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ABSTRACT 

 
 

The Hangay Dome of central Mongolia is a complicated and poorly understood major 

intracontinental feature. The timing, rate, and extent of uplift of the Hangay Dome remain key 

questions within the geologic community. The use of stable-isotope paleoaltimetry can provide 

baseline for constraining timing of the surface uplift of the Hangay Dome. Stable-isotope 

analysis requires the sampling of appropriate rock facies and establishing the local, regional, and 

tectonic framework for sampling sites. In order to provide a geologic framework of basins where 

samples were taken for isotopic analysis, sedimentological and provenance analysis of 

nonmarine sandstones from intermontane basins flanking the Hangay Dome was conducted. Late 

Cretaceous and Cenozoic strata were observed and sampled from the Naran Bulog Formation 

and Begger Noor Basin in south-southwestern Mongolia. Sedimentological analysis suggests 

deposition occurred in multiple depositional systems during the Late Cretaceous and Cenozoic at 

each field site, including: fluvio-related eolian systems, alluvial fan/proximal braided stream 

systems, sandy bed-load systems, low-energy fluvial plain systems, oxygenated lacustrine 

systems, and meandering fluvial systems. Provenance analysis suggested that localized 

topographic variations played a dominant role in the sources of sediments and basin types 

formed at each field area during the Late Cretaceous and Cenozoic. It is believed that Late 

Cretaceous and Cenozoic deposition of uplifted continental basement sourced sediment took 

place in proximal, possibly strike-slip style, basins located at each field area; this is based on 

sandstone provenance and lack of evidence supporting extensional basin formation at the field 

sites. 



 

1 
 
 

 
INTRODUCTION 

 
 

The Hangay Dome of central Mongolia represents a unique intracontinental tectonic 

environment. It occupies a broad domal plateau in a transitional setting between compressional 

deformation accommodated by major left-lateral strike-slip fault zones associated with the 

central Asian diffuse-deformation field to the south and major transpressional deformation of the 

Baikal and Hovsgol Rift Zones to the north (Calais et al, 2003). Topographic highs in 

intracontinental settings have major impacts on the geologic record by influencing drainage 

networks and sediment supply, climate by affecting atmospheric circulation, and the evolution of 

ecosystems and organisms through regional climate change and population isolation. However, 

the origins of intracontinental domal highlands such as the Hangay Dome remains equivocal. 

Recently, extensive research has been conducted in central Mongolia to understand and reconcile 

conflicting explanations of the processes associated with intracontinental domal highlands.  

 During the summer of 2012, a study of exposures of Late Cenozoic and Tertiary strata in 

the Valley of Lakes and Trans-Altai Gobi was conducted by Jeremy Caves and Hari Mix 

(Stanford University) and Jobe Traywick and Dr Derek Sjostrom (Rocky Mountain College). 

The primary goal of the study is to attempt to constrain the timing, rate, and distribution of uplift 

of the Hangay Dome. The original goal of the project was an attempt to use stable-isotope 

paleoaltimetry as an independent means to constrain timing of surface uplift in central Mongolia. 

The 2011 and 2012 field parties sampled paleosols, caliches’, iron oxides, and carbonate bearing 

fluvial and lacustrine rocks from in and around each field site hoping to reconstruct past isotopic 

values of surface waters using delta 18O, delta D, and delta 13C values.  
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Analyzing sedimentary sequences provides insight into changes in depositional 

environments while provenance analysis allows for the interpretation of source terrains, tectonic 

setting, type of depositional basins, and the nature of sedimentary processes within depositional 

basins (Dickenson and Suczek, 1979). The goal of this research was to establish an accurate 

sedimentologic framework for the intramontane basins located at each field site using 

sedimentology and provenance analysis. 
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GEOLOGIC HISTORY AND PREVIOUS WORK 

 
 

Central Asia 

The northern extent of the central Asian diffuse-deformation field along the southern 

border of the Hangay dome is made up of a diverse assemblage of tectonic elements. The 

basement rocks consist of a vast accretionary complex, the Altaids, that formed the area of 

central Asia located between the Hangay Microcraton, and the Tarim and North China Cratons 

(Heumann et al, 2012; Hendrix et al, 1996; Cunningham, 2001; Johnson et al, 2007). The 

Paleozoic Altaids are a tectonic collage of successive generations of accreted arc terrains, island 

arcs, subduction complexes, and ophiolites that were sutured onto the Hangay Microcraton and 

intruded by Late Paleozoic and Mesozoic granitic plutons (Heumann et al, 2012; Hendrix et al, 

1996). The growth of the Altaids culminated with the ocean basin collapse of the paleo-Asian 

Ocean between the Early Permian and Late Permian/Early Triassic, which formed the Tien Shan-

Yin Shan Suture connecting the southern Altaids with the Precambrian continental blocks of the 

North China and Tarim Cratons (Figure 1) (Heumann et al, 2012; Hendrix et al, 1996). The total 

extent of the Tien Shan-Yin Shan Suture extends ~3000 km from western China to the Korean 

Peninsula (Hendrix et al, 1996). Towards the end of the Permian, the main marine deposition 

center migrated east until terminal basin closure was reached (Heumann et al, 2012; Hendrix et 

al, 1996) 

Central and southern Asia continued to grow as numerous accreted arc terrains along 

with the South China and Quintang blocks were sutured onto the southern borders of the Tarim 
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Figure 1-Modified from Hendrix et al (1996): Simplified tectonic map of northern China 
and Mongolia showing orientation of Paleozoic accreted terrains. 

 

 

Figure 2- Modified from Hendrix et al (1996): Simplified tectonic map of Asia showing 
orientation of Paleozoic and Mesozoic accreted arc terrains. 
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and North China Cratons during successive periods of ocean basin closure (Figure 2) (Hendrix et 

al, 1996). These successive accretionary events propagated deformation northward, mainly 

during the Triassic-Jurassic Cimmeride Orogeny, resulting in the formation and reactivation of 

major thrust complexes and foreland basins running parallel to tectonic strike across central Asia  

(Hendrix et al, 1996; Tapponnier and Molnar, 1979; Johnson et al, 2007). These foreland basins 

provided the majority of accommodation space for syntectonic sediment deposition in southern 

Mongolia and north-northwestern China during the Mesozoic (Hendrix et al, 1996; Sjostrom et 

al, 2001; Johnson et al, 2007).  

Many of these basins display deformed Permian to Early Jurassic strata unconformably 

overlain by Late Jurassic-early Cretaceous nonmarine strata (Hendrix et al, 1996; Graham et al, 

1993; Johnson et al, 2007). This is especially evident across much of southern Mongolia, which 

displays regional unconformities between Middle and Upper Jurassic/Lower Cretaceous Strata 

(Hendrix et al, 1996). ). In several localities across southern Mongolia, such as the Nolon Uul 

syncline, Proterozoic basement rocks are thrust over Middle Jurassic nonmarine strata, 

which are unconformably overlain by undeformed Cretaceous nonmarine strata. This 

suggests that the collisional orogenic event in southern Mongolia associated with the 

Cimmeride Orogeny ceased by the Late Jurassic-Early Cretaceous (Hendrix et al., 1996). 

 Apatite Fission Track analysis of plateau surfaces in the Gobi-Altai and Altay Mountains 

along with basement rocks of their piedmont, the Valley of Lakes, suggest that Proterozoic-

Paleozoic basement of central and western Mongolia underwent near simultaneous rapid 

exhumation period beginning in the early Jurassic (Jolivet et al, 2007). The Gobi-Altai and Altay 

samples reached depths of ~2 km by ~180 Ma, while the Valley of Lakes samples reached that 

depth, ~150 Ma (Jolivet et al, 2007). Jolivet et al (2007) suggests that sedimentation sourced 
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from surrounding topographic highs may have been concentrated in the Valley of Lakes during 

this exhumation period, keeping the basement rocks below more than 2 km of sediment until 

~150 Ma. Following this period of rapid exhumation, there was a prolonged period of relative 

tectonic stability from the Late Jurassic to the Eocene-Oligocene in central Asia, which Jolivet et 

al (2007) suggest resulted in the formation of a peneplain extending across northwestern 

Mongolia, western and central China, and down to the northern edge of the Tibetan Plateau. 

This period of relative tectonic stability in central Asia ended with the India-Asia collision 

between the Eocene and Miocene that propagated deformation northwards, resulting in the uplift 

of the Tibetan plateau and reactivation of the central Asian diffuse-deformation field (Jolivet et 

al 2007; Jolivet et al, 2001; Cunningham, 2005; Tapponnier and Molnar, 1979).  

The reactivation of the central Asian diffuse-deformation field resulted in the 

development of multiple intracontinental transpressional orogens along dominantly left-lateral, 

right-stepping, strike-slip fault zones between the Tibetan plateau and the Hangay Dome 

(Cunningham, 2005, Cunningham et al, 1996). The orientation of the strike-slip fault systems 

within the central Asian diffuse-deformation field are believed to be dominantly controlled by 

inherited lithospheric structures, the orientation of maximum horizontal stress direction from the 

India-Asia collision, and the orientation of craton boundaries acting as active (India Craton) and 

passive (Hangay Microcraton) indentors, allowing the mechanically weaker accretionary belts of 

the  central  Asian  diffuse  deformation  field  to  flow  around  the  Hangay  Microcraton’s  western  and  

southern boundaries (Webb and Johnson, 2006; Cunningham, 2005; Cobbold and Davy, 1988). 

This also accounts for the relative plate motions observed around the Hangay dome and central 

Asia (Figures 3 & 4) (Calais et al, 2003). 
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Figure 3- Modified from Calais et al (2003): GPS derived relative plate motion velocities 
and directions with respect to Eurasia. 

