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SEQUENCE STRATIGRAPHY AND PALEONTOLOGY OF THE
UPPER ORDOVICIAN DARAVGAI AND GASHUUNOVOO
FORMATIONS, GOBI-ALTAI TERRANE, SHINE JINST,
MONGOLIA

SARA E. OSER
University of Cincinnati
Research Advisor: Carlton E. Brett

INTRODUCTION

A key agenda for sedimentary geology is the docu-
mentation and interpretation of sedimentary cyclic-
ity on various scales. Cyclic patterns may be gener-
ated by local tectonics or global eustatic fluctuations,
the latter commonly linked to widespread faunal
patterns. Late Ordovician (Caradoc-Ashgill Stages)
strata of eastern North America contain some of the
best-documented Paleozoic cycles (Holland, 1993,
1998; Holland and Patzkowsky, 2007, 2009). Yet,

to date, there has been little effort to test whether
these cycles have counterparts in other regions. It is
critical to determine if the boundaries and stacking
patterns of third-order depositional sequences iden-
tified by Holland (1993,1998) can be identified in
other depositional basins. The objective of this study
is to determine if these putatively global, allocyclic
effects can be recognized in a distant, oceanic island
arc platform in the Gobi-Altai terrane in southern
Mongolia. The Upper Ordovician of the Gobi Altai
terrane of southern Mongolia, like the Cincinnatian,
is composed of mixed carbonates and siliciclastics
formed on a platform adjacent to developing tec-
tonic source.

The present study presents an analysis of the se-
quence stratigraphy and paleoenvironments of
upper Caradocian to lower Ashgillian strata of a
well-exposed section in the Shine Jinst region of
Mongolia to reconstruct patterns of relative sea level
change (within a tectonic context) and examine how
the biota responded to the resulting environmen-

tal modifications. A comparison was then made
between this section and concurrent sections in
Cincinnati, Ohio, in order to distinguish the re-

gional versus global signatures recorded and test for
possible eustatic patterns.

GEOLOGIC AND TECTONIC SETTING

Mongolia is composed of numerous terranes ag-
glomerated during a long and complex tectonic
history. The Shine Jinst region is located in southern
Mongolia in the Gobi-Altai terrane (Fig. 1). The
strata in the Shine Jinst region have been faulted
and subjected to varying degrees of folding. As
such, much of the sedimentological record has
been significantly modified and made discontinu-
ous, presenting a challenge for paleoenvironmental
reconstruction. The study area at Shar Chuluut has
undergone moderate deformation and fracturing,
such that the strata are tilted and folded, yet trace-
able to some extent (Fig 2) (Badach et al., 2002;
Windley et al., 2007; and Lamb et al., 2007).
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Figure 1: Map indicating the Shine Jinst region of southern
Mongolia. Inset shows detail of the study area. Data courtesy
of the Seamless server and Geocommunity online.

209



23rd Annual Keck Symposium: 2010 Houston, Texas

“Gobi behind Altai”

N

SJS5

Q Q@
O
Graben \
deposits '\

Ry
Wek Hill

s S
=——

fault

Figure 2: Structural diagram showing the ridge profiles of the sections measured in the Shar Chuluut region.

During the Paleozoic, Central Asia was formed dur-
ing a complex series of collisional episodes, result-
ing in the agglomeration of many terranes onto the
Siberian and Baltica cratons. Mongolia is a collec-
tion of terranes between the Siberian and Chinese
cratons formed by the closure of a series of small
ocean basins between incoming arcs (Badarch et al.
2002). The northern part of Mongolia, formed from
a series of accreting microcontinents during the
Precambrian, had stabilized into a coherent block
by the Ordovician (Windley et al 2007). The Main
Mongolian Lineament formed the southern border,
onto which the Gobi-Altai terrane had accreted

and was for a time a passive margin (Badarch et al,,
2001). During the Silurian, Devonian, and Carbon-
iferous, multiple island arcs accreted via northward
subduction, forming the rest of southern Mongolia
and culminating in the collision with the North
China block in the Permian (Lamb, et al. 2007). The

Permian marks the beginning of the transition to
intracontinental deformation of the region, which
occurred throughout the Mesozoic and continues to
some extent today.

The passive margin along the southern edge of

the Gobi-Altai terrane described by Badarch et

al. (2001) provided the depositional environment
necessary to form the sequence of strata measured
in this study. Paleomagnetic studies have placed the
region near the equator, within the subtropical zone
of reef formation between 30° N and 30° S.

