-
siminated sulphide phases. Ferguson & Bubela {1974)

demonstrated that metals can be adsorbed onto the |

particulate organic matter of algae.. However, other
studies have not necessarily yielded the same results
(Dissanayake, 1985). The occurrence of dessiminate
Zn, Pb sulphide phases within algal mats was reported
from different places. In order to explain the associa-
tion between algal mats and stratiform metalliferous
deposits Renfro (1974) developed his " Sabkha-Pro-
cess” model. He proposed that algal-mat facies upon
burial in a sabkha environment will become saturated
with hydrogen sulphide generated by anaerobic bac-
teria. As terrestrial-formation water passes through
the hydrogen/sulphide-charged algal mats, its load of
dissolved metals is reduced and precipitates intersti-
tially as sulphides. Eugster (1985) however, pointed
out that none of these syngenetic concentrations are

usually high enough to form an ore deposit. Neverthe-
less, a geochemical coherence between base metal
enriched algal mats and ore deposits may exist.

In that case further enrichment through remobilization,
transport and deposition processes is necessary. The
high to anomalous Zn and Pb contents in the Sikambr
algal mats are interpreted as a possible proto-ore.
Since the zebra limestones, which are the recrystalli-
zation products of the algal micrites, possess low Zn,
Pb, Mn and Fe contents remobilization of base metals
within this sequence occurred. These metal-enriched
fluids may have played a role in ore formation else-
where.

Another characteristic feature of the zebra lime-
stones is their low K, IR and partly Na contents in com-
parison to the algal mats indicating that during diage-
netic crystallization the detrital components of the
micrites such as clays were altered. Zebra limestones,
however, possess very high Sr contents. The important
variations in Sr content can be explained by the fact
that the remobilized Sr precipitated as individual ce-
lestite crystals.

The palisade calcite cFystals, which were inter-
preted as selenite pseudomorphs, also possess ano-
malous Sr contents, while all other elements occur in
extremely low concentrations. As in the zebra lime-
stones Sr is incorporated within small celestite crys-
tals; the low content of the other elements is explained
by their initial low content and by the pseudomorphose
process.

In conclusion we may state that the high Sr con-
tents within the breccia and algal micrites is compatibie
with the deduced hypersaline sedimentation environ-
ment. As already discussed by several authors (Veizer
& Demovi¢, 1974; Kranz, 1973; Swennen et a/., 1983)
Sr can be used as a facies indicator. During diagenetic
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crystallization and/or pseudomorphoses Sr seems to be
concentrated into celestite, while a loss of other ele-
ments is apparent.

5.3. - SR ANOMALY (UPPER GYTGYNPYLGIN FM;
ELERGETKHYN LOCATION)

Over an interval of about 60 m, anomalous Sr
values were found in chert-rich biomicrites with shale
intercalations of the Upper Gytgynpylgin Formation.
As previously discussed the background value of Sr
(396 ppm; = 45 ppm; n = 13) within these rather
deep-subtidal sediments is probably related to the
higher proportion of the stable low-Mg calcite in the
original sediments. "An initially higher amount of this
mineral phase within the considered abnormal intér-
val cannot explain in an adequate way the anomalous
Sr contents. A possible interpretation is the interfe-
rence of intercalated shale units, inhibiting the loss of
Sr during diagenesis. High to abnormal Sr contents
within clay-rich Triassic strata were explained in a
similar way by Veizer & Demovi¢ (1974) and Kranz
(1976). Swennen & Viaene (1981) proposed a simi-
lar interpretation for a Sr anomaly within Visean strata;
however, there also abnormal concentrations of Zn, Pb,
Fe and Mn occur. This anomaly could also be geneti-
cally related to the overlying dolostones. Dolomitization
will normally lower the initial Sr content. However,
little information is available on what occurs with the
liberated Sr. In our case it seems possible that part of
the Sr precipitated or became incorporated within
calcite (calcite veinlets) or was adsorbed by clays near
the dolomitization front. This interpretation could also
explain the absence of abnormal contents of the other
elements since they were not expulsed during dolomi-
tization. Further research is needed to solve this pro-
blem. :

5.4.- PB, MN ANOMALY (PEREVALNY -ELERGETKHYN
FM; PEREVALNY LOCATION)

Within the Perevalny and Lower Elergetkhyn
strata at Perevalny anomalous high Pb values, displaying
an irregular pattern, were found in two sections around
faults. In comparison with the overlying limestones,
‘high Mn contents also occur over these strata. In con-
trast to Pb its lateral extension is much more developed.
None of the other elements, with the exception of Fe
perhaps, occurs in similar anomalous quantities. The
high Fe contents can also be explained by adsorption
phenomena on [R-phases, since a covariant pattern
with K and IR is present. A covariance with these
elements and Pb and Mn is not observed. These features
and the fact that the anomaly was found in two sec-
tions both crosscutted by the same E-W trending
fault-system, suggest an epigenetic origin. Therefore, its
importance is local. As can be deduced from the geolo-
gical map (Simakov et al.,, 1979; fig. 10) this fault-
system has a post-Lower Cretaceous age. Because of the

very anomalous Pb values and the associated Mn halo,
and the occurrence over an important distance (about
1,3 km}, it seems possible that a fault-related Pb mine-
ralization occurs in Perevalny valley. This possibility
is also argued by the fact that in the Perevalny creek
several pebbles and some cobbles of galena occur in the
river bed. A soil geochemical survey around the E-W
trending faults is proposed as a follow-up prospection
tool.

