
Abstract

Climate and tectonics fundamentally influence the sedimentary environment, which is especially the case on the northernmost 

margin of the Tibetan plateau. There, the intramontane terrestrial Qaidam Basin records the regional geological history in its lacus-

trine, fluvial and alluvial sediments. In this contribution, we discuss source-sink relationships by interpreting the Eocene-Oligocene 

sedimentary succession of the Hongsanhan anticline along the northern margin of the Qaidam Basin, which formed during the 

Pliocene-Quaternary. The sedimentary succession shows a coarsening upward sequence reflecting the rapid uplift of the nearby 
40 39Altyn Mountains. We review detrital white mica Ar/ Ar ages that yield information about hinterland geology and subsequent deep 

burial. Additionally our results of a detrital framework composition study reveal the mineralogy in the catchment area and demon-

strate conditions during transport until final deposition. Moreover, we review stable isotope data that record the climatic and tec-

tonic history as well as the depositional environment. We use this study on the Pliocene anticline structure on the northern margin 

of the Qaidam Basin, revealing sediments deposited between 50 – 26.5 Ma, to discuss advantages and limits of combining the 

aforementioned techniques.

Klima und Tektonik beeinflussen das sedimentäre Umfeld grundlegend, was vor allem am nordöstlichsten Rand des Tibetplateaus 

der Fall ist. Dort speichert das intramontane, terrestrische Qaidam Becken in seinen lakustrinen, fluvialen und alluvialen Sedimen-

ten die regionale geologische Geschichte. In diesem Beitrag diskutieren wir den Zusammenhang von Herkunfts- und Ablagerungs-

raum, in dem wir die eozänen bis oligozänen Sedimentabfolgen der Hongsanhan-Antiklinale untersuchen, welche am Nordrand des 

Qaidam Beckens liegt und im Pliozän-Quartär entstand. Die Sedimentabfolge wird nach oben hin gröber, was die schnelle Hebung 
40 39der nahen Altyn Berge widerspiegelt. Wir betrachten einerseits Ar/ Ar Alter von detritischen Hellglimmern, die Informationen über 

das Hinterland und die folgende Versenkung liefern, andererseits widerspiegeln die Resultate über die modale Zusammensetzung 

die Mineralogie im Einzugsgebiet und die Transportbedingungen bis zur endgültigen Ablagerung. Stabile Isotopen reflektieren so-

wohl die klimatische und tektonische Geschichte als auch die Bedingungen des Ablagerungsmilieus. Am Beispiel einer pliozänen 

Antiklinalstruktur am Nordrand des Qaidam Beckens, in welcher 50 bis 26.5 Ma alte Sedimente aufgeschlossen sind, diskutieren 

wir die Vorteile und Grenzen einer kombinierten Anwendung der oben erwähnten Methoden.

___________________________________________________________________________________

_______________________________
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1. Introduction

It is widely accepted that surface uplift of the Himalayas and 

the Tibetan plateau changed the regional and even global cli-

mate (e.g. Ramstein et al., 1997), but how, when and to what 

extent is still highly debated. According to Raymo and Ruddi-

man (1992) the Tibetan uplift is one of the main driving forces 

behind Cenozoic climate change. Uplift of the southern Tibe-

tan plateau has strengthened summer monsoon and brought 

wetter climates south of the Himalayas (Burbank et al., 2003; 

Sun and Wang, 2005); central Asia has become drier with the 

Himalayan range and the Tibetan plateau blocking moisture 

(Guo et al., 2002). The general Cenozoic climate of the Tibe-

tan plateau is also considered arid with intervals of more hu-

mid conditions, especially in the Miocene (Wang et al., 1999). 

Such reconstructions are based on palaeoflora observations 

from Namling in southern Tibet (Spicer et al., 2003), pollen 

sequences (Wang et al., 1999) or distribution of sedimentary 

facies (Huang and Shao 1993). Dettman et al. (2003) and 

Garzione et al. (2004) performed detailed stable isotope stu-

dies on fluvial and lacustrine carbonates from the Linxia Basin, 

while Sun et al. (1999) and Graham et al. (2005) worked in the 

northern Qaidam Basin as well as the southern Tarim Basin. 

Recently, Sun et al. (2009) brought evidence – the presence of 

aeolian sediments – for the final onset of aridification in the Ta-

rim Basin at ca. 7 Ma. A similar age for the onset of aridification 

can be expected, therefore, in the nearby Qaidam Basin.