Previous work on the paleontology and stratigraphy
of the region was initially conducted by Mongolian
and Soviet researchers during the1970s. Recent
detailed work has been conducted by Ch. Minjin
(1993; 1997; 2009).
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STUDY SECTION AND METHODS

The study section consists of outcrops from the
Ordovician Daravgai and Gashuunovoo Formations,
as well as sections of the Silurian Sharchuluut and
Tsagaanbulag Formations. The two Ordovician for-
mations correspond to the Carodocian and Ashgil-
lian stages, respectively (Minjin et al., 2009).

The base camp for this study was situated at N
44.38874°, E 99.43386° with the study area located to
the southeast near the Shar Chuluut well. A com-
bined 341 meters of section near the Shar Chuluut
well was logged in detail and sampled for fossils.
Each bed was measured with a steel tape; a Jacobs’s
staff and Brunton compass were utilized where
needed. Measurements are accurate to within a
centimeter.

Petrographic samples for thin section analyses
were collected from representative lithologies, ap-
proximately every 2 meters through the carbonate
intervals. “Way up’ information was recorded for
each sample and noted on the thin sections. Analy-
sis of thin sections has been used to characterize
the paleoecological shifts across both large-scale
and small-scale sequences in the section, helping to
characterize subtle environmental changes.

Analysis of thin sections was used to characterize
the paleoecological shifts across both large scale and
small scale sequences in the section, to help char-
acterize subtle environmental changes experienced
during this time. All thin sections were imaged
through a petrographic microscope. Point counts
were conducted through various intervals amount-
ing to 170 meters of section. Points were spaced in
a grid with 2 mm between each point and with an
average of 100 points per slide. Counts were made
directly using a petrographic microscope. Statistical
analyses were conducted utilizing ‘PAST” software.

STRATIGRAPHIC DATA

Owing to the structural deformation of the study
area, obtaining a continuous section through the
entire time interval was problematic. However,

reasonable local correlations could still be made by
careful lithological comparison and diligent at-
tention to structure; this permitted compilation of
a composite section. A generalized stratigraphic
column, composed of 341 meters of section, was
constructed for the composite interval through the
Daravgai Formation and the Gashuunovoo Forma-
tion (Fig. 3). These strata are assigned to the upper
Caradocian and lower Ashgillian of the Upper Or-
dovician based on macrofossil assemblages (Minjin,
2009). It was compiled from six sections (SJS1-
§JS6), which are oriented chronologically and with
zones of possible discontinuity noted.
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Figure 3: Generalized composite stratigraphic column of the
study interval. Individual localities are noted (5JS1-5J56) along
with the formation names. Red lines indicate surfaces with pos-
sible missing strata due to faulting. Units are in meters.

LITHOLOGY

The base of the section was identified as the Dara-
vgai Formation by Ch. Minjin and is described in
sections SJS1-SJS3. SJS1 is composed of massive
coarse limestone grading into patchy dolomite.
SJS2 starts with a small shift into interbedded shale
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and carbonate before grading into thicker bedded
carbonates of generally increasing grain size. SJS3
starts at an abrupt shift into a thin interval of pack-
stones that grade into coarser partially dolomitized
carbonate with tabulate corals throughout. The

top of this section is distinguished by a paleo-karst
surface displaying up to 1 meter of relief, filled by
in-situ shale deposits, and a dissolution hole, infilled
with lithified debris composed of angular limestone
cobbles. SJS3 is capped by the basal shale of SJS4;
however, the presence of a fault indicates the pos-
sibility of missing strata and an unknown interval of
unrecorded time.

SJS4 marks the base of the Gashuunovoo Formation
(and the approximate base of the Ashgill stage) and
is composed of a 60-meter shale interval, followed
by a 70-meter carbonate interval. The carbonate
interval is characterized by a coarsening-upward
sequence with carbonate mudstone and wackestone
that grades into coarser packstone and grainstone.
Some dolomitization is common throughout. The
upper part is characterized by limestones with an
abundance of halysitid corals that grade upward into
a rugosan/brachiopod hash facies. SJS5 continues
the carbonate interval, but is characterized by more

massive beds with some dolomitization and with
rugose corals and stromatoporoids. SJS6 marks a
brief return to more shaly facies, grading upward
into coarser and more thickly bedded carbonates,
including a 2 meter bed of crinoidal grainstone, be-
fore abruptly shifting to a predominantly siliciclastic
regime through an interval of rhythmically inter-
bedded limestone and/or clastics (rhythmites). The
rhythmites occur in a series of three, 1-2 m packages
punctuated by one meter shaly intervals and consist-
ing of alternating 2-10 cm beds of muddy siltstone
and fine sandstone. These rhythmites terminate at a
bed of crossbedded sandstone. Thirty meters higher
in the section there is another 4 meter series of
rhythmites composed of four, 1-0.5 meter packages
of alternating 3-5 cm beds of grainstone and fine
sandstone.