6. - CONCLUSION

Different sections covering the Upper Famennian
and Tournaisian in four localities, namely Pushok,
Perevainy/Sikambr, Elergetkhyn and Uljagan, have
been studied in the eastern Omolon area (NE-USSR).
The lithogeochemical features within these strata can
be summarized as follows :

1. The background lithogeochemical distribution pat-
terns are mainly controlled by the insoluble resi-
due phases.

2. The Sr distribution pattern within the limestones
is facies-controlled . The background values within
the rather deep-marine limestones are clearly higher
than in the shallow-marine strata.

3. An important regional Zn (Pb, Mn) anomaly was
found near the Devonian-Carboniferous boundary.
Evidences of syndepositional fault activity during
this period were found. This para-stratabound
anomaly was interpreted to be exhalative in origin.

~Therefore the presence of sediment-hosted exhala-
tive mineralizations inthe area seems possible.
However, this anomaly cannot be used for detailed
correlation.

4. An important Sr (Zn) anomaly was recognized within
the Upper Tournaisian hypersaline strata, confirming
the use of Sr as facies indicator. Redistribution and
remobilization processes due to diagenetic crystat}i-
zation were discussed to explain the Sr patterns in
the zebra limestones. ‘

5. An important Sr anomaly was found at the dolo-
mitization front at Elergetkhyn. A relation with
the dolomitization process is possible, but this
anomaly may also be caused by diagenetic " shield-
ing effects” of the intercalated shale beds. _

6. A local epigenetic fault-related Pb, Mn anomaly
was discovered at Perevalny. It indicates a poten-
tial for mineralizations associated with the E-W
trending fault system.

ACKNOWLEDGEMENTS

The authors are grateful to R. Conil and T.P.
Razina for many helpful comments and discussions.



LITHOGEOCHEMISTRY OF UPPER FAMENNIAN-TOURNAISIAN IN OMOLON AREA (NE-USSR) 261

Technical assistance has been given by A. Caproens,
D. Coetermans, C. Moldenaers and G. Van den Eynde.
The work was sponsored by the USSR Academy of
Sciences, The Northeastern Interdisciplinary Science
Research Institute of the USSR Academy of Sciences,
the Geological Survey of Belgium, the National Fund
for Scientific Research of Belgium and the Belgian
Ministry for National Education. The Geofiles Founda-
tion also is thanked for financial support. The first
author (R.S.) benefited of a research grant from the
National Fund for Scientific Research of Belgium.

REFERENCES

BARBIER, J., 1979. Géochimie en roche autour de quelgues
gites ou indices de Pb-Zn en milieu carbonaté. Buli.
B.R.G.M. {2e sér.), section [ (1) : 1-22.

DISSANAYAKE, C.B., 1985. Metals in algal mats - A geoche-
mical study from Sri Lanka. Chem. Geol. 47 : 303-320.

EUGSTER, H.P., 1985. Oil shales, evaporites and ore deposits.
Geochim. Cosmochim Acta, 49 : 619-635.

FERGUSSON, J. & BUBELA, B., 1974. The concentration of
Cu (1}, Pb (1) and Zn (l1) from agueous solutions by
particulate algal matter. Chem. Geol., 13 : 163-186.

GOVETT, G.J. & WHITEHEAD, R.E., 1973. Errors in atomic
absorption spectrophotometric determination of, Pb,
Zn, Ni and Co in geologic materiats. J. Geochem. Ex-
plor., 2 :121-131. ’

KASIG, W., KATSCH, A. & KOLLENBERG, W., 1984, Geo-
chemische Untersuchungen im Profil Stokum tl (Grenze
Devon/Karbon) im Rechtsrheinischen Schiefergebirge
(Sauerland/Deutschland). Cour. Forsch.-inst. Sencken-
berg, Frankfurt a. Main, 67 : 143-155.

KRANZ, J.R., 1973. Die Strontium-Verteilung den Alberg-
schichten (Obere Ladin) des Klostertales (Vorarlberg)
Nordliche Kalkalpen. N. Jb. Geol. Paldont. Mh.,, 3 :
170-187.