If one analytical method alone does not yield results in the 

form of clear shifts or trends over a sequence of several sam-

ples, it might be helpful to apply other methods that require a 

different approach or independent methodologies. This is, for 

example, especially important in areas where the hinterland 

has variable crystallization and cooling ages, but is compositio-

nally homogeneous. Clastic sediments record this source to 

sink pathway as well as preserve valuable information about 

the source region. Since source rocks might have been enti-

rely eroded during subsequent tectonic events, it is fundamen-

tal to understand the nature and composition of their erosion

____
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products. While sandstone composition mainly depends on the 

nature of the source area, factors like climate, weathering, 

erosion, relief, length of transport, sedimentation, burial and 

diagenesis can also alter the original source signature (Petti-

john et al., 1987; Johnsson, 1993; Fralick and Kronberg, 1997). 

Petrographic analysis, whole rock and mineral chemistry as 

well as radiometric dating can reveal the provenance and geo-

dynamic development of sandstone-rich basin-fill successions.
40 39Ar/ Ar thermochronology and other low-temperature ther-

mochronometers (e.g. fission track and U-Th/He analysis) are 

powerful tools to evaluate erosion rates over geological time 

and to infer exhumation rates (e.g. Willett and Brandon, 2002;

Brewer et al., 2003). Large-scale pa-

laeogeographic relationships and 

tectonothermal cooling and denuda-

tion of orogens can be monitored 
40 39with Ar/ Ar dating of detrital mi-

nerals such as white mica, biotite 

and K-feldspar (e.g. Copeland and 

Harrison, 1990; Najman et al., 1997). 

Different closure temperatures (ca. 

425 °C for white mica (Harrison et 

al., 2009), ca. 300 °C for biotite, ca. 

200 °C for K-feldspar (McDougall 

and Harrison, 1999) for slow coo-

ling rates typical for regional-meta-

morphic areas make these K-bea-

ring minerals suitable for estimation 

of exhumation rates in the source 

region. White mica usually yield 

well-defined plateau ages – provi-

ded they are not overprinted and 

reset, while feldspars are better 

suited for modelling cooling histo-

ries. In this study, we use white 

mica because of its abundance in 

the study area and its significance 

for tracing specific sources. In con-

trast to white mica, biotite has usu-

ally low chemical and mechanical 

resistance. Both biotite and white 

mica are well preserved in the Qai-

dam Basin due to the short transport distances as suspended 
40 39load. The Ar/ Ar method allows straightforward comparison 

of both sedimentary rocks and the surrounding basement 

rocks and thus also recognition of changes in the hinterland. 

In addition, single grain total fusion ages can be verified by 
40 39using the Ar/ Ar incremental heating method (for details, 

see Neubauer et al., 2007a).

In this study, we use the sedimentary succession exposed 

within the Hongsanhan (HSH) anticline to discuss: 1) the source-

sink relationships, 2) distance to the basin margin and thus to 

the uplifting of the South Altyn Mountains and 3) expansion 

and shrinking of the Qaidam lake. In the three valleys of the 

HSH anticline we sampled carbonates and marls for stable

__________________________

isotope analyses, as well as (mica-bearing) sandstones for 
40 39modal framework analysis and mineral dating with the Ar/ Ar 

technique. The temporal resolution is given by the vertical 

distance between the samples, which ranges from 10 cm in 

the lower fine-grained part up to 100 m in the coarser part at 

the top of the section. Discussion of the results is aided by 

the well-constrained geologic framework of the northern hin-

terland of the HSH.

The Qaidam Basin developed as a triangular to rhomb-shaped 

intracontinental sedimentary basin through the interaction of 

climate and tectonics along the northern margin of the Tibetan 

plateau since the Eocene (Fig. 1). The region represents an 

area with moderate relief at ca. 2800 m between the high 

plateau with an elevation of 4000–5000 m and the Gobi and 

Tarim deserts at 1000 m elevation. The surrounding moun-

tains, i.e. the Altyn Tagh in the north, the Qimantagh/Kunlun 

Mountains in the southwest and the Qilian Mountains in the 

northeast, reach heights in excess of 5000 m. All three moun-

tain ranges contain dominant strike-slip fault systems, running 

more or less parallel to the ranges. Since at least Early Oligo-

cene these ranges have completely enclosed the Qaidam Ba-

sin, which became dominated by internal drainage (Shi et al.,

__________________________________

___________________________

2. Tectonical and geological setting of 

the Qaidam Basin

Figure 1: Simplified tectonic sketch map of the Himalaya-Tibet region (modified from Tapponnier 

et al., 2001). b) Position of the Qaidam Basin within China. c) Simplified geological map of the north-

western part of the Qaidam Basin with outlines of Pliocene fold structures.______________________
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2001; Zhu et al., 2006). During the Cenozoic, terrigenous se-

dimentary sequences were accumulated, from thicknesses of 

3 km at the basin margin to about 10 km in the basin centre, 

and are divided into seven formations (Fig. 2; Yin et al., 2008b). 

