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ABSTRACT 

The Khuvsgul Group (Khuvsgul Province, Mongolia) is a Late Neoproterozoic to 
Cambrian carbonate-dominated succession that includes minor glacial diamictite and 
one of the largest known ore-grade phosphate deposits in the world. These strata, 
which have experienced low-grade metamorphism, are exposed in the Khoridol-
Saridag Range on the western margin of Lake Khuvsgul. Since 2017, new geologic 
mapping and field studies have been conducted in the Khuvsgul region. During the 
course of this work, it has become necessary to restructure the stratigraphic 
framework of the Khuvsgul Group in order to better facilitate geologic mapping, 
stratigraphic observations, and regional correlations. We have divided the lower 
Khuvsgul Group into four distinct formations spanning the Cryogenian and 
Ediacaran, each of which encompass strata associated with the Sturtian glaciation, 
Cryogenian non-glacial interlude, Marinoan glaciation, and basal Ediacaran 
transgression respectively. The phosphorites of the Khuvsgul Group are now 
included within a new distinct formation, while the overlying Cambrian carbonates 
and siliciclastic rocks have been further subdivided to streamline mapping and 
correlation efforts. The stratigraphic framework outlined below will simplify 
identification and differentiation of Khuvsgul Group rocks in the field and provide a 
foundation for the interpretation of Khuvsgul Group strata within the context of the 
changing climatic, tectonic, and paleoenvironmental conditions of the late 
Neoproterozoic and early Cambrian. 
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INTRODUCTION 

Located on the northern Tuva-Mongolia 
terranes (Ilyin, 1971; Kuzmichev, 2015; Bold et 
al., 2019), and exposed in a north-south belt 
along the ridgelines above the west shores of 
Lake Khuvsgul (Figs 1 and 2), the Khuvsgul 
Basin hosts the late Neoproterozoic to Cambrian 
Khuvsgul Group (Ilyin and Ratnikova, 1981; 

Macdonald and Jones, 2011). The Khuvsgul 
Group is a ~3 km-thick succession composed 
predominantly of  limestone and dolomite, with 
minor diamictite, phosphorite, and siliciclastic 
rocks. Early geological investigation of the 
Khuvsgul Group centered around the ore-grade 
Khuvsgul phosphorite (Ilyin, 1973; Ilyin and 
Ratnikova, 1981). More recent work has focused 
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transgressive sequence form the Khirvesteg 
Formation. The newly-defined Kheseen 
Formation (spelling adapted to conform to 
Mongolian anglicized spelling standardization) 
includes the Khuvsgul phosphorite and 
overlying carbonate grainstones and mass-flow 
deposits. We then define Lower, Middle, and 
Upper members of the Erkhelnuur Formation 
based on regional lithostratigraphic trends in 
order to streamline mapping, field 
identification, and structural relationships. 
Finally, varied siliciclastic rocks overlying the 
Erkhelnuur Formation are incorporated into the 
Ukhaatolgoi Formation.  
 

METHODS 

During the course of a geological mapping 
campaign spanning three field seasons 
(summers of 2017-2019), we measured more 
than 8,000 m of stratigraphic section at sub-

meter resolution through Khuvsgul Group 
exposures in the Khoridol Saridag Range and 
Darkhat Valley. Section locations are depicted 
in Fig. 2, while representative stratotype 
sections are plotted in Fig. 5. By combining our 
lithostratigraphic and facies observations (both 
from measured sections and from outcrop 
encountered during the course of geologic 
mapping) with structural relationships from our 
mapping efforts, we discretized constituent 
formations of the Khuvsgul Group into a 
stratigraphic framework that will streamline 
future work in the region. Formalized unit 
names, type section locations, thicknesses, age 
constraints, and correlations are summarized in 
Table 1.  
 

Stratigraphy 

Ongolog Formation 

Composed of poorly sorted sandstone, siltstone, 
conglomerate, and diamictite, the Ongolog 
Formation is 250-650 m thick, with changes in 
both thickness and facies observed in north-

south along-strike exposures west of Lake 
Khuvsgul. The Ongolog Formation is well 
exposed on the northern slopes of Ongolog 
Gorge (Fig. 2), with recessive, poorly 
outcropping clast-free sequences of fine to 
medium-grained lithic arenites giving way up-

section to more resistant matrix-supported 

stratified diamictite, with the matrix composed 
of the same material that makes up the clast-free 
interval below. On a ridge north of Kheseen 
Gorge (Fig. 2), a continuous section preserves 
the gradual transition from clast-free siliciclastic 
material to massive diamictite (see sections 
M613 and M614 in Macdonald and Jones, 
2011). At both localities, the formation 
culminates in massive, dark-colored, argillite 
matrix diamcitite with clasts of carbonate, 
sandstone, and crystalline basement (“perforated 
shales” of Ilyin, 1973), depicted in in Fig. 4A.  
 

