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INTRODUCTION

The Gobi-Altai terrane in Southern Mongolia, gen-
erally thought to be a backarc basin succession, con-
sists of well-preserved Ordovician-Lower Devonian
deep-to-shallow marine sedimentary rocks overlain
by Devonian-Triassic breccia, limestone and volca-
nic-sedimentary units. The Tsagaanbulag and over-
lying Amansair Formations make up a total of over
550 meters of shallow marine limestone interbedded
with siltstone (Minjin et al., 2001). Using conodont
data, Wang et al. (2005) assigned the upper half of
the Tsagaanbulag and the lower half of the Amansair
to the Middle Lochkovian (Lower Devonian). A
thick conglomerate unit at the bottom of the Tsakhir
Formation unconformably overlies both units at two
different sites near Shine Jinst (Fig. 1). The base of
the Tsakhir is pre-Pragian or Pragian in age (Wang
et al., 2005).

In this study I interpret the depositional environ-
ments of two sections within the Amansair and
Tsagaanbulag Formations near Shine Jinst, and dis-
cuss how the environment and paleocommunities
changed during the middle Lochkovian. Through
examination of the abundance and composition of
faunal and siliciclastic constituents, as well as analy-
sis of sedimentary textures throughout the sections,
I aim to interpret the paleoenvironmental context of
strata preserved at the two sites. The goal is to form
a better understanding of the environmental condi-
tions leading up to the tectonic uplift that probably
created the unconformity and initiated conglomer-
ate deposition at the base of the Tsakhir Formation
(Lamb et al., 1997). When compared to sections

above and below these formations (studies by Reit-
man, Gibson, and others in this volume), this study
will help to elucidate the depositional history and
paleogeography of the Gobi Altai terrane, and help
address the question of whether it actually repre-
sents a backarc basin or a dismembered part of the
adjacent Mandalovoo island arc terrane (Soja et al.,
2006).

METHODS

A detailed stratigraphic section was measured and
described in two units at two sites: the Tsagaanbu-
lag Formation at the Tsakhir Well (44.3616389°N,
99.4485278°E) and the Amansair Formation at the
Ulaanshand Well (44.3373611°N, 99.53475°E). Both
sections are situated beneath an unconformity with
the Tsakhir Formation (Fig. 1). The Amansair sec-
tion (UL1) is 64 m thick with the Tsakhir contact
63.5 m from the base. The Tsagaanbulg section
(TSAV) is 10.1 m thick with the base approximately
70-80 m below the contact. Oriented samples were
collected at approximately 1-m intervals across

the overturned and exposed sections. They were
slabbed perpendicular to bedding, and 58 were im-
pregnated with resin at high pressure and made into
thin sections. Each thin section was point-counted
(200-250 points) to determine percent composi-
tion of different types of skeletal grains, as well as
the relative importance of siliciclastic and carbonate
grains in the largely micritic matrix. The grain-size
range of the siliciclastic grains was recorded for each
thin section. Selected hand samples were polished
and etched in 10% HCI for about 1 minute to facili-
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tate examination of internal fabrics and sedimentary
structures. Data for skeletal components, grain

size and sedimentary structures were used to infer
changes in the paleocommunity, water depth, en-
ergy level and degree of siliciclastic sediment input
over the time periods represented by the measured
sections.
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Figure 1. Locality map showing the sections examined (in
brackets) at the Tsakhir Well and Ulaanshand Well sites.

In addition, samples were collected at 0.5- to 1-me-
ter intervals for stable isotope analysis. Powder was
collected from 63 samples using a Dremel tool; care
was taken to avoid obvious calcite veins that would
have post-dated deposition. Powder samples were
sent to the Environmental Isotopes Laboratory at
the University of Arizona for §"*C measurement.
Data were compared to published curves to chro-
nostratigraphically correlate the sections with global
records as well as those of other project members.