Along the large crustal- to lithospheric scale sinistral strike-slip 

faults in the north and south of the basin, mountain ranges 

have been transported along the basin margins and therefore 

presenting continuously new material to erode within the catch-

ment area, which is recorded in the sedimentary sequence. 

The initiation of displacement along the Altyn Fault was at 

about 50 – 45 Ma (Yin et al., 2007) and thus clearly influenced 

the facies pattern of our study area in the northern Qaidam 

Basin and also resulted in segmentation of the initial uniform 

basin. Strike-slip faults offer an explanation to why so much 

material has been accumulated in the basin, when apparent 

exhumation around is much less in the present-day catchment 

of the basin (Rieser et al., 2006; Wang et al., 2006). Because 

of this reason, Rieser et al. (2006) proposed a moving source, 

mainly the North Altyn Mountains, which were moving to the 

west with respect to the Qaidam block.

Our study area, the Hongsanhan (HSH) anticline, is situated 

at the northern margin of the Qaidam Basin (Fig. 3). On geo-

logical maps (Wang and Zhang, 1999) it is marked as Hong-

sanhan No. 1 anticline; for simplification we will use only HSH 

anticline.

The HSH anticline is separated from the South Altyn base-

ment by an active sinistral strike-slip fault, the Datonggou 

fault (Genser et al., 2005). The HSH anticline strikes NW-SE, 

the northeastern limb is subvertical and partly overturned and 

its vergence is towards the South Altyn Mountains. In this re-

spect, it is similar to other structures along the northern and 

northeastern margin of the Qaidam Basin, where mountain-

facing anticlines are a characteristic feature and which are 

entirely different from other mountain front structures such as 

the Alps (Neubauer et al., 2007b; Yin et al., 2008a,b). Such 

structures at mountain fronts can be explained by a shallow 

basement beneath basin sediments, which acts like an inden-

ter into the basin during shortening. Consequently, shortening 

of basin sedimentary succession is associated with surface 

uplift of adjacent basement, i.e. in the case of the HSH anti-

cline by uplift of the South Altyn Mountains. The HSH anticline 

is one of several NW-trending fold structures (cf. Fig. 1c) that 

have formed in the Pliocene and Early Pleistocene (e.g. Song 

and Wang, 1993; Meyer et al., 1998). Unfortunately, no seis-

mic section crossing the HSH exists, and consequently, the 

subsurface relationships of the basin fill are not constrained 

directly.

During the Eocene to Oligocene, the northwestern part of 

the Qaidam Basin was lower in elevation and largely covered 

by a lake (Huang et al., 1996). As the Altyn Mountains were 

below the snowline during the Cenozoic, no melt water was 

provided to the HSH area. Ostracods in the northern part of 

the Qaidam Basin therefore belong to only hypersaline spe-

__________________

2.1 The Hongsanhan anticline

cies (Sun et al., 1999).

The South Altyn Mountains, as the most likely source region 

exposed in the north of the HSH anticline, mainly expose a 

high-grade metamorphic terrain with migmatitic paragneisses, 

micaschists and amphibolites intruded by Lower Palaeozoic 

and subordinate Permian-Triassic granitoids (e.g. Jolivet et al., 

1999; Gehrels et al., 2003b). As K-feldspar and apatite fission 

track data indicate, the South Altyn Mountains were finally ex-

_______________________________
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Figure 3: Detailed geological map of the Hongsanhan anticline at 

the northern margin of the Qaidam Basin. Dashed lines indicate the lo-

cations of the First, Third and Fifth High Peak Valleys, where this study 

was conducted. L: Lulehe Fm.; X: Xiaganchaigou Fm.; S: Shanggan-

chaigou Fm.; Q: Qigequan Fm.________________________________

Figure 2: Cenozoic stratigraphy of the Qaidam Basin. Ages are 

based on Gradstein et al. (2004). T  to T  indicate seismic reflectors, 0 5

which are correlated with biostratigraphically dated units from Qaidam 

drill cores, which mark formation boundaries.____________________
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Figure 4: Representative examples of various facies types of the sedimentary succession exposed in the Hongsanhan anticline. a,b) Redbeds 

comprising conglomerates and sandstones of the Lulehe Fm., Hongsanhan First Valley. View is towards west. c) Well-laminated mudstones of the 

deep facies of the Xiaganchaigou Fm., Third Valley. Height of picture is 2.5 m. d) Limestone layer within siltstone of the Xiaganchaigou Fm. at the core 

of HSH anticline, Third Valley. e) Sandstone intercalation in deep lake facies in the Shangganchaigou Fm.___________________________________

humed during Early Neogene.