Bakh Formation  

Named for its type locality on a ridgeline above 
Bakh Gorge (EA1701 and EA1702, Fig. 5), the 
Bakh (бах; tr. “toad”) Formation is composed 
of platformal and upper slope carbonate 
sequences that are subdivided into three distinct 
members. 
 

Khurts Member: Dolomite wackestone and fine-

laminated grainstone of the lowermost Khurts 
(хурц; tr. “sharp”) Member of the Bakh 
Formation directly overly the Ongolog 
Formation, with a sharp, conformable or 
paraconformable contact. Although most Khurts 
Member exposures are heavily recrystallized, a 
generally shallowing-upward trend is suggested 
by the increase of coarse grainstone and 
grainflow deposits containing ooids and 
microbial mat rip-up clasts towards the top of 
the member. The Khurts Member is 20-120 m 
thick, and thickens to the southwest.  
 

Bumbulug Member: A conformable transition to 
repeating shallowing-upward parasequences of 
limestone mudstone, marl (mixed carbonate and 
fine-graded siliciclastic rocks), and rhythmite 
(graded calcisiltite to micrite) interbeds marks 
the beginning of the Bumbulug (бөмбөлөг; tr. 
“bubbly”) Member. Vitreous black-grey 
ellipsoidal chert nodules from 1-3 cm are 
distributed throughout thicker, tawny-brown 
mudstone beds, giving outcrops a bubbly, 
almost sponge-like appearance. Thinner 
laminated mudstone, marl, and rhythmite are 
more frequent up-section, with mm- to cm-scale 
bedded chert interspersed throughout; the 
Bumbulug Member is 50-150 m thick. 
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diamictite with a distinctive yellow-ochre 
dolomite matrix (Fig. 4B), often closely 
associated with coarse, gray-weathering angular 
dolomite breccia. Around the basin, thickness of 
diamictite-breccia packages ranges from 0.5-70 
m. The base of the member is defined as the 
transition from dolomite grainstone of the 
uppermost Bakh Formation to diamictite or 
dolomite breccia. At the stratotype locality 
above Bakh Gorge, the Shar Formation is 
approximately 20 m thick, with nearly ten 
meters of angular dolomite breccia overlain by 
the eponymous yellow diamictite (EA1701-2, 
Fig. 5). 

 

Khirvesteg Formation 

Conformably above the diamictite and breccia, 
the base of the Khirvesteg Formation is defined 
by a 1-3 m thick dolomite grainstone containing 
barite fans and sheetcrack cements (Hoffman et 
al., 2011).  The cap carbonate is overlain by thin 
dolomitic marl, mudstone, and carbonaceous 
shale. Although exposures to the south are 
locally only 2-3 m thick, 25 m of marl, shale, 
and dolomite mudstone are found in the 
stratotype section on the ridge above Bakh 
Gorge (EA1701-2, Fig. 5). Note that in Fig. 2, 
the Shar and Khirvesteg Formations are shown 
as a single map unit for visual clarity at the 
presented map scale. 
 

Kheseen Formation 

Ranging from 160-500 m in thickness, the 
Kheseen Formation is separated from the 
Khirvesteg Formation by a prominent erosional 
unconformity. Above this surface, the basal 
Kheseen Formation is composed of interbedded 
black micritic limestone and dolomite 
mudstone, foetid marl and shale, and phosphatic 
and silicified hardgrounds (Fig. 4C). Bedding is 
largely discontinuous along strike, and is often 
truncated by channelization or autoclastic debris 
flows, while thicker carbonate beds contain 
stromatolitic and thrombolitic textures. 
Phosphatic hardgrounds and phosphatic 
grainflows in these strata contain a Doushantuo-

Pertatanka-Type microfossil assemblage, 
described by Anderson et al. (2017; 2019). This 
sequence, referred to in previous works as the 
lower phosphate unit (Ilyin and Ratnikova, 