RESULTS

Data for the two measured sections are summarized
in Figures 2 and 3. The 10.1-m section through the
Tsagaanbulag Formation at the Tsakhir Well (TSAV)
is made up of thinly interbedded wackestone and
green, argillaceous calcilutite (Fig. 2). Brachiopods
dominate the fossil assemblage in the lowermost
meter of section; from 1 to 2 meters from the base
brachiopods decrease to less than 2% of the al-

lochems and gastropods become more prevalent.
From 2.7 m onward, brachiopods increase again
and along with crinoids make up over half of the
fossils in the remainder of the section. Other com-
mon constituents throughout the section include
trilobites and ostracodes. In hand sample and thin
section, the brachiopods and other shells are gener-
ally intact or nearly intact. The samples through

2.7 m are wackestone consisting of relatively large
(several millimeters) fossil fragments in a micritic
matrix with less than 5% fine-grained (smaller than
0.1 mm) siliciclastic grains. The samples from 3.3 to
6 m are more grain supported and the intergranu-
lar space is primarily sparry calcite cement (Fig. 2).
Above 6 m the rocks are again more micrite sup-
ported with fewer fossils, although fossil content and
sparry cement increase upwards to 10.1 m, where
fossils are largely packed once again.

In section ULI at the Ulaanshand Well, fossil con-
tent in the Amansair Formation generally fluctu-
ates between 0 (in shaley intervals) and 30%, except
for a peak of over 70% around 50 m in the section
(Fig. 3). Although some whole brachiopods and
gastropods were found, most of these shells and
other types of fossils are highly fragmented, a sharp
contrast to section TSAV. The lower 43.7 m con-

sist largely of thin (usually less than 1 m) intervals
of silty micritic lime mudstone separated by more
fossiliferous silty wackestone or packstone (Fig. 3).
The most abundant skeletal grains in this part of
the section are brachiopods, crinoids, ostracodes,
and gastropods (Fig. 4a). From 43.7 to 54.2 m, the
section is dominated by massive wackestone and
packstone with thin (~10 cm) stromatoporoids.

This part of the section also contains a few interbed-
ded shaley units, all less than 1 m thick. The fossil
constituents are mainly bryozoa, although brachio-
pods, ostracodes, and crinoids also exist in similar
quantities as below. Trilobites also become some-
what significant (0.5 to 7% of the allochems). Above
54.2 m, until the unconformity at 63.5 m, there is a
facies strata change to shaley, greenish, calcareous
siltstone, which is interbedded with a few calcareous
sandstone units with few to no fossils. The overlying
conglomerate of the Tsakhir Formation is made up
mainly of limestone clasts similar to facies found in
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Figure 2. Stratigraphic section at TSAV within the Tsagaanbulag Formation at the Tsakhir Well site showing percentages of allo-
chems and other components in the rocks. To the right, §'3C data generally hover around -0.5%o.

the Tsagaanbulag and Amansair formations, as was
the case at the Tsakhir site.

The matrix of the strata in UL1 generally consists
of micritic limestone. Petrographic analysis also
showed minor sparry cement and subangular silici-
clastic grains, most commonly quartz, but also some
feldspar and other minerals (Fig. 4a). Siliciclastic
grains generally range from about 20 to 140 mi-
crons and make up between 10 and 30% of the rock
throughout the section, with higher values occur-
ring at 22 m (~50%) and above 54.1 m (over 30%)
from the base. From 43.7 to 54.2 m, the packstone
interval described above is characterized by lower
siliciclastic content (1-5%) and smaller siliciclastic
grain size (less than 100 microns). The percent of
siliciclastic sediment in the rock tends to vary in-
versely with the number of allochems.

Evidence of both physical and biological disruption
is present in the section. Small-scale cross-stratifi-
cation exists in this outcrop, most notably between
18 and 22 m (Fig. 4b). Bioturbated textures and
burrows are present at various fossiliferous beds
throughout ULL.

Data for 6"*C fluctuate between -1 and 0%o through-
out the TSAV section, except for a minimum of less
than -2%o at 1.1m (Fig. 2). In the UL1 section, §"*C
data generally fluctuates between 1 and 2%o in the
lower 35 meters, after which they increase to over
3%o, decreasing again toward the top of the section
(no data is available for the last ~10m below the
unconformity) (Fig. 3).
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Figure 3. Stratigraphic section at UL1 within the Amansair Formation at the Ulaanshand Well site showing the percentage of al-
lochems and other components. To the right, §'3C data show generally increasing values toward the top of the section, with peaks
of around 3.0 to 3.5%o.

247



23rd Annual Keck Symposium: 2010 Houston, Texas

Figure 4. A. Photomicrograph of sample at 1.5 m above the
base of the ULT section, showing brachiopod, crinoid and other
fossil fragments, along with silt-sized and fine sand-sized silici-
clastic grains, which are relatively well sorted. B. Field photo at
19.5 m above the base of the UL1 section showing small-scale
cross-bedding.