KRANZ, J.R., 1976. Stratiforme und diskordante Zink-Blei
Anomalien in Erzhoffigen Oberen Wettersteinkalk (Al-
pine Mitteitrias). Mineral. Deposita, 11 : 6-23.

LAMBERT, {.B. & SCOTT, K.M., 1973. implications of geo-
chemical investigations of sedimentary rocks within and
around the Mc Arthur River zin-lead-silver deposit,
Northern Territory, Austratia. J. Geochem. Explor., 2 :
307-330.

LARGE, D.E., 1980. Geological parameters associated with
sediment-hosted, submarine exhalative Pb-Zn depo-
sits : an empirical modet for mineral exploration. Geol!.
Jb. 40 : 59~129,

LARGE, D.E., 1983. Sediment-hosted massive sulphide lead~
zinc deposits : an empirical model. /n : Short course in
sediment-hosted stratiform lead-zinc deposits. Ed.
D.F. Sangster. Mineral. Assoc. Can., vol. 8.

LUR’YE, A.M., 1957. Certain regularities in the distribution
of elements in sedimentary rocks of the northern Bayal-
dyr district in Central Karatau. Geochemistry, 5 : 470-
479.

OEHLER, J.H. & LOGAN, R.G., 1977. Microfossils, cherts
and associated mineralisation in the Proterozoic Mc
Arthur (H.Y.C.} lead-zinc-silver deposit. Econ. Geol.,
72 : 1393-1409.

RENFRO, A.R., 1974. Genesis of evaporite-associated stra-
tiform metalliferous deposits - a sabkha process. Econ.
Geol., 69 : 35-45.

RUSSELL, M.J., SOLOMON, M. & WALSHE, J.L., 1981. The
genesis of sediment-hosted, exhalative zinc + lead depo-
sits. Mineral. Deposita, 16 : 113-127.

SCHULZ, R. [., 1966. tower Carboniferous cherty ironstones
at Tynagh, Ireland. Econ. Geol. 61 : 311-342.

SIBSON, R.H.,, MOORE, J.Mc.M. & RANKIN, AH. 1975.
Seismic pumping - a hydrothermal fiuid transport me-
chanism. JI. Geol. Soc. Lond., 131 : 6563-659.

SIMAKOV, K.V., GAGIEV, M.H.,, DYLEVSKY, E.F., KOLE-
SOV, Ye.V., RAZINA, T.P.,, SMIRNOVA, L.V. & SHEV-
CHENKO, V.M. 1979. Field excursion Guidebook
Tour X, XIV Pacific Science Congress, Khabarovsk :
3-123.

SWENNEN, R., 1984. Stratigrafie, sedimentologie en relaties
tussen lithogeochemie en Pb-Zn mineralisaties van het
Dinantiaan in het synkiinorium van Verviers. Unpubi,
Ph. D. thesis, Kath. Univ, Leuven (Belgium).

SWENNEN, R., 1985. Lithogeochemistry of Dinantian car-
bonates in the Vesdre basin {(Verviers synclinorium
E-Belgium) and its relations to paleogeography, lithology,
diagenesis and Pb-Zn mineralizations. Academica Ana-
lecta, Klasse der Wetenschappen, Jg. 47.

SWENNEN, R., BOONEN, P. & VIAENE, W, 1983. Strati-
graphy and lithogeochemistry of the Walhorn Section
{Lower Visean; Vesder Basin, E-Belgium) and its impli-
cations. Bull. Soc. Belg. Géol., 91 : 239-258.

SWENNEN, R. & VIAENE, W., 1981. Lithogeochemistry of
some carbonate sections of the Dinantian in the Vesder
Region (Belgium). Bull. Soc. Belg. Géol. 90 : 65-80.

SWENNEN, R., BLESS, M.J.M., BOUCKAERT, J., RAZINA,
TP. & SIMAKOV, K.V, 1986. Evaluation of trans-
gression-regression events in the Upper Famennian-
Tournaisian strata of the eastern Omolon area (NE-
Siberia, USSR). /n Late Devonian events around the Old
Red Continent, M.J.M. Bless & M. Streel (eds), Ann. Soc.
géol. Belg., 109 : 237-248.

TAYLOR, S., 1984. Structural and Paleotopographic con-
trols of lead-zinc mineralization in the Silvermines ore-
bodies, Republic of Ireland. Econ. Geol., 79 : 529-548.

VAN ORSMAEL, J., 1982. Lithogeochemie van de Dinantian
karbonaatgesteenten in het synclinorium van Dinant.
Unpubl. Ph. D. thesis, Kath. Univ. Leuven (Belgium).

VEIZER, J. & DENIOVI(:‘,, R., 1974. Strontium as a tool in
facies analysis. J. Sed. Petrol., 44 : 93-115.

WEBER, J., 1964. Trace elements composition of doiostones
and dolomites and its bearing on the dolomite problem.
Geoch. Cosmoch. Acta. 28 : 1817-1968.