1981; Ilyin, 1998), is 10-60 m thick, and 
contains the most concentrated phosphate ore 
(average of 22% and up to 34% P2O5; 
Dorjnamjaa and Altanshagai, 2015) in the 
region. This phosphatic unit is capped by 1-5 m 
of massive amorphous black chert. Above this, 
granular phosphorite is present in graded 
allodapic limestone and dolomite grainstone 
(Fig. 4D). This facies forms the majority of 
phosphorite exposure in the Khuvsgul Basin. In 
the Western Khoridol Saridag Range (KSR), the 
Kheseen Formation is capped by a second chert 
bed, whereas in the easternmost KSR it is 
composed of grainstone and coarse 
conglomerate with a large siliciclastic 
component not observed elsewhere in the basin. 
The stratotype section for the Upper Kheseen 
Formation is on the ridge above Bakh Gorge 
(EA1701-2) with reference sections in Arsai 
Gorge (EA1814), which includes an expanded 
upper phosphorite sequence, and in Ongolog 
Gorge (EA1905), which contains conglomerate 
with abundant lithic clasts at the top of the 
formation. All sections are depicted in Fig 5. 
  

Erkhelnuur Formation 

The Erkhelnuur Formation (Zhegallo, 2000) is a 
2 km thick carbonate sequence separated from 
the Kheseen Formation by a hiatal surface, 
observed in the Eastern KSR (EA1905) as a 
disconformable exposure surface, with the base 
of the Erkhelnuur Formation defined as the 
carbonate grainstones overlying this surface. In 
order to simplify structural interpretation and 
lithological differentiation of Erkhelnuur 
Formation carbonates in the field, we propose 
the subdivision of the formation into Lower, 
Middle, and Upper Members, which are 
summarized below. 
 

Lower Member: The Lower Member includes 
repetitive dolomite and dolomitized limestone 
parasequences, composed of laminated 
mudstone and grainstone interbeds, dolomitized 
grainstone beds containing domal stromatolites, 
and allodapic packstone and coarse grainstone 
containing ooids and oncoids. Parasequences are 
commonly capped by horizons of lenticular grey
-black chert. The Lower Member is 250-300 m 
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thick, with a stratotype exposure on a ridge 
above Khirvesteg Gorge (EA1801-2, Fig. 5).   
 

Middle Member: The base of the Middle 
Member of the Erkhelnuur Formation is defined 
by an abrupt transition to parasequences 
dominated by dark grey limestone grainstone 
beds. While the parasequences include 
stromatolitic mudstone and dolo-rhythmite, this 
transition is visible both in the field and on 
satellite imagery, where limestone-dominated 
parasequences appear as a dark blue-gray band. 
In most sections, bed-penetrating ichnofossils 
appear 20-50 m above the base of the Middle 
Member, consisting of irregular 1-2 cm 
diameter tubes. The density of bioturbation 
increases up-section to the point of obfuscating 
primary bedding features (Fig. 4E). 
Approximately 300 m above the base of the 
Middle Member, archaeocyathid reefs and hash 
can be observed in bioturbation-free zones (Fig. 
4F), constraining the strata to a window of the 
early Cambrian between the Tommotian and 
Toyonian Stages (~525-511 Ma, or mid-

Terreneuvian Age 2 to Cambrian Series 2, Age 
4; Peng et al., 2020). The Middle Member of the 
Erkhelnuur Formation ranges from 600-800 m 
thick, and is best exposed in sections EA1801-

1802 (see Fig. 5) on the ridges above Khirvesteg 
Gorge.  
 

Upper Member: The base of the Upper Member 
of the Erkhelnuur Formation is demarcated by a 
sequence of >50 m thick white- to cream-

colored dolomite grainstone beds. Although the 
white beds locally preserve laminated 
grainstone and rhythmite, in most exposures, 
primary bedding features are obliterated by 
recrystallization. Like the dark beds at the base 
of the Middle Member, the basal white dolomite 
of the Upper Member forms a reliable marker 
bed that is easily visible in the field and satellite 
imagery. Above the white dolomite, grey 
dolomite and limestone laminite-grainstone-

grainflow parasequences continue, with 
ichnofossils present in fine grainstone beds. Up-

section, coarser-grained grainstone and 
grainflows incorporate terrigenous lithic 
fragments, which increase in frequency and size 
toward the top of the section. The Upper 

Member is 500-600 m thick; the base of the 
Member is best exposed in EA1825, while the 
uppermost grainflows are prominently exposed 
in section EA1820 (Fig. 5).  
  