Hangay Dome  

The Hangay Dome is an elevated dome/mountainous area covering ~200,000 km^2 with 

multiple peaks between 3500 and 4000 meters and regional elevations averaging ~1.5 km higher 

then surrounding topography (Cunningham, 2001; Barry et al, 2003; Tiberi et al, 2008). The 

Hangay Dome is the southern and western extent of the Mongolian Plateau, separated from 

doming in the Khentey Upland in northeastern Mongolia by the Selenga River System 

(Cunningham, 2001).  The basement of the Hangay Dome consists of a Late Achaean to Early 

Proterozoic  “microcraton”  that  consists  of  tonalitic  gneisses,  potassic  granitoids,  migmatites,  and  

high-grade schist and gneisses (Cunningham, 2001). In the southern region of the Hangay Dome 

the Late Achaean/Early Proterozoic microcraton is overlain by Cambrian-Devonian sedimentary  



 

8 
 
 

 

Figure 4- Modified from Calais et al (2003): GPS derived plate velocities with respect to 
Eurasia. Shows relative plate motions around the Hangay Dome. 

 
deposits deformed by a Permian fold and thrust belt, which formed during the ocean basin 

closure associated with the amalgamation of the North China and Tarim Cratons (Cunningham, 

2001; Heumann et al, 2012). The southern border of the Hangay microcraton is a suture zone that 

separates the Hangay block from mechanically weaker accreted arc terrains underlying the 

Central Asian diffuse deformation field (Cunningham, 2001; Barry et al, 2003, Heumann et al, 

2012, Hendrix et al, 1996). The Hangay Dome is capped by flat-topped summits of a paleo-

erosional   surface   (Cunningham,   2001).   Estimates   of   the   age   of   this   “peneplained”   surface   are  

between Cretaceous and Paleogene based on field observations of overlying Oligocene and 

younger sedimentary and volcanic deposits (Cunningham, 2001; Barry et al, 2003). The Hangay 

paleo-erosional surface may be associated with the same period of tectonic stability, and possible 
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peneplain development, during late Jurassic/early Cretaceous to Eocene/Oligocene suggested by 

Jolivet et al (2007).  

Previous work suggests that tilted Cenozoic sedimentary and volcanic deposits constrain 

timing of uplift of the Hangay Dome from the Middle Oligocene to Holocene (Cunningham, 

2001; Barry et al, 2003). During the last 30 Ma, basalt flows shifted from plateau-forming 

eruptions to dominantly valley lava flows by 3 Ma, as doming increased topographic variation 

and river incision of the Hangay region (Yarmolyuk et al, 2008). Alluvial basins bounded by 

normal faults on the southern region of the dome contain Neogene to Quaternary alluvium 

(Cunningham, 2001). These alluvial basins provide only minor accommodation space for late 

Cenozoic sedimentation. Cunningham (2001) reports that the majority of sediment derived from 

the Hangay Dome has been deposited in the Valley of Lakes since the Mid-Oligocene, offering 

further evidence that uplift of the Hangay region began in the Late Paleogene.  

The initiation of uplift of the Hangay Dome corresponds with timing of the India-Asia 

collision between Eocene and Miocene (Jolivet et al 2007; Jolivet et al, 2001; Cunningham, 

2005; Tapponnier and Molnar, 1979). Extension of the Baikal Rift Zone north of the Hangay 

Dome and transpressional mountain building (Altai and Gobi-Altai) to the south were also 

initiated during the Oligocene (Logatchev and Zorin, 1992; Cunningham, 2005; Cunningham et 

al, 1996), suggesting a kinematic link between the India-Asian collision, the central Asian 

diffuse deformation zone, the Hangay Dome, and Baikal and Hovsgol Rift Zones. Although 

timing of uplift and faulting seem to correspond with compressional forces propagated from the 

India-Asia collision, it has been suggested that normal faulting within the Hangay Dome is a 

result of domal uplift and not strain resulting from the India-Asia collision (Cunningham, 2001). 
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Sedimentology: Southern and Western Mongolia  

In general, late Paleozoic to Mesozoic sedimentary strata in south-southwestern 

Mongolia consists of nonmarine meandering-fluvial, braided stream, flood-plain, delta-plain, and 

lacustrine facies associated with the Tien-Shan/Altaid and Cimmeride Orogenies (Johnson et al, 

2007; Hendrix et al, 1996; Sjostrom et al, 2001).  

In many locations in southern Mongolia, Permian Strata is in thrust contact or 

unconformably overlies (moving west to east) Devonian, Carboniferous, or Lower Permian 

interbedded marine and volcanic deposits that show arc-related geochemical signatures (Johnson 

et al, 2007). Permian strata broadly consists of interbedded sandstone, mudstone, siltstone, 

conglomerates, and volcanic deposits that coarsen upwards into planar and trough cross-bedded 

sandstone, siltstone, pebble to cobble conglomerates, and light-colored mudstones by the Upper 

Permian-Triassic (Johnson et al, 2007; Hendrix et al, 1996). Permian strata of southern Mongolia 

appear to represent a general trend towards higher energy deposition. Meandering fluvial, 

interdistributary, crevasse splay, and possible delta-plane facies transition to braided-stream 

facies by the Triassic, which may be a result of the developing collisional orogen and migration 

of the paleo-Asian  Ocean’s  marine   depocenter   east   during   the   Permian   in   southern  Mongolia  

(Johnson et al, 2007; Hendrix et al, 1996). Deposition of high-energy Triassic braided stream 

strata most likely occurred in foreland basins associated with thrust complexes that were 

propagated northward during the continued amalgamation of central and southern Asia (Johnson 

et al, 2007; Hendrix et al, 1996; Jolivet et al, 2007). Middle to Upper Triassic high energy 

braided stream deposits in southern Mongolia transition to lower energy meandering fluvial and 

lacustrine facies by the Late Triassic-Early Jurassic, which are unconformably overlain by Late 

Jurassic-Early Cretaceous strata (Hendrix et al, 1996; Johnson et al, 2007).  
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Middle to Late Permian low-energy deposits contains reworked terrestrial organic matter, 

petrified logs and wood stumps, coal, carbonate nodules, siderite nodules, and minor paleosols 

that are rare or completely absent in the higher-energy deposits of the Triassic, suggesting a 

climatic shift from a humid to an arid environment in Southern Mongolia between the Permian 

and Triassic (Johnson et al, 2007; Hendrix et al, 1996). Johnson et al (2007), citing Retallack et 

al (1996) and Berner (2002), noted that the  “aridification”  of  southern  Mongolia  may  correlate  to  

overall global warming trends around the Permian-Triassic boundary, but also suggests regional 

orogenic uplift associated with the paleo-Asian Ocean basin closure could have had a dramatic 

affect on climate in the region.  

Provenance analysis of non-marine sandstones from the Noyon Uul Syncline in southern 

Mongolia, displayed dominantly lithic and volcanic rich compositions (Hendrix et al, 1996). 

From the Permian to late Triassic, the concentration of lithics and volcanic fragments diminishes 

while abundant amounts of Potassium feldspar begin to appear in Triassic sandstones. Also, 

moving upsection there is an increase in pink alkalic granite clasts found in conglomerates and a 

decrease in volcanic clasts. These compositional transitions suggest the sediment was sourced 

from erosional unroofing of Carboniferous volcanic terrains underpinned by alkalic granites, 

most likely from the extinct Paleozoic magmatic arc in southern Mongolia (Hendrix et al, 1996; 

Lawton, 1986). Provenance analysis of Permian sandstones from six localities across southern 

Mongolia have signatures that represent a similar transition from undissected-dissected arc to 

recycled  orogen  provenance,  suggesting  “unroofing”  of  Devonian  to  Carboniferous  accreted  arc  

terrains of the Paleozoic Altaids was the main source of sedimentation in southern Mongolia 

during the Late Paleozoic-Early Triassic (Johnson et al, 2007).  
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Mesozoic foreland basin style depositional environments have been interpreted to extend 

into western Mongolia following the modern orientations of the Altai Mountains and Valley of 

Lakes (Sjostrom et al, 2001). Sedimentological data from the Western extent of the Valley of 

Lakes suggests Early to Late Jurassic and localized Lower Cretaceous sedimentology 

unconformably overlain by Cenozoic strata (Sjostrom et al, 2001). The gap in timing between 

Tian-Shan/Altaid Orogeny (Late Permian) and the Crimmeride Orogeny (Late Triassic-Early 

Jurassic) may have resulted in an erosion dominated environments during the Late Triassic (in 

western Mongolia) and Jurassic (in southern Mongolia). Periods dominated by erosional 

processes between the Tian-Shan/Altaid and Crimmeride Orogenies could account for the 

unconformities between Paleozoic volcanic rocks and Jurassic strata in western Mongolia and 

between the Upper Triassic-Lower Jurassic strata and Upper Jurassic-Early Cretaceous strata in 

southern Mongolia (Hendrix et al, 1996). 

Sjostrom et al (2001) report that (with the one exception of strata from the Ihkes Nuur 

suite at Dariv) strata from western Mongolia displays transitions from higher-energy to lower-

energy depositional environments. Lower-Middle Jurassic strata have a generally fining upward 

trend moving from dominantly interbedded boulder-pebble conglomerate and sandstone to 

increasingly finer sandstone interbedded with siltstone, mudstone, and coal that contain 

increasing organic material: petrified wood, leaf imprints, and root clasts (Sjostrom et al, 2001). 

Sjostrom et al (2001) interpreted these as representing transitional depositional environments 

from braided stream, possibly proximal alluvial fan deposition based on matrix supported 

conglomerates, to meandering-fluvial by Early to Mid-Jurassic. By the end of the Jurassic 

(Lower Cretaceous at Dariv), erosion had become the dominant force across much of western 

Mongolia accounting for the lack of Late Mesozoic to Neogene strata (Sjostrom et al, 2001).  



 

13 
 
 

Lower to Middle Jurassic strata at Dariv consists of interbedded sandstone, siltstone, and 

mudstone with upward fining sequences and carbonate and petrified wood present in silt and 

mudstone (Sjostrom et al, 2001). The Upper Jurassic strata consists of interbedded medium to 

coarse sandstone, sandy siltstone, red siltstone, and mudstone that fines upward and is capped by 

two micrite horizons that are conformably overlain by a sharp angular-clast conglomerate dated 

as the Upper Jurassic (Sjostrom et al, 2001). Upper Jurassic angular conglomerates grade into 

Upper Jurassic- Lower Cretaceous interbedded red siltstone, shale, angular conglomerate, and 

sandstone that contains one distinct, laminated shale with fish, ostracod, and insect fossils 

(Sjostrom et al, 2001). The Upper Jurassic-Lower Cretaceous strata is conformably overlain by 

Lower Cretaceous light grey to yellow siltstone and mudstone interbedded with sandstone 

(Sjostrom et al, 2001).  