Three sections have been studied in the HSH area including 

the so-called First, Third and Fifth High Peak Valleys (Fig. 3). 

The First High Peak Valley is close to the South Altyn Moun-

tains and exposes the Lulehe Formation of mainly conglome-

rates. On its northern end, well-sorted, quartz-rich sandstones 

from the Lower Eocene Lulehe Formation (Fig. 4a) are expo-

sed. They have been deposited at the basin margin probably 

at the outer rim of a delta. Above the red sandstones a thick 

sequence of conglomerates marks the formation boundary 

between the Lulehe and Xiaganchaigou formations (Fig. 4b). 

The boundary is defined by a thrust fault with small offset, in-

dicated by fault and striae with gypsum fibres on the lower 

side of the conglomerates. The thrusting was most probably 

induced by folding of the anticline.

The Third High Peak Valley offers a ~1000 meter thick sec-

tion through its southern limb (Fig. 5), covering almost 15 mil-

lion years, i.e. from 40 to 26.5 Ma (Sun et al., 2005). The visi-

ble anticline core lies within the Eocene Xiaganchaigou For-

mation, where very fine-grained sediments dominate. A mag-

netostratigraphy study of the HSH Third Valley (Fig. 5; Sun et 

al., 2005) allows adequate time constraints in this particular 

section. Sediments in the Third Valley become coarser as the

_________________________

______________________

depositional environment evolves from deep lake (Fig. 4c) to 

fluvial to even alluvial (Fig. 5) as the Altyn Mountains contin-

ued to uplift. Within the overall coarsening upward trend, se-

veral fining upward cycles can be distinguished, starting with 

coarse sandstones or pebble conglomerates when lake level 

was low and grading into fine mudstones and marls with ri-

sing water. Marls occur particularly in horizons with abundant 

hydrocarbon source rocks (Ritts et al., 1999). At the top of the 

fining upward cycles carbonates were often deposited as a 

result of lake high-stands (Huang and Shao, 1993). The thick-

ness of individual carbonate layers varies between a few and 

20 cm, while some layers reach 1.5 m. The Quaternary allu-

vial gravel on top of the section is separated by an angular 

unconformity from the underlying Oligocene sandstones re-

cording therefore, Miocene and/or Pliocene folding of the HSH 

anticline. The missing sediments are due to non-deposition 

and/or erosion as the northern basin was uplifted with uplift 

of the Altyn Mountains (Yin et al., 2008a,b). The northern ba-

sin margin uplifted and the lake withdrew towards southeast 

where the basin remained at relatively lower elevation.

In the following, we document some typical stages of the se-

dimentary facies based on the stratigraphic section shown in 

Figure 5. Representative facies of the whole section are shown

_____
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Figure 5: Lithostratigraphic column of the Hongsanhan Third High 

Peak Valley section (based on Ma, pers. comm. 2003) together with the 

magnetostratigraphy after Sun et al. (2005). T  and T  are seismic reflec-2 3

tors that define the formation boundaries. al – alluvial facies, fl – fluvial 

facies, sl – shallow lake facies, dl – deep lake facies, cl – clay, s – silt, 

f – fine sand, m – medium grained sand, c – coarse grained sand, cg – 

gravel. Stars indicate the location of carbonaceous samples for stable 

isotope analysis, open circles the location of sandstone samples used 
40 39for point counting and or Ar/ Ar dating.________________________

in Figure 4. After an initial stage of subsidence with redbeds 

comprising fluvial sandstones and conglomerates with sub-

ordinate siltstones (Lulehe Formation; Fig. 4a, b), the Xiag-

anchaigou and the lower part of the Shangganchaigou forma-

tions comprise mainly deep lake sediments (Fig. 4c, d) with 

mainly multi-coloured siltstone and marl and some limestone 

layers. The micritic-microsparitic carbonates of the Eocene 

Xiaganchaigou Formation of the Third High Peak Valley are 

within siltstones and are greenish-bluish (Fig. 4d) or beige 

and often marly and they are softer than the carbonates in 

the Fifth High Peak Valley, which lies 8 