Ukhaatolgoi Formation 

The >350 m thick Ukhaatolgoi Formation 
conformably overlies the Erkhelnuur Formation 
and is composed of siliciclastic rocks dominated 
by greywacke with minor siltstone, sandstone, 
and conglomerate. Carbonate parasequences of 
the uppermost Erkhelnuur Formation contain  
allochems that are gradationally succeeded by 
greywacke of the basal Ukhaatolgoi Formation. 
Previously referred to as the Ukhutologoy  
Formation (Zhegallo et al., 2000; Demidenko et 
al., 2003) and excluded from the Khuvsgul 
Group,  the Ukhaatolgoi Formation is dominated 
by green greywacke, with rare granule to pebble 
lithic clasts, angular quartz and plagioclase 
grains, and carbonate fragments in a green 
siltstone matrix. The base of the formation is 
best documented in section EA1820, and the 
formation is best exposed at the cores of 
synclines in upper Arsai Gorge. Note that we do 
not include the formalization of this Formation 
in Table 1, as this nomenclature has been 
applied to these rocks by previous workers 
(Dorjnamjaa et al., 2015). 

 

DISCUSSION 

While the stratigraphic divisions outlined above 
are largely based on lithological characteristics 
that can be easily differentiated in the field by 
future workers, our stratigraphic framework is 
also reflective of significant changes in 
paleoenvironment and paleoclimate that 
occurred during the deposition of the Khuvsgul 
Group. For example, the Ongolog, Bakh, Shar, 
and Khirvesteg formations can be correlated 
with the Sturtian glaciation, Cryogenian non-

glacial interlude, Marinoan Glaciation,  and 
basal Ediacaran transgression respectively, with 
diamictites associated with both glaciations 
separated by a platformal carbonate sequence 
(Macdonald and Jones, 2011).  A glaciogenic 
origin for the Ongolog Formatiton is established 
via the observation of exotic clasts in matrix-

supported diamictite, as well as striated and 
faceted clasts (Osokin and Tyzhinov, 1998). 
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Typically exhibiting sheetcrack cements and 
crystal fans, the basal carbonate of the 
Khirvesteg Formation is interpreted as a cap 
carbonate sequence (Hoffman et al., 2011), 
coupled with the underlying diamictite of the 
Shar Formation. Additionally, these units can be 
correlated with Cryogenian and Ediacaran 
successions on the Zavkhan Terrane in 
southwest Mongolia (Macdonald and Jones, 
2011; Bold et al., 2016b).  
Bound above and below by unconformities, the 
newly-defined Kheseen Formation records a 
depositional environment that resulted in the 
precipitation and eventual reworking of the 
Kheseen phosphorites, which may be condensed 
equivalents of the phosphatic shales of the Zuun 
Arts Formation on the Zavkhan Terrane 
(Macdonald and Jones, 2011). The lower units 
of the Kheseen Formation record precipitation 
of primary phosphatic material in a very 
shallow, energetic depozone, whereas 
phosphatic material in the upper parts of the 
formation has been redeposited in carbonate 
grainstones (Fig. 5). Importantly, the newly 
defined lower bound of the Kheseen Formation 
isolates the phosphatic strata from the 
underlying Khirvesteg and Shar formations, 
highlighting the lack of a previously-postulated 
genetic relationship between the Marinoan 
glaciation and phosphogenesis (Osokin and 
Tyzhinov, 1998). Furthermore, the 
disconformable exposure surface at the top of 
the formation separates the Kheseen Formation 
in time from the nearly 2 km of overlying 
Erkhelnuur Formation carbonates, introducing 
the possibility that the Kheseen and Erkhelnuur 
formations were accommodated by distinct 
basin-forming events. Additional petrographic, 
geochronological and chemostratigraphic data 
are necessary to better constrain the ages and 
depositional environments of the Kheseen 
phosphorites and Khuvsgul Group strata as a 
whole. The stratigraphic framework presented 
here provides a necessary foundation for future 
work in the Khuvsgul region.  
 

CONCLUSIONS 

A new stratigraphic framework for the 
Khuvsgul Group divides strata spanning nearly 
200 My of Earth history into seven formations. 

Cryogenian strata are divided into the Ongolog, 
Bakh, Shar, and Khirvesteg formations, 
discretizing units associated with the Sturtian 
glaciation, Cryogenian non-glacial interlude, 
Marinoan Glaciation, and basal Ediacaran 
transgression respectively. Phosphatic strata, 
bounded above and below by depositional 
hiatuses, are included in the newly defined 
Kheseen Formation. In order to streamline 
mapping and correlation, the Erkhelnuur 
Formation is divided into Lower, Middle, and 
Upper Members, while the overlying siliciclastic 
sequences are discretized as the Ukhaatolgoi 
Formation.  
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