The western most locality, Dariv, observed by Sjostrom et al (2001) suggested 

depositional environment more similar to Upper Triassic to possibly Lower Jurassic strata 

present in the Noyon Uul syncline further east in southern Mongolia (Hendrix et al, 1996). In the 

Lower to Middle Jurassic, depositional environments at Dariv transitioned from meandering-

fluvial to a more sandy-load dominated fluvial system to flood-plain/mudflat deposition on a 

broad alluvial plain by the Upper Jurassic (Sjostrom et al, 2001). During the Upper-most Jurassic 

there was a relatively quick shift to a proximal braided river system or alluvial fan that changed 

to dominantly oxygenated lacustrine/playa lake deposition with interbedded small delta 

complexes and occasional deeper water anoxic deposits (Sjostrom et al, 2001).   

Sjostrom et al (2001) suggested, based on stratigraphic facies, paleo-current indicators 

(trending generally along same path as the modern Valley of Lakes), and Sm-Nd isotopic 

analysis (suggesting a continuous basin across western Mongolia), that from the Lower to Upper 
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Jurassic deposition in western Mongolia occurred along a semi-continuous, foreland basin 

bounded by thrust faulting to the south-south   west   and   flexural   uplift   of   the   “paleo-Hangay 

Plateau”  to  the  Northeast.  With the exception of Dariv, relative topographic relief seems to have 

decreased through out the Jurassic in western Mongolia (Sjostrom et al, 2001).  

Triassic-Jurassic strata from basins across western and southern Mongolia display similar 

characteristics consistent with foreland style deposition (Sjostrom et al, 2001, Hendrix et al, 

1996; Johnson et al, 2007). Basins display generally similar traits but are unique in the relative 

timings and locations of specific facies. Western and southern Mongolia may have shared broad, 

regional similarities on a plate boundary scale but ultimately deposition and erosion of individual 

sedimentary facies was most likely controlled by localized factors. The most notable example is 

the Jurassic to Lower Cretaceous strata located at Dariv that suggests localized late Jurassic-

Early Cretaceous tectonic activity created topographic highs (Sjostrom et al, 2001). Sjostrom et 

al (2001) suggests possible strike-slip partitioning while Howard et al (2006) suggests Mesozoic 

inverted normal faulting for the development of localized Upper Jurassic relief at Dariv. 

The Cretaceous in southern Mongolia appears to have been dominated by discontinuous 

sedimentation in transitioning fluvial, lacustrine, and eolian dune environments (Hasegawa et al, 

2009; Jerzykiwewicz and Russell, 1990; Dashzeveg et al, 2005; Seike et al, 2010; Loope and 

Dingus, 1999; Samoilov et al, 2001; Khand et al, 2000). Lower to Mid Cretaceous depositional 

environments of southern Mongolia are represented in the Tevish (Undurukhin) Formation 

exposed on north facing slopes of Altai Mountains and the Ondai Sayr (Andakhuduk) and 

Khulsyngol (Dushilin) Formations both exposed in the Northern Gobi and the southern Hangay, 

Altai, and Gobi-Altai Mountains (Jerzykiewicz and Russell, 1991). Mid to Upper Cretaceous 

sedimentation in southern Mongolia is represented in Djadokhta Formation located in the Ulan 
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Nuur Basin and eastern Nemegt Basin at Ukhaa Tolgod, the Barun Goyot and Nemegt 

Formations located in the Nemegt Basin, and the Bayanshiree Formation exposed in the 

Shiregiin Gashuun Basin but dominantly located in south eastern Mongolia (Hasegawa et al, 

2009; Loope et al, 1998; Loope et al, 1999; Dingus et al, 2008; Jerzykiewicz and Russell, 1991; 

Khand et al, 2000; Samoilov et al, 2001; Dashzeveg et al, 2005).  

Interpretations of stratigraphic correlations between Cretaceous formations across 

southern Mongolia suggest there were three distinct regional transitions in depositional and 

climatic environments during the Cretaceous (Jerzykiewicz and Russell et al, 1991; Hasegawa et 

al, 2009). The Lower Cretaceous was dominated by a relatively humid environment and braided 

fluvial, flood plain, and lacustrine deposition that transitioned into a period marked by extensive 

lacustrine deposition in large, perennial lakes (Jerzykiewicz and Russell et al, 1991; Hasegawa et 

al, 2009). By the Mid Cretaceous depositional environments consisted of large fluvial plains and 

smaller lacustrine environments that gradually transition to increasingly arid depositional 

environments. Mid Cretaceous fluvial plain and seasonal lake deposits eventually transitioned to 

semi-arid desert, eolian dominant, dune with ephemeral stream and pond deposits by the Upper 

Cretaceous (Jerzykiewicz and Russell, 1991; Hasegawa et al, 2009; Samoilov et al, 2001). Upper 

Cretaceous eolian dune and ephemeral stream and pond deposits are documented by many 

authors: Hasegawa et al (2009), Jerzykiwewicz and Russell (1990), Dashzeveg et al (2005), 

Seike et al (2010), Loope and Dingus (1999), and Samoilov et al (2001). Jerzykiwewicz and 

Russell (1991) suggest there was a shift back to relatively humid environments across southern 

Mongolia by the Upper-most Cretaceous based on the return of meandering stream facies in the 

stratigraphic record. A transition back to humid conditions is supported by increases in lacustrine 

facies and paleosols present in Maastrichtian strata from the Nemegt Formation (Samoilov et al, 
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2001). Hasegawa et al (2009) proposed a transition from arid desert to a semi-arid steppe 

environment in the Ulan Buur Basin by the Upper-most Cretaceous, marked by structureless 

sandstone, paleosols, and large sized burrows. 

Much like Triassic and Jurassic deposition, Cretaceous strata across southern Mongolia, 

while sharing general characteristics related to the regional intracontinental environment, were 

most likely heavily influenced by local topography and climate that affected varied timing of 

deposition and erosion at each locality. Environmental differences in time and space between 

different localities most likely resulted in the discontinuous deposition of Cretaceous formations 

across southern Mongolia (Jerzykiewicz and Russell, 1991). Jerzykiewicz and Russell (1991) 

attributed the partitioning of Cretaceous deposits to regional syndepositional block faulting and 

localized climatic variations. 

Even though the sedimentology was most likely heavily influenced by regional 

topography and morphologies, there are broad similar characteristics that could be inferred to 

loosely tie into the overall geologic history of western and southern Mongolia during the 

Mesozoic: 

 The development of thrust complexes that formed the semi-continuous Mesozoic 
foreland style basins of southern and western Mongolia resulted from the Tian-
Shan/Altaid collisional orogeny (Permian) and the Crimmeride collisional orogeny 
(Triassic-Jurassic) that propagated deformation north through central Asia (Hendrix et al, 
1996; Johnson et al, 2007; Jolivet et al, 2007).  
 

 The end of the Tian-Shan/Altaid Orogeny, Permian (Hendrix et al, 1996), resulted in a 
period of relative tectonic stability that caused a shift to erosion dominated processes in 
much of western and southern Mongolia. Accounting for unconformities between 
Paleozoic volcanic rocks and Jurassic strata in western Mongolia and between the Upper 
Triassic-Lower Jurassic strata and Upper Jurassic-Early Cretaceous strata in southern 
Mongolia (Hendrix et al, 1996). 
 

 The end of the Crimmeride Orogeny, Middle to Upper Jurassic (Hendrix et al, 1996), 
resulted in erosion dominated processes in western Mongolia and migrating erosional and 
depositional centers across southern Mongolia by the Middle Cretaceous. Accounting for 



 

17 
 
 

the lack of Upper Cretaceous-Early Cenozoic strata in western and central Mongolia and 
discontinuous Upper-Cretaceous-Early Cenozoic strata in southern Mongolia (Khand et 
al, 2000; Sjostrom et al, 2001; Hendrix et al, 1996; Cunningham, 2001; Jolivet et al, 
2007; Sjostrom et al, 1997; Jerzykiewicz and Russell, 1990; Hasegawa et al, 2009).  
 

 The end of the Crimmeride Orogeny may have resulted in a period of tectonic stability 
associated with the peneplain environment theory suggested by Jolivet et al, 2007. 
 

 A period of relative tectonic inactivity and erosion dominated forces could account for 
the presence of: Jurassic erosional surfaces on flat summits of the Altai and Gobi Altai 
(Jolivet et al, 2007), the unconformities between Upper Jurassic-Lower Cretaceous and 
Cenozoic strata in western Mongolia (Sjostrom et al, 2001), and the unconformity 
between Cretaceous erosional surface and Oligocene strata of the Hangay Dome 
(Cunningham, 2001). 
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SEDIMENTOLOGIC FRAMEWORK 

 
 

Naran Bulog 

 The Naran Bulog field site is located in the Trans-Altai Gobi in the western extent of the 

Nemegt Basin. Upper Cretaceous strata of the Nemegt Formation are unconformably overlain by 

Late Paleocene strata of the Naran Bulog Formation, which is reported to be absent of Danian 

Deposits (Samoilov et al, 2001; Jerzykiewicz and Russell, 1991; Gradzinski et al, 1969). 

Gradzinski et al (1969) subdivided Paleocene strata of the Naran Bulog Formation into four 

separate series: the Pink Beds (conglomerates containing limestone clasts and medium to coarse 

grained sandstone both calcite cemented), the Lower Red Beds (red sands and mudstones with 

calcareous concretions in an upper horizon), the White Beds (conglomerates, sandstones, 

siltstones, caliches, and mudstones showing prominent trough cross-bedding), and the Upper Red 

Beds (red, sparse sandy mudstone). Lower Eocene strata has been reported to overlie the Upper 

Red Beds of the Naran Bulog Formation to the north west of the Naran Bulog location at 

Tsagan-Khushu (Dashzeveg, 1988; Gradzinski et al, 1969). However, interpreted Eocene 

deposits located during field observations of Tsagan-Khushu area could not be confirmed with 

any confidence because they were not observed in direct contact with Upper Paleocene strata 

viewed at Naran Bulog.  