THIN SECTION ANALYSES

Petrographic samples were collected throughout the
carbonate intervals and processed into thin sec-
tions. SJS2 and SJS6 were analyzed using the meth-
ods outlined above, and abundance curves for the
abundance of various taxa and for carbonate grain
size were generated (Fig. 4). The grain size curves

— {pn e {mm = = = intraclasts

mmmalgae ——bryozoans ——brachiopods
mm—Coral

ecninoderms

SJS2

30

Cycle 3

Cycle2
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% points
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Figure 4: Example grain size (A) and taxon (B) abundance curves for SJS2.
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for SJS2 reveal numerous six meter-scale cycles,
that alternate between predominantly fine grain size
(<Imm) to medium sand size (>1mm) and vice
versa. Concurrently a similar 6 meter-scale cyclic-
ity is clearly shown in the faunal abundances, with a
strong algal abundance from 12 to 18 meters, which
drops oft abruptly at 18m before picking back up

at 24 to 29 m. The high algal abundance coincides
with a larger grain size in this section.

The thin sections for SJS6 reveal that siliciclastics,
represented by quartz grains appeared intermittently
within the carbonate 90 meters below the major
transition to siltstone and sandstone noted in the
field. The quartz grain abundance varies within 30-
meter scale, 4th order cycles. The coral and bryozo-
an abundance inversely traces the quartz abundance
at the same scale.

IMPLICATIONS AND COMPARISON

Numerous carbonate - shale cycles can be distin-
guished in the section (see Fig 5). In particular, a
major, karstic unconformity occurs at the Carodo-
cian-Ashgillian boundary as established by Minjin
(2008). Using the Carodocian-Ashgillian boundary
as a point of correlation, the cyclic changes recorded
in the Daravgai and Gashuunovoo Formations are
likely correlative to 4™, 5*, and 6" order eustatic sea
level changes recorded in Cincinnatian strata.

SEQUENCE INTERPRETATION AT SHAR
CHULUUT

The general coarsening upward trend in the carbon-
ates accompanied by the presence of algae, corals,
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Figure 5: Generalized composite stratigraphic column of the study interval with the analogous Cincinnatian units identified. Units
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and other shallow water taxa suggest that SJS2-SJS3
represents a shallowing-upward interval culminat-
ing in subaerial exposure and dissolution, and is
interpreted as a major sequence boundary. The
paleokarst surface capping SJS3 and marking the
Carodocian-Ashgillian boundary suggests that there
was very little erosion associated with ravinement at
the sequence boundary. The surface is overlain by

a thick shale interval indicative of a rapid sea level
rise, possibly exaggerated by tectonics. The presence
of volcanics in the Gashuunovoo immediately above
the measured interval suggests that there was indeed
active volcanism at this time. The sparsely fossilif-
erous shale records an offshore, probably dysoxic
environment deposited during a highstand interval.

The shale (§]S3-23.0) is followed by an equally
abrupt transition back into muddy carbonate,
probably recording a second fourth order sequence
boundary. The succession grades from carbonate
mudstone to packstone with abundant halysitid
corals and intraclasts preceding the return of inter-
bedded limestone and shale. This interval defines
a transgression from shallow subtidal facies into
deeper subtidal facies (SJS6: transgressive sequence
tract).

The interbedded limestone and shale records several
small-scale sequences, which are each characterized
by an upward-increasing number and thickness of
carbonate beds. As observed in the thin sections,
this interval is also characterized by an influx of
angular quartz grains (approx 0.2 mm) within the
carbonate beds. Centered at the 250 meter posi-
tion is a 50 meter interval with a series of 1-meter
packages of bryozoan colonies smothered by minor
pulses of siliciclastics. The increasing siliciclastic
content of this interval suggests the upper portion of
a shallowing upward or regressive succession.