DISCUSSION

These two measured sections are similar in both
their fossil content and the nature of the matrix.
The angularity of the siliciclastic grains indicates
that they were deposited close to their terrigenous
source and were not extensively reworked by ma-
rine processes. Section UL1 probably represents an
environment of at least moderate energy generated
by waves, currents or storms. Skeletal grains seem
to be largely transported and reworked, siliciclastic
grains are fairly well sorted in the coarse silt to fine
sand range, and cross-bedding is evident in some
parts of the section. However, most of the rocks are
largely unwinnowed, containing significant amounts
of micritic carbonate. Periodic decreases in micrite
that coincide with increases in sparry cement, as
well as fragmentation and rounding of allochems,
indicate deposition in an alternately high energy

and quieter water environment: the energy is prob-
ably mainly provided by intermittent storms (Flugel,
1982). The TSAV section was probably deposited in
a less energetic environment, based on the less abun-
dant and finer-grained siliciclastic grains (coarse silt
and finer), less fragmentation of skeletal grains, and
a lack of current-generated sedimentary structures
such as cross-bedding. This could reflect a deeper
water site of deposition, or else a period of time with
no storm-generated deposition. A study of a larger
section of the Tsagaanbulag Formation The scarcity
of siliciclastic grains in the TSAV section could infer
a deeper environment removed from a terrestrial
source; however it could also reflect a change in the
intensity of erosion and sediment transport off the
exposed landscape over the estimated 10-15 mil-
lion years separating the two sections (based on data
from Wang et al., 2005).

Facies analysis indicates subtle differences between
the environments represented in the two sections.

In the older strata of the Tsakhir Well section, abun-
dance and diversity of organisms infers a shallow to
deeper subtidal marine environment (Flugel, 1982).
In the Ulaanshand Well section, higher overall in-
terpreted energy, the higher amounts of siliciclastic
sediment, the abundance of bioturbation, and the
presence of stromatoporoids among abundant fossils
of open marine fauna suggest a generally shallower
subtidal environment (Flugel, 1982). Fossil content
fluctuates within relatively constant limits until about
39 m, when it experiences a dramatic increase in
mainly bryozoa and stromatoporoids, before drop-
ping precipitously after 54 m. The sharp increase in
faunal abundance near the top of the section may be
attributed to a decrease in siliciclastic input and/or a
decrease in energy, as it coincides with a drop in the
amount and grain size of siliciclastic grains. Above
54 m, the lack of fossils and the dominance of si-
liciclastic sediment indicate a clear environmental
change. One possibility is that increased uplift of the
hinterland initiated higher siliciclastic erosion, trans-
port, and deposition that limited the abundance of
organisms and their fossil remains. Eventually this
area was uplifted, exposed, eroded, and later overlain
by the conglomerate of the Tsakhir Formation (Lamb
et al., 1997; Gibson, this volume).
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The carbon isotope data show a significant overall
change from the negative §"*C values in the lower
Tsagaanbulag Formation section (TSAV: Fig. 2)
and the generally increasing positive values in the
Amansair Formation section (UL1: Fig 3). When
compared with various local and global curves
(Malkowski et al., 2009; Buggisch et al., 2006;
Saltzman, 2002) the higher 6"*C values within the
Amansair Fm (UL1) are consistent with a Middle
Lochkovian age. However, isotopic signatures for
the lower Tsagaanbulag Formation (TSAV) are more
consistent with deposition just before the Silurian-
Devonian boundary, contrary with the conclusions
of Wang et al. (2005). Further examination of the
curves is necessary to ascertain whether the peaks
in the 6"*C curve for UL1 might help to better
constrain the timing of deposition and to correlate
among sections examined by the larger Keck-Mon-
golia project.

The results of this project suggest that both of these
formations were formed in a somewhat shallow-wa-
ter environment with fluctuating degrees of silici-
clastic input from a nearby terrigenous source. UL1
represents a generally shallower facies than TSAV,
although it is unclear whether there is a continu-
ous shallowing-upward succession between the two
formations. A shallowing-upward trend is inferred
within the Amansair Formation at UL1. A study

by my colleague of a ~110 m thick section of the
Tsagaanbulg Formation at the Tsakhir site, laterally
adjacent to TSAV, confirms that shallowing is occur-
ring toward the top of this formation as well; TSAV
may be conformable with a deeper-water facies
within this section (Reitman, this volume). Further
research and comparison of this study with those of
other sections of the Gobi-Altai terrane may help to
turther constrain the larger paleoenvironmental and
paleogeographic picture of this terrane.
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