 
Methodology  

A general reconnaissance of the field area was done attempting to identify each 

Paleocene   series   based   on   Gradzinski   et   al’s   (1969)   stratigraphic   descriptions.   After   locating  

each series, a measured section containing each Paleocene series was conducted. Observations of 

each Paleocene series and underlying Cretaceous strata were made including: grainsize, 
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coloration, sorting, sedimentary structures, trace fossils, intraclasts, and possible depositional 

environment. Samples were taken for provenance analysis from Upper Cretaceous and each 

Paleocene series, with exception of the Pink Beds, which were too altered for provenance 

analysis.  

The stratagraphic section of Paleocene strata (Figure 5 & 6) was measured beginning 

with the Pink and Lower Red Beds located adjacent to the Naran Gol Sayr stream bed, North of 

the Southern Sphinx  described  by  Gradzinski  et  al  (1969)  (N43  28’20.4”  E100  26’47.3”).  Using  

the coarse grained conglomerate at the bottom of the White Beds as a marker, the location was 

moved to Viper Ravine adjacent the Northern Sphinx were the contact between the lower Red 

Beds and White Beds was determined and the measured section of the White Beds and Upper 

Red Beds was completed (N 43.47144 E 100.45391). A small section of Eocene(?) deposits was 

measured along the northern border of the Depression connected to the White Sayr south west of 

the   Tsagan  Khushu  Ridge   (N43   27’36”   E100   23’20”).   However,   an   obvious   contact   between  

Upper Paleocene and the possible Eocene strata could not be established. 

 
Field Observations 

 The Upper Cretaceous strata observed in the Naran Gol Sayr stream bed consist of 

Interbedded pebble conglomerate and coarse, medium, and fine grained sandstone. The layer 

contained decimeter scale trough cross-bedding, ripple cross lamination, clay intraclasts, and 

possible opalization. Sample NB-A was taken from the upper most Cretaceous pebble 

conglomerate/coarse grained sandstone. Strata sampled were well-cemented and cross-bedded 

(See Photo 1). 

The Paleocene Pink Beds consisted of pink fine sand with some large clasts up to 5mm. 

Bedding was massive, contained possible trace fossils of burrows, and was heavily opalized. It 
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was determined that the Pink Beds were too altered to be useful for provenance. The Pink beds 

appear to unconformably overlie Upper Cretaceous strata (Figure 5)(Photo 2).  

The Paleocene Lower Red beds consisted of medium grained, poorly cemented massive 

red sandstone with a small number of coarse grained clasts up to 5 mm. The percentage of clay 

in the sandstone increased upsection. Sample NB-B was taken from the Lower Red Beds that had 

a smaller clay component (Figure 5).  

Naran Bulog: Pink Beds/Lower Red Beds 

 

Figure 5- Paleocene Pink Beds and Red 
Beds of Naran Bulog Formation. Measured 
section starting at K-T boundary. Cretaceous 
deposits below Section A are interbedded 
pebble conglomerate and coarse to fine 
grained sandstone with decimeter scale 
trough cross-bedding and ripple cross 
lamination. 
 
Rock Descriptions: 
Section A- Pink fine sand with some coarse 
grained clasts, up to 5 mm. Massive bedding. 
Mud filled burrows present.  
 
Section B- Medium grained, red bed 
sandstone with some coarse grained clasts, 
up to 5 mm. Massive bedding. Poorly 
cemented. Obvious clay component. Clay 
percentage increases up section. 
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The Paleocene White Beds consist of upward fining sequences containing pebble to 

cobble conglomerate, coarse to fine sandstone, mudstone, and claystone. The White Beds contain 

trough to ripple cross-bedding, caliches, and isolated lenses of intraclasts, petrified wood, 

organic material, and soft sediment deformation. In general, the White Beds fine upward. The 

white beds were subdivided into individual upward fining sequences and massive sections during 

field observations. Samples NB-C, NB-D, and NB-E were taken from sandstones of the upward 

fining sequences of the White Beds (Figure 6)(Photos 3-5). 

Overlying the White Beds are interbedded pink, laminated fine-grained sand, silt and 

clay. It was assumed this section was the Paleocene Upper Red Beds reported by Gradzinski et al 

(1969), but this is a tentative interpretation.  This  layers’  true  thickness  could  not  be  determined  

because it caps the surrounding ridges and is significantly eroded throughout much of the field 

area (Figure 6).  

 
Interpretation 

Upper Cretaceous strata of the Naran Bulog contains interbedded, lenticular, decimeter 

scale trough-cross bedded pebble conglomerate to fine-grained sandstone and sandy bed-load  

dominated system (Sjostrom et al, 2001). This may account for the lack of mud and clay deposits 

in this outcrop.  

 Overlying Paleocene strata (Pink Beds and Lower Red Beds) are interpreted to 

show a shift to relatively more arid environments between the Upper Cretaceous and Paleocene 

at Naran Bulog, with a transition to eolian influenced environments evidenced by the Pink and 

Lower Red Beds. Mud-filled burrows present in the fine-grained sand of the Pink Beds, the 

structureless sandstone of both the Pink and Red Beds, and the floating pebble clasts in the Red 

Beds suggest a fluvio-related eolian deposit (Hasegawa et al, 2009). Floating pebbles and lack of  
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Naran Bulog: White Beds/Upper Red Beds 

Figure 6- Paleocene White Beds and Upper Red Beds of Naran Bulog. Measured section starting Lower Red Bed-White Bed 
contact. Moved Location to Viper Ravine. 
Rock Descriptions: 
Section C- Sandy matrix supported conglomerate quickly grades into clast supported conglomerate in middle of section and 
medium grained white sandstone at top of section. Trough cross-bedded sandstone and conglomerate. Angular and sub-angular 
clasts in conglomerate. Largest clasts in conglomerate up to 8 cm. 
Section D- Gray to light green clay and silt. Red, rusty, splotchy coloring. 
Section E- Pebble conglomerate at base, largest clasts 5-6 cm. Very white coarse grained sandstone that grades to medium 
grained, fine grained, and eventually clay in top of the section. Meter to decimeter scale trough cross beds through out section. 
Pebble layers interbedded in medium and fine grained sandstone. Ledge forming caliches in section. Petrified wood present in 
bottom of section. Intraclasts from stream bank collapse in bottom of section. Soft sediment deformation present in clay at top of 
section. 
Section F- Grades from white, pebbly, coarse grained sandstone to medium grained sandstone to fine grained sandstone to clay, 
moving up section. Ripple cross-bedding. 
Section G- White, well cemented coarse grained sand stone that grades upwards steadily to medium and fine grained sand and 
clay. Decimeter scale trough cross beds. 
Section H- White, well-cemented medium grained sandstone that grades upwards steadily to fine grained sand and clay. 
Decimeter scale trough cross-beds. 
Section I- White, well cemented medium grained sandstone that grades upwards steadily to fine grained sand and clay. Decimeter 
scale trough cross-beds. 
Section J- White, well cemented fined grained sand that grades quickly into clay. Ripple cross bedding. 
Section K- White fine grained sand. Interbedded calcareous sand. Massive bedding. 
Section L- Erosive contact. Interbedded pink, laminated fine sand, silt, and clay. Upper Red Beds? 
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dune foresets in the structureless Lower Red Bed sandstone are characteristics of deposition as 

dune sandslides during flash-flood events (Hasegawa et al, 2009; Eberth 1993). Trace fossils in 

the Pink Beds are evidence of bioturbation. Bioturbation, along with heavy opalization, may 

account for the lack of sedimentary structures present in the Pink Beds. Fine-grained sand and 

evidence of bioturbation may suggest deposition on low-energy alluvial plains (Hasegawa et al, 

2009; Loope and Dingus, 1999). 

The White Beds exposed at Naran Bulog suggest a few rapid shifts in depositional 

environment from fluvio-related eolian deposition of the Lower Red Beds to proximal braided 

stream (Section C) to oxygenated lacustrine (Section D) (Figure 6). There is a sharp contact 

between the Lower Red Beds and Section C of the White Beds. Section C of the strata column 

consists of trough cross bedded, angular to sub-angular, cobble to pebble conglomerate that is 

both clast and matrix supported and grades quickly into coarse to medium grained sandstone. 

Section C is interpreted to represent deposition in a proximal braided stream system, possibly 

alluvial fan based on matrix supported debris flows (Sjostrom et al, 2001). Section D consists of 

clay and silt deposits that lack lamination and organic material, interpreted as a rapid shift in 

depositional environment from proximal braided stream/alluvial fan to oxygenated lacustrine 

(Fouch and Dean, 1982; Hendrix et al, 2011).  

 The upward fining sequences of the White Beds, Sections E-J, are interpreted as a 

meandering fluvial environment that generally decreases in energy over time. This interpretation 

is based on the irregular erosive contacts between upward fining sequences, decreasing grain 

sizes between sections, transition from trough cross-bedding to ripple cross-bedding within 

sections typical of point bar migration, and presence of mud and siltstone typical of flood plain 

deposits capping each sequence (Sjostrom et al, 2001; Bridge, 1984; Dubiel, 1992). The presence 
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of intraclasts, pebble conglomerates, and petrified wood at the base of Section E suggests a 

relatively high-energy channel compared to the other sections measured at the locality. A general 

decrease in grainsize of each upward fining sequence moving up section suggests meandering 

alluvial channels depositing sediment at this location were decreasing in size and energy towards 

the end of the Paleocene. This may represent an increasingly arid environment towards the Late 

Paleocene at Naran Bulog. Section K appears to represent deposition on a fluvial plain based on 

massive bedding of fine sand and interbedded calcareous fine sand (possible paleosols?). Section 

E is interpreted to represent lacustrine deposition based on presence of laminated very fine 

grained sand, silt, and clay. Lacustrine deposition is supported by reports of lacustrine fossils in 

the Upper Red Beds around the Naran Bulog Locality (Gradzinski et al, 1969). 