This regression (or falling stage) is followed by a
brief return to quartz-free carbonates with intra-
clasts, then pure crinoidal grainstone. This inter-
val is interpreted as another transgressive systems
tract and its rather abrupt base as another sequence
boundary. At 290 meters the major siliciclastic
influx becomes predominant, introduced by cross-

bedded sandstone and the last crinoidal grainstones.
The heavily winnowed crinoidal grainstones and
cross-bedded sands indicate a very shallow, possibly
tidally influenced environment. These strata are
overlain by coarse siltstones, sandstones and pebble-
conglomerates that indicate highstand conditions

as well as a tectonic influence as the primary driv-
ing force of shallowing in comparison to eustatic
changes. Regional uplift inland would dramatically
increase erosion rates and the shallowing seas would
be the prime receiver of this new influx of sediment.

SEQUENCE STRATIGRAPHY OF THE
CINCINNATIAN OF NORTH AMERICA

The Cincinnatian Series of North American is an
interval which corresponds to a time 450 to 443.7
million years ago (+1.5ma) (Webby et al., 2004)
and consists of the Upper Carodocian and Lower
Ashgillian Stages. During the Late Ordovician the
Laurentian craton was submerged beneath a shal-
low intracontinental sea. The eastern continental
margin was periodically an active subduction zone
with a series of island arcs accreting, building the
nascent Appalachian Mountains during the Taconic
Orogeny.

The Cincinnatian has been subdivided into a series
of 3rd-order cycles by (Holland, 1993) and those
have now been traced widely in eastern North
America. This succession represents the upper
Caradoc-lower Ashgill and is thus age equivalent to
the Daravgai and Gashuunovoo Formations. Within
the Cincinnatian, the Carodoc-Ashgill boundary
coincides with a major sequence-bounding discon-
tinuity identified as the C4 and C5 boundary within
the Richmondian Stage (Holland 1993, 1998). The
top of the C4 sequence is the Arnheim Formation
and the base of the C5 is the Waynesville Formation.
The uppermost member of the Arnheim Formation
is the Oregonia and is predominantly limestone.
This is overlain by the Ft. Ancient Member of the
Waynesville Formation, which is predominantly
shale and records a major transgression through-
out central North America (Maquoketa transgres-
sion). The Clarksville and Blanchester members
follow, with increasing limestone abundance (Davis,
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1998). Additional sequence boundaries (informally
identified as C5b through C5d by Brett et al., 2009)
are now recognized at the bases of the Clarksville,
Liberty, and Lower Whitewater Formations. The lat-
ter shows extremely strong shallowing (Brett et al.,
2009).

COMPARISON

The timing and magnitude of depositonal sequences
recognized near the Upper Ordovician Caradoc-
Ashgill stage boundary in the Cincinnatian are mir-
rored to some degree by those of the Shar Chuluut
section. In particular, the major karstic unconfor-
mity at the Daravgai and Gashuunovoo Formation
contact records a lowstand at the Caradoc-Ashgill
boundary that may correlate with the C4-C5 bound-
ary in the Cincinnatian. The shallowing succession
of SJS1-S]S3 is approximately coeval with the falling
stage (regression) of C4, the Oregonia Member in
the Cincinnatian. The subsequent thick shale inter-
val of the basal Gashuunovoo Formation may thus
correspond to the widespread major C5a highstand,
seen in the Ft. Ancient Shale member and lower
Maquoketa Shale of midwestern North America.

The return of subtidal carbonates observed in the
second half of SJS4 through the very base of SJS6

is mirrored by sequence C5b. The shallowing and
strong influx of coarse siliciclastics above this level
may correspond to the very strong shallowing seen
in sequence C5d of the Saluda peritidal dolostones
of the Cincinnati region. Above this level, the strong
influx of siliciclastics in the Mongolian succession
may reflect local tectonic control.

CONCLUSIONS

Third, Fourth, and perhaps higher order sequences
in the section are recognizable from the stratigraph-
ic column and are reinforced by variations in grain
size and taxonomic abundances. Combined with
general similarities with sequence stratigraphy of the
North American Cincinnatian, it is plausible that
the cyclicity observed at Shar Chuluut is predomi-
nantly the result of global eustatic sea level change.
The abrupt introduction of coarse siliciclastics at the

top of the section, however, suggests tectonic over-
printing.

The ‘Richmondian Invasion’ is observed in this
interval within the type Cincinnatian (Holland,
1997; Holland and Patzkowsky, 2007). Future
work should focus on obtaining higher resolution
paleoecological data through the SJS4-SJS5 inter-
val at Mongolian localities with better preserva-
tion. Identifying a dramatic faunal turnover in this
interval would be another strong correlation to the
Cincinnatian “Richmondian invasion” (Holland and
Patzkowsky, 2007) and could better constrain the
age of the strata.
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