 
Begger Noor  

The Begger Noor Basin is located in the Valley of Lakes in western Mongolia. It is a 

depression bounded by the Serkha Ula and Tayshiren Ula to the North and a ridge of the Altai 

Mountains to the south. The Basin contains an internally drained salt lake with marsh flats 

surrounding the lake. Samples from the Beggar Noor Basin were taken from two separate 

localities on the northern and western edges of the basin.  

 
Field Site One 

To the north of the Begger Noor Lake, exposures of Oligocene Red Beds were reported 

along the base of the Serkha Ula by Gradzinski et al (1969), based on paleontological data. 

However they do not give detailed descriptions of Oligocene strata at this location. Strata 

exposed at this field location was interpreted as Oligocene Red Beds, using descriptions of 

Oligocene Red Beds at other localities in the Begger Noor Basin from Gradzinski et al (1969) 
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and Russell and Zhae (1987). Oligocene strata from Beggar Noor Basin generally consists of red 

sandy clays, sandstone, and sandy pebble conglomerates.  

 
Methodology  

A general reconnaissance of the field area was conducted in order to identify Oligocene 

Red Beds and to determine where in the exposed strata samples apropriate for provenance 

analysis would be taken. General observations about the field area were made before taking 

samples. After determining where samples would be taken, general descriptions of the strata 

sampled were recorded including: grainsize, coloration, sorting, sedimentary structures, trace 

fossils, intraclasts, and possible depositional environment. Four samples were taken from 

Oligocene strata at Field Site One, samples BN-A, BN-B, BN-C, and BN-D. BN-A was taken 

first from the top of the exposed strata and BN-D last from the bottom of the exposed strata, so 

samples from this location represent progressively older strata moving down section. 

 
Field Observations  

In general strata at this field site consisted of red sandstone with a minor component of 

pebble to cobble sized clasts, interbedded with red mudstone. Oligocene red sandstone displays 

pebbly trough cross-bedding and contains small fossils, possibly similar to mammal fossils 

reported in Oligocene exposures by Gradzinski et al (1969) and Russell and Zhae (1987). 

Oligocene exposures are covered by Quaternary clastic deposits. There is a bed of tan-pale 

brown, fine-grained sandstone bisecting the inferred Oligocene Red Beds (Photo 8). This bed 

was assumed to also be Oligocene in age. Bedding at this location forms low lying hills cut by 

seasonal drainages. Bedding is dipping north-northeast towards the Serka Ula. Based on brief 

observations, tectonic deformation of strata in this area appeared to be significantly less 
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extensive then deformation of Tertiary strata from Field Site Two in the Begger Noor Basin. The 

terrain is easier to navigate, dips appear less severe, and no obvious faulting or folding is present. 

 Sample BN-A  was  taken  from  the  top  of  the  Oligocene  Red  Beds  (N45  49’  40.7”  E97  17’  

54.5”)   just   below  Quaternary clastic cover (Photo 6). This section of strata is well-cemented, 

fine-grained red sandstone with some pebble-cobble sized clasts. The largest clasts in this section 

are angular and the smallest more sub-angular to rounded. Section displays trough-cross bedding.  

 Sample BN-B was taken ~12 meters down section from sample BN-A  (N45  49’  38.9”  

E97   17’   55.0”).   This   section   of   strata  was   red, pebbly, trough cross-bedded, medium grained 

sandstone and sandy pebble conglomerate, poorly cemented, and quartz rich (Photo 7). 

 Sample BN-C was taken ~3 meters down section from sample BN-B at the bottom of the 

tan-pale   brown   section   (N45   49’   33.7”   E97   17’   54.1”).   The   tan-pale brown strata consists of 

poorly cemented fine-grained sandstone, is ~2 meters thick, is massive at the top, and contains 

pebbly trough cross-bedding in the bottom ½-1 meter where sample BN-C was taken. This 

section also contains fossilized wood and organic matter and has characteristics of an upward 

fining sequence. 

 Sample BN-D was taken just below the tan-pale brown layer at the base of exposed 

Oligocene  strata  (N45  49’  32.1”  E97  17’  53.0”).  This section had a deeper brick red coloration 

then strata above the tan-pale brown section, which had a more orange-red coloration. It 

consisted of pebbly fine-grained sandstone that appeared to contain sedimentary structures but 

they were faint and covered. In other localities in the field site where this section was exposed, 

trough cross-bedded, pebbly sandstone was evident, similar to the upper orange-red strata. 
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Interpretations 

These interpretations are based on brief field observations of strata from which samples 

were taken, so only broad general inferences of possible depositional environments were made. 

In general, Oligocene strata at the field site one seem to represent a fluvial depositional system, 

based on trough cross-bedding of sandstone and pebble conglomerates and the possible upward 

fining sequence present in the tan-pale brown sandstone. Lack of extensive conglomerates and 

large clasts may be evidence of a lower-energy meandering fluvial type system (Sjostrom et al, 

2001). 

 
Field Site Two  

On the Northwestern end of the Beggar Noor basin exposures of Tertiary strata were 

reported along the southern Altai ridge by Gradzinski et al (1969). These exposures form long 

groups of steep sided hills at the base of the Altai ridge. Tertiary strata at this locality have 

undergone significant tectonic deformation evident by the steeply dipping beds (exceeding 60 

degrees) and apparent faulting and folding (Photo 9). Based on field observations, Gradzinski et 

al (1969) concluded that sediment sourced from surrounding massifs was only present in 

Quaternary sediment cover and not in the Tertiary strata, suggesting very recent orogenic uplifts 

in the area and distinctive environments between the Tertiary and Quaternary.  

Tertiary strata from this locality consists of Oligocene, Miocene, and Pliocene deposits 

unconformably overlying Lower Cretaceous strata (Gradzinski et al, 1969). Gradzinski et al 

(1969) divided exposed strata at this locality into five sections based on previous paleontological 

work: Lower Cretaceous, Oligocene Red Beds, Miocene Yellow Beds, Pliocene Grey-Yellow 

Beds, and Quaternary clastics. The Lower Cretaceous strata consists of variegated beds, 

comprised of sandy clays and green-grey sands. The Oligocene Red Beds have a dominant clay 
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component and consist of red sandy silts, sands, gravels, and sandy conglomerate. The Miocene 

Yellow Beds consist of weakly cemented sandy conglomerates that grade into gravels, cross-

bedded sandstone, greenish-yellow, grayish-yellow, and green-grey clayey sands, clays, and 

siltstones. Calcareous concretions are present in this section. The Miocene Yellow Beds grade 

into the Pliocene Beds, which consist of fined grained sands with interbedded sandy 

conglomerates that display great vertical and horizontal variability. Quaternary strata consists of 

clastic sediments. 

 
Methodology  

A general reconnaissance of the field area was conducted in order to identify each 

individual Cretaceous and Tertiary section described by Gradzinski et al (1969) and to make 

general observations about the field area. It was then determined where in the exposed strata that 

samples would be taken for provenance analysis. After determining where samples would be 

taken, general descriptions of strata sampled were recorded including: grainsize, coloration, 

sorting, sedimentary structures, trace fossils, intraclasts, and possible depositional environment. 

Samples BN-E, BN-F, BN-G, BN-H, BN-I, and BN-J were taken from Cretaceous through 

Pliocene sections. These samples were taken systematically upsection from Cretaceous through 

Pliocene strata so they represent progressively younger strata.  

 
Field Observations  

Cretaceous and Tertiary bedding at this field site dipped steeply, upwards of 60 degrees 

or more, to the southwest towards the Altai Mountains(Photo 9). The dipping strata formed a 

low-lying ridge of rolling hills incised by dozens of small seasonal drainages. Tertiary strata 

appears to be faulted and folded in some locations along the ridge. The top of the Cretaceous 



 

29 
 
 

strata is located in the ravine at the foot of the low-lying ridge and in general consists of cobble 

conglomerate to course-grained sandstone. Oligocene strata generally consists of red sandy clays 

and silts, with interbedded light brown medium-coarse grained sandstone. The Oligocene section 

has a general upwards coarsening trend from the middle to upper sections of the Red Beds and 

Oligocene bedding flattens out around Miocene boundary at this location. The reduction of dip 

of Oligocene strata may be the result of folding. Miocene strata generally consists of interbedded 

clay, sandstone, pebbly sandstone, and pebble conglomerate and contains large channel cut 

deposits in the middle and upper half of the section. Concretions are present in Miocene strata. 

One section of Miocene bedding appears to overlap onto older, tilted Oligocene strata. Pliocene 

strata generally consists of interbedded lenticular conglomerate and sandstone.  

Sample BN-E was taken from was taken from the top the Cretaceous strata just below 

contact with Oligocene   strata   (N45   53’   53”   E96   46’   21”).   This   section   of   Cretaceous   strata  

consists of coarse grained sandstone and cobble conglomerate. Large clasts were imbricated and 

sub-angular to angular. The largest clasts in the section were more well rounded and boulder 

sized, up to ~27 cm (Photo 10).  

 Sample BN-F was taken from a stream cut in the lower Oligocene section. The sample 

was taken from brown, medium grained, pebbly, quartz rich sandstone. Pebbly sandstone was 

poorly cemented and displayed decimeter scale trough cross-bedding. Pebbles were sub-angular. 

This section of the Oligocene strata displays interbedded brown sandstone and red sandy clays, 

abundant layers of pebbles and sand in red beds, and pebbly trough cross-beds in red beds (Photo 

12).  

Sample BN-G was taken from red, decimeter scale trough-cross bedded, sandy pebble 

conglomerate  about  half  way  up  the  Miocene  section  (N45  53’  44”  E96  46’  16”).  This  section  of 
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Photo 1- K Sandstone: Location of NB-A 

 
Photo 2- Paleocene Pink Beds Naran Bulog: Mud filled Burrows 
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Photo 3- Paleocene White Beds Section C Conglomerate: Location of NB-C 

 

 
Photo 4- Paleocene White Beds Naran Bulog: Section E Trough Cross-Bedding 
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Photo 5- Soft Sediment Deformation in Section E White Beds: Naran Bulog 

 

 
Photo 6- Oligocene Strata Begger Noor Field Site One: Sample Location BN-A 
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Photo 7- Oligocene Strata Begger Noor Field Site One: Sample Location BN-B 

 
Photo 8- Oligocene Strata Begger Noor Field Site One: Tan-Pale Brown Strata 
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Photo 9- Deformed Tertiary Strata Begger Noor Field Site Two 

 

 
Photo 10- K Strata Begger Noor Field Site Two 
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Photo 11- Pliocene Interbedded Sandstone and Conglomerate: Begger Noor Field Site Two 

 
Photo 12- Oligocene Strata Begger Noor Field Site Two: Sample Location BN-F 
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Oligocene strata formed a small ridge of pebbly, medium grained red sandstone. Pebbles are 

orientated with trough cross-bedding of the sandstone. 

Sample BN-H was taken just above Oligocene/Miocene contact from pale yellow, fine 

grained, trough cross-bedded sandstone (N45 53’   38”   E96   46’   14”).   This   section   of  Miocene  

strata is fine grained, clayey, cross-bedded sandstone with no pebble component. Concretions are 

present in this section of Miocene bedding. Channels of coarse grained sandstone and 

cobble/pebble conglomerate are cutting into fine-grained bedding in this section. The mid-

Miocene above this section consists of clay deposits. 

 Sample BN-I was taken from pale yellow, trough cross-bedded medium grained 

sandstone and pebble conglomerate ~3 meters below inferred Miocene/Pliocene contact (N45 

53’  33”  E96  46’  10”).  Contact  between  Miocene  and  Pliocene  was  more  difficult   to  determine  

because of horizontal variability of what was assumed was Pliocene conglomerate (Photo 11).  

 Sample BN-J was taken from a section of interbedded medium grained sandstone 

between trough cross-bedded cobble/pebble conglomerates of the Pliocene, ~15 meters from the 

top   of   the   ridge   (N45   58’   46”   E96   46’   10”).   Sandstone   sampled   was   light   colored,   poorly  

cemented, and ~1 meter thick. There was a large degree of horizontal and vertical variability of 

the Pliocene strata at this location but in general showed interbedded sandstone and trough-cross-

bedded cobble and pebble conglomerates (Photo 11). 

 
Interpretations  

These interpretations are based on brief field observations of strata exposed at field site 

two, so only broad general inferences of possible depositional environments were made. The 

coarseness, angularity, and imbrication of clasts along with presence of trough cross-bedding in 

Cretaceous strata sampled suggests a proximal alluvial fan/braided stream depositional 



 

37 
 
 

environment (Sjostrom et al, 2001). Oligocene strata displayed trough cross-bedded pebbly 

sandstone and pebbly red clay rich sandstone, which suggests a fluvial depositional environment 

with lower energy then Cretaceous fluvial deposition at this field site. Miocene strata was 

interpreted to represent a fluvial depositional environment based on trough cross-bedding, 

channel cuts, clay (flood?) deposits, and lenticular bedding. Pliocene strata may have been 

deposited in a proximal alluvial fan/braided stream system based on interbedded sandstone and 

trough cross-bedded cobble to pebble conglomerate. It appears there is a general upward fining 

trend in sediments from Upper Oligocene into Mid-Miocene and a general upward coarsening of 

sediments from Mid-Miocene into Pliocene interbedded sandstone and conglomerate. 
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PROVENANCE 

 
 

Methodology 

Thin-sections of each sample taken from the Naran Bulog and Begger Noor Field Sites 

were point counted using a method modeled after Dickenson and Suczek (1979). 500 counts 

were done for each sample. Point counts were done using a Peloon automatic point counter set to 

move at 0.5 mm intervals. Grains were divided into five grain categories, three of which were 

divided into sub-categories: 

1) Q- Stable Quartzose Grains, sub-divided into: 
a) Qm- Monocrystalline Quartz: Whole single quartz grains including QM grains 

in granitic rock fragments, may display undulose extinction. 
b) Qp- Polycrystalline Quartz: Chert grains. 

 
2) F- Monocrystalline Feldspar Grains, sub-divided into: 

a) K- K-Feldspar: Potassium feldspar grains including K grains in granitic rock 
fragments. 

b) P- Plagioclase: Plagioclase feldspar grains including P grains in granitic rock 
fragments. 

 
3) L- Polycrystalline Lithic Fragments, sub-divided into: 

a) Lv- Lithic Volcanic: Volcanic rock fragments; clasts that show angular grains 
of various compositions in a fine matrix. 

b) Ls- Lithic Sedimentary: Sedimentary rock fragments including carbonates; 
clasts that show numerous well rounded grains. 

c) Lm- Lithic Metamorphic: Metamorphic rock fragments; clasts that show 
obvious foliation and/or lineation of grains. 

 
4) H- Heavy Minerals: Any mineral grains that do not fall into the previous categories such 

as opaque minerals, pyroxene, biotite, olivine, zircon, etc. 
 

5) M- Matrix/Cement:   The   sample   sandstone’s   matrix.   Matrix compositions in samples 
varied and were recorded for each sample. 

 
Large lithic fragments were sub-divided into individual minerals. When the point counter 

landed on a lithic grain larger then 0.0625 mm, the mineral within the grain the point counter 

landed on was counted instead of the lithic grain as a whole. If the point counter landed on the 



 

39 
 
 

matrix of a large lithic fragment then the point was counted as the lithic grain type. Raw point 

count data is displayed in Table 1. Many samples underwent some degree of grain alteration, 

especially among feldspar grains. So the original grain composition was inferred and counted for 

heavily altered minerals. In most cases grains altered to sericite were interpreted to be K-

feldspars unless remnants of deformation twinning associated with plagioclase was present in the 

grain fabric. Generally, grains that had been altered into calcite were interpreted to be 

Plagioclase grains because they had a tendency to show remnants of deformation twinning even 

when heavily altered. General observations of each sample were made during point data 

collection including: types of matrix/cement, rounding, apparent lithic compositions, presence of 

carbonate lithic sedimentary fragments, general level of alteration, relative grainsize, and 

presence of undulose extinction in grains.  

Although heavy minerals and the matrix of samples were counted, they were not 

considered when plotting sandstone compositions on ternary diagrams. Point count data was 

normalized into detrital modes and plotted on Qm-F-Lt, Qp-Lv-Lsm, Qm-K-P, and Qt-F-L 

ternary diagrams after Dickenson and Suczek (1979). Lt represents all three sub-categories of 

lithic grains plus polycrystalline quartz, Lsm represents both lithic sedimentary and 

lithicmetamorphic grains, L represents all three sub-categories of lithic grains excluding 

polycrystalline quartz, and Qt represents both sub-categories of quartz grains. 

 
General Observations  

Sample NB-A: Contains a calcite matrix, had dominantly angular to sub-angular clasts, 

relatively large grains, contained granitic clasts, appeared to contain a few carbonate clasts (not 

matrix), some grains were moderately altered, largest grains are lithic fragments, and some 

quartz grains show undulose extinction.  
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Sample NB-B: Contains a calcite matrix, angular to sub-angular grains, smaller grain size

then NB-A, appears more altered then NB-A, may be a few carbonate clasts present, and some

quartz grains show undulose extinction. 

Sample NB-C: Dominantly quartz cemented with some oxide cement and a trace of

calcite cement. Contains granitic clasts, mostly sub-angular to rounded grains, largest grains are

quartz, range of grain sizes from large to small but mostly small grains, carbonate clasts appear

to be present, and quartz grains show undulose extinction. This sample was heavily altered,

which may have affected point count interpretations slightly but not enough to completely askew

final values.

Sample NB-D: This sample was grain-mounted, so matrix/cement was not present in the

majority of slide. However, small amounts of calcite matrix surround small groups of grains, but

it appears that these are not lithic fragments but remnants of the samples matrix. This inference is

Sample Age Qm Qp K P Lv Ls Lm Heavy Matrix

Naran Bulog

NB-A K 123 2 50 70 33 8 3 2 209

NB-B PE 112 5 71 114 1 3 4 3 187

NB-C PE 163 3 36 59 0 13 8 6 212

NB-D PE 216 2 94 166 0 8 3 4 7

NB-E PE 158 1 44 105 2 0 2 9 179

Begger Noor

BN-A PE 60 3 13 92 0 5 0 4 322

BN-B PE 133 1 78 99 7 8 2 5 167

BN-C PE 165 23 14 65 30 18 39 16 130

BN-D PE 131 10 8 65 3 1 23 27 232

BN-E K 98 5 11 94 0 5 16 23 248

BN-F PE 170 20 21 48 8 5 50 12 166

BN-G PE 213 33 25 26 4 33 44 18 104

BN-H N 67 0 31 128 3 7 2 17 245

BN-I N 86 11 16 87 2 11 8 12 267

BN-J N 70 6 19 113 0 7 3 14 268

Table 1- Points Counts of Late Mesozoic-Cenozoic Sandstone of Western and Southern Mongolia
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supported by field observations that this sample was taken from a ledge forming caliches. Vacant

space of the grain-mounted slide was skipped over until the point landed on a grain, then a count

would be taken. This sample contained angular to sub-angular clasts similar in size to other NB

samples and a few possible carbonate clasts.

Sample NB-E: Contains a calcite matrix with a small component of quartz cement, some

feldspar grains are heavily altered, relatively smaller grains compared to NB samples, and some

quartz grains showed undulose extinction.

 Sample BN-A: Contains oxide, calcite, and quartz cement. Appears to have a few

carbonate clasts, is moderately altered, and has small grains that are at times hard to distinguish

from surrounding matrix.

Sample BN-B: Contains calcite, quartz, and sericite matrix. Coarse grained, largest clasts

are granitic fragments, feldspars have undergone extensive alteration, and chlorite and biotite are

present in large lithics.

Sample BN-C: Contains quartz cement with minor amount of oxide cement, coarse

grained, sub-angular to rounded grains, largest clasts are lithic fragments, large number of

opaque minerals in lithic clasts, plagioclase grains are heavily altered, and chlorite and biotite are

present in lithic grains.

Sample BN-D: Contains dominantly oxide cement with some quartz and sericite matrix.

It is dominantly small grains with some large clasts, largest clasts are granitic, and feldspars are

moderately altered.

Sample BN-E: Contains abundant oxide cement with a lesser component of

quartz cement, angular clasts, mostly small grains, abundant opaque minerals, and

chlorite are present.
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 Sample BN-B: Contains calcite, quartz, and sericite matrix. Coarse grained, largest clasts 

are granitic fragments, feldspars have undergone extensive alteration, and chlorite and biotite are 

present in large lithics. 

Sample BN-C: Contains quartz cement with minor amount of oxide cement, coarse 

grained, sub-angular to rounded grains, largest clasts are lithic fragments, large number of 

opaque minerals in lithic clasts, plagioclase grains are heavily altered, and chlorite and biotite are 

present in lithic grains. 

Sample BN-D: Contains dominantly oxide cement with some quartz and sericite matrix. 

It is dominantly small grains with some large clasts, largest clasts are granitic, and feldspars are 

moderately altered. 

Sample BN-E: Contains abundant oxide cement with a lesser component of quartz 

cement, angular clasts, mostly small grains, abundant opaque minerals, and chlorite are present.  

 
Figure 1- Ternary plots of sandstone samples from Naran Bulog (Right) and Begger Noor Basin (Left), Mongolia. 
Modeled after Dickenson and Suczek, 1979. Sample points are labeled with their sample letter (BN-A=A). Qm= 
monocrystaline quartz, P= plagioclase, K= potassium feldspar. 

Grains are very small and are moderately to heavily altered, making it difficult to distinguish 

between matrix and grains in some sections of the slide. This may have slightly affected final 

values of this slide. 
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 Sample BN-F: Contains quartz and iron oxide cement, some larger clasts, mostly fine 

grained, has angular clasts, large clasts appear dominantly Lm, and is heavily altered. Small 

grain size and alteration makes it difficult to distinguish between matrix and grains in some 

sections of the slide. This may have slightly affected point count of this slide. 

 Sample BN-G: Contains quartz and oxide cement. Has large clasts and large sedimentary 

clasts.  

Sample BN-H: Contains oxide and sericite matrix. Has angular to rounded grains, mostly 

smaller grains, feldspars are heavily altered, possibly may have carbonate grains, and contains 

small amounts of biotite, clinopyroxene, and zircons. 

Sample BN-I: Contains quartz and iron oxide cement, some larger clasts, mostly fine 

grained, has angular clasts, and is heavily altered. Small grain size and alteration makes it 

difficult to distinguish between matrix and grains in some sections of the slide. This may have 

slightly affected final values. 

Sample BN-J: Contains dominantly quartz cement with some calcite cement. Has angular 

to rounded grains, smaller grains, feldspars are heavily altered, possibly may have carbonate 

grains, and contains small amounts of biotite and clinopyroxene. Larger matrix to grain ratio then 

most samples. 
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Figure 8- Ternary plots of sandstone samples from Begger Noor Basin, Mongolia. Modeled 
after Dickenson and Suczek, 1979. Sample points are labeled with their sample letter (BN-
A=A). Qm= monocrystaline quartz, Qp= polycrystalline quartz, F= total feldspar, P= 
plagioclase, K= potassium feldspar, Lt= total lithic fragments plus chert, Lsm= lithic 
sedimentary and lithic metamorphic, Lv= lithic volcanic, L= total lithic fragments, Q= total 
quartz. 
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Figure 7- Ternary plots of sandstone samples from Naran Bulog, Nemegt Basin. Modeled 
after Dickenson and Suczek, 1979. Sample points are labeled with their sample letter (NB-
A=A). Qm= monocrystaline quartz, Qp= polycrystalline quartz, F= total feldspar, P= 
plagioclase, K= potassium feldspar, Lt= total lithic fragments plus chert, Lsm= lithic 
sedimentary and lithic metamorphic, Lv= lithic volcanic, L= total lithic fragments, Q= total 
quartz. 

 
Results  

Samples from the two localities display similar overall compositions while the Beggar 

Noor samples display greater variation among themselves then the samples from Naran Bulog. 

Samples within each locality show significant variations in provenance that, with structural and  
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compositional data from field observations, a foundation for interpreting the evolution of each 

field area can be formed. Due to age differences and distances separating Naran Bulog and the 

Begger Noor Basin, each location is discussed in the context of its localized regional geologic 

history.  

The Naran Bulog samples (See Figures 7 & 9) all plotted within the continental block 

source group for Qm-F-Lt. Only NB-C plots in the transitional group between cratonic interior 

sources and uplifted basement sources while the remainder plot as uplifted basement sources. All 

samples with the exception of NB-A again plot as continental block sources on the Qt-F-L 

diagram. NB-A plots as recycled orogen and similar to the Qm-F-Lt diagram plots close to 

dissected magmatic arc signatures. Because of the low number of lithic grains in samples NB-B 

through NB-E, the Qp-Lv-Lsm diagram is largely irrelevant. NB-A, the only sample with 

significant lithic fragments, plots in the dissected magmatic arc source group. On the Qm-P-K 

diagram, all NB samples except NB-C plot in the transitional group between magmatic arc and 

continental block/recycled orogen sources. NB-C plots within the continental block/recycled 

orogen source group. Two observations of the NB samples’   provenance   are sample NB-A 

(Cretaceous) always plots closest to or within the magmatic arc source group and NB-C always 

plots closest to the Qm end member of continental block source groups. 

The Begger Noor samples (See Figures 8 & 9) have greater variation among their 

provenance signatures then the Naran Bulog samples. The majority of samples in general plot 

within the continental block source groups but a few plotted within recycled orogens/mixed 

source groups. Qm-F-Lt provenance shows that the only samples that have recycled 

orogen/mixed source signatures are Oligocene in age. However, the two oldest Oligocene 

samples from field site one plot in the uplifted basement continental block source group where 
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all other samples with the exception of the oldest Oligocene sample NB-D also plot. NB-D plots 

in the transitional continental block source group close to the recycled orogen/mixed source 

Oligocene samples from field site two. The Qt-F-L signatures show all the Oligocene with the 

exception of the two youngest samples from field site one plot in the recycled orogen source 

group. The two youngest Oligocene samples and the rest of the samples plot in the continental 

block source group as transitional or uplifted basement sources. The Qm-P-K signatures also 

suggest a shared provenance relationship between the oldest Oligocene samples from field site 

one and Oligocene samples from field site two. These Oligocene samples are the only samples 

that plot towards the Qm end member in the continental block/recycled orogen source group. 

The rest of the BN samples plot in the transitional phase between continental block/recycled 

orogen sources and magmatic arc sources. Qp-Lv-Lsm signatures also link the Oligocene 

samples NB-C, NB-D, NB-F, and NB-G. Half the samples had very low lithic content, less then 

10%, so their Qp-Lv-Lsm signatures were not relevant. However, of the five samples with higher 

lithic content, four are the two oldest Oligocene samples from field site one and the Oligocene 

samples from field site two. These Oligocene samples all plot in or very near to the collision 

suture and fold-thrust belt source group. The similarities in provenance of these Oligocene 

samples may suggest these samples are of similar Lower to Mid Oligocene ages. This is further 

supported by their sample locations within Oligocene strata at Both Begger Noor sites. Two 

significant aspects of the BN samples provenance is a possible correlation between the 

Oligocene samples NB-C, NB-D, NB-F, and NB-G and the grouping of the rest of the samples 

on the plots. 
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INTERPRETATIONS OF SEDIMENTARY BASIN DEVELOPMENT 

 
 

Due to small scale localized sampling at each field site, it is most likely not possible to 

accurately interpret plate tectonic settings of southern Mongolia during the Tertiary. However, 

provenance relationships and qualitative observations of field sites allow for interpretations of 

geological settings on localized regional scales for the Naran Bulog Formation and the Begger 

Noor Basin.  

 
Naran Bulog 

Late Cretaceous strata at Naran Bulog may represent a locally controlled depositional 

environment. This interpretation is based on the Cretaceous sample’s   uplifted   continental  

basement provenance signature (Dickenson and Suczek, 1979), and previous work suggesting 

discontinuous deposition in partitioned basins was common during the Cretaceous in southern 

Mongolia (Jerzykiewicz and Russell, 1991; Hasegawa et al 2009). The unconformity between 

Late Cretaceous and Paleocene Pink Beds at Naran Bulog suggests a possible decrease in 

topographic relief at Naran Bulog, resulting in a period of erosion during the Early Paleocene. 

An Early Paleocene erosional period is supported by reports of the absence of Danian and Early 

Paleocene deposits from the Naran Bulog Formation (Samoilov et al, 2001). The provenance 

values of Late Cretaceous strata at Naran Bulog may represent a transitional phase in source 

lithologies, plotting very close to dissected magmatic arc suites. Dissected magmatic are suites 

are viewed as a transitional phase leading into continental block uplifted basement provenances 

(Dickenson and Suczek, 1979). However, without provenance signatures from older Cretaceous 

Strata at Naran Bulog this interpretation is tentative at best.  
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A return to sediment accumulation during the Mid to Late Paleocene time may suggest 

increases in topographic variation around the Naran Bulog area began by the Mid Paleocene. The 

composition of the Lower Red Bed sample provides evidence for possible localized block 

faulting, plotting in the uplifted basement suite and suggesting short transport distances based on 

high feldspar content (Dickenson and Suczek, 1979). The immature provenance signature of the 

Lower Red Beds may also be explained by their inferred deposition in an arid environment, 

resulting in dominantly eolian transport mechanisms and low rates of weathering (Dickenson and 

Suczek, 1969).  

Sandstone compositions and sedimentary facies of the Paleocene White Beds of the 

Naran Bulog Formation suggest localized fault-bounded continental block uplifts and deposition 

in adjacent, semi-partitioned, extensional or strike-slip basins predominated the area during the 

Mid to Late Paleocene (Dickenson and Suczek, 1979). The sharp erosional contact between the 

Lower Red Beds and the clast and matrix supported cobble and pebble conglomerate of the 

White Beds suggests localized topographic highs developed adjacent to the Begger Noor area. 

The composition of this section plots in the transitional phase of continental block suites close to 

the border with uplifted continental basement suites, while the two younger Paleocene samples 

plot in the uplifted basement suites. This may suggest, that as localized block faulting was 

evolving during the Late Paleocene at this location, the basin was initially less partitioned 

resulting in a broader source region of sediment in its earliest stage that progressed into a smaller 

source region as uplift and basin partitioning continued (Dickenson and Suczek, 1979). The 

generally upward fining trend of the White Beds and Upper Red Beds, inferred transition to 

lower-energy fluvial and lacustrine deposition towards the Late Paleocene, and the lack of 

younger Tertiary strata overlying Paleocene deposits of the Naran Bulog Formation suggest local 



 

50 
 
 

topographic relief decreased during the Late Paleocene and erosional processes predominated the 

Naran Bulog for the rest of the Tertiary. 

While the provenance of Naran Bulog samples suggests basin formation was not related 

to a collisional environment (Dickenson and Suczek, 1979), without structural data, 

distinguishing between the basin types associated with uplifted basement suites (extensional vs. 

strike-slip) is difficult. However, there are a couple lines of evidence that may support an 

interpretation of strike-slip basin deposition in the Naran Bulog area during the Paleocene. Rift 

basins in southeastern Mongolia contain interbedded volcanic deposits (Sjostrom et al, 2001), 

which are typical of extensional environments. There was no evidence of interstratified volcanic 

deposits in the Naran Bulog formation and non-reported in previous works (Samoilov et al, 

2001; Jerzykiewicz and Russell, 1991; Gradzinski et al, 1969; Dashzeveg, 1988). Also, extensive 

strike-slip complexes occur across much of modern western and southern Mongolia and have 

been interpreted as reactivation of older strike-slip faults associated with the central Asian 

diffuse deformation field (Webb and Johnson, 2006; Cunningham, 2005).  

 The favored interpretation of the tectonic evolution of the Naran Bulog field area is that 

during the Late Cretaceous decreasing of topographic highs in a partitioned, uplifted basement 

system resulted in a period of erosion that lasted into the Mid Paleocene. Reactivation of 

basement uplifts in the area caused a transition back to depositional processes by the Mid-

Miocene. During the Mid to Late Paleocene continued basement uplift associated with strike-slip 

deformation increased local topography and resulted in the deposition of Paleocene strata of the 

Naran Bulog Formation. Localized uplift caused by inferred strike-slip deformation during the 

Paleocene may have been caused by reactivation of already existing strike-slip faults, suggesting 

Cretaceous deposition at Naran Bulog may have also occurred in strike-slip basins activated 
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along these same faults at an earlier time. By the end of the Paleocene, local topography had 

significantly decreased resulting in a period of erosion that predominated the Tertiary in the 

Naran Bulog area.  

 
Beggar Noor 

Cretaceous strata at Begger Noor may represent deposition in a proximal, partitioned 

basin controlled by localized basement uplift. This interpretation is based on sample NB-E’s  

provenance signature that plots in the uplifted basement suites (Dickenson and Suczek, 1979), 

evidence of deposition in a proximal alluvial fan/braided stream system, and previous work 

suggesting Cretaceous deposition occurred in partitioned basins across western Mongolia and the 

Valley of Lakes region (Sjostrom et al, 2001; Sjostrom et al, 1997; Jerzykiewicz and Russell, 

1991; Howard et al, 2006). The unconformity between Cretaceous Strata and Oligocene strata at 

the second Beggar Noor field site suggests that from Late Cretaceous to the Late Paleogene 

erosional processes dominated the Begger Noor Basin region. Unconformities between 

Cretaceous and Tertiary strata are common across western and southern Mongolia and have been 

interpreted to represent a period of relative tectonic stability, on a plate tectonic scale, across 

Mongolia and much of central Asia (Khand et al, 2000; Sjostrom et al, 2001; Hendrix et al, 1996; 

Cunningham, 2001; Jolivet et al, 2007; Sjostrom et al, 1997; Jerzykiewicz and Russell, 1990; 

Hasegawa et al, 2009; Samoilov et al, 2001).  

 The Oligocene was marked by a return to depositional processes in the Begger Noor 

Basin area. The correlation of sandstone compositions of Lower to Mid Oligocene samples from 

both Begger Noor field sites suggests that a possibly continuous basin may have connected the 

field areas during the Oligocene. These samples compositions dominantly display mixed to 

recycled orogen sources. The Oligocene sample BN-D plots in the transitional phase continental 
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block suites. However, recycled orogen foreland uplift suites sometimes plot as continental block 

suites because they are usually sourced from sedimentary strata in a foreland thrust complex, 

which can result in a compositionally mature signature (Dickenson and Suczek, 1979). The 

provenance relationship between these samples may suggest that during the Early to Mid 

Oligocene, deposition may have taken place in a foreland basin setting (Dickenson and Suczek, 

1979).  

Another interpretation is that during the initiation of regional uplift in the Begger Noor 

area during the Early Oligocene, sediment was originally sourced from a more extensive region 

resulting in more chemically mature and relatively lithic rich sediments (Dickenson and Suczek, 

1979). Also, as regional uplift was initiated, sediments being deposited in the Begger Noor area 

may originally have been sourced from extensive sedimentary strata inferred to have covered 

much of Mongolia prior to the India-Asia collision (Jolivet et al, 2007; Howard et al, 2006). 

Sedimentary strata sources could account for the foreland style depositional signature of Early to 

Mid Oligocene samples (Dickenson and Suczek, 1979). The shift in provenance signatures of the 

older Oligocene strata from the first Begger Noor field site to uplifted continental basement 

suites may also lend credibility to this interpretation. As deformation associated with block 

faulting and uplift continued, the amount of sediment sourced from overlying sedimentary strata 

would decrease resulting in a transition to uplifted basement compositions, similar to observed 

Upper Oligocene samples. As localized block uplift continued, the two field areas may have been 

partitioned into two separate basins resulting in depositional and erosional processes unique to 

each Begger Noor field site. Separation of these basins during the Late Tertiary could account for 

the lack of Neogene strata present at the first field site, owing to possible erosion dominated 

periods at the first field site that were not present at the second field site. Increased partitioning 
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of the two field sites by local basement uplift is also supported by the increasing feldspar content 

of Oligocene strata moving upsection at field site one, suggesting increasingly localized sources 

of sediment with shorter transport distances (Dickenson and Suczek, 1979).  

At the second Begger Noor field site, uplifted continental basement provenance 

signatures continue to dominate Miocene and Pliocene samples suggesting deposition in either 

incipient rift basins or strike-slip basins continued untill the end of the Neogene (Dickenson and 

Suczek, 1979). Dipping of Pliocene beds at the second Begger Noor field site suggests regional 

deformation continued into the Quaternary, which is supported by previous work pointing to 

modern active deformation in Altai Mountains to the south and Hangay Dome to the north 

(Cunningham, 2001; Yarmolyuk et al, 2008; Cunningham et al, 2005). The general upward 

coarsening trend of Mid Miocene strata into Pliocene cobble and pebble conglomerates observed 

at the second field site is evidence of an advancing topographic high during the late Neogene, 

possibly the modern Altai Mountains adjacent to the second Begger Noor field site. The 

evolution of the Tertiary strata at the Begger Noor field sites can be interpreted to coincide with 

regional orogenic processes surrounding the Valley of Lakes, suggesting evolution of this field 

area is related to the India-Asia collision that has been associated with uplift of the Altai and 

Hangay Orogens (Cunningham 2005; Webb and Johnson, 2006; Jolivet et al, 2007; Tapponnier 

and Molnar, 1979). 

While provenance signatures of samples from Begger Noor are interpreted to show 

dominantly uplifted continental basement signatures, it is impossible to rule out possible 

deposition in a foreland style basin during the Early to Mid-Oligocene completely. Similar to 

Naran Bulog samples, without detailed structural data of the field area, determining whether 

deposition occurred in extensional or strike-slip basins is difficult. However, the lack of 
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interbedded volcanics and proximity to active transpressional orogenic processes associated with 

the Altai Mountains suggests a strike-slip basin interpretation is feasible.  

 The favored interpretation of the tectonic evolution of the Begger Noor region is that 

during the Cretaceous deposition occurred in a partitioned basin related to localized uplifted 

basement blocks possibly associated with strike-slip faulting. During the Late Cretaceous Early 

Tertiary decreases in local topographic variation caused a period of erosion that persisted in the 

Begger Noor region until the Oligocene. This period may be associated with an overall trend of 

relative tectonic stability in central Asia during the Early Cenozoic. Deformation associated with 

the India-Asia collision and the initiation of uplift of the Altai and Hangay Orogens resulted in 

deposition in the early stages of a strike-slip basin that extended between the two Begger Noor 

field sites. By the end of the Oligocene, as strike-slip related basement uplift continued, these 

two sites became isolated from one another and dominated by locally sourced sedimentation. 

This style of deposition continued into the Pliocene as the Altai Orogenic front migrated closer 

to Begger Noor Basin. Active transpressional deformation of the Altai Mountains is still 

influencing the modern morphology of the Begger Noor Basin. 

 
Conclusions 

 Based on previous work, field observations, provenance analysis, and regional geologic 

framework, the following conclusions have been reached: 

1) Cretaceous and Tertiary strata exposed at the field sites represent deposition in 
several nonmarine depositional systems: including fluvio-related eolian systems, 
alluvial fan/proximal braided stream systems, sandy bed-load systems, low-energy 
fluvial plain systems, oxygenated lacustrine systems, and meandering fluvial systems. 
During the Late Cretaceous and Early-Mid Tertiary, periods of erosion predominated 
the field areas resulting in unconformities between Cretaceous and Mid-Paleocene 
strata at Naran Bulog and Cretaceous and Oligocene strata at Begger Noor. These 
unconformities may be associated with a period of relative stability across central 
Asia pre India-Asia collision. 
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2) Sedimentological and provenance data was not sufficient to accurately define Late 

Cretaceous-Tertiary tectonic settings. However, interpretations of localized regions of 
each field site were possible.  

 
3) Cretaceous and Tertiary sandstone compositions at Begger Noor and Naran Bulog are 

lithic poor and have relatively immature chemical signatures. Sandstone samples 
from both field sites suggest localized sources from continental basement uplifts. The 
existence of wide spread modern strike-slip systems across Mongolia and lack of 
interbedded volcanics in strata from the field sites suggest strike-slip deformation, not 
extensional, caused localized block uplifts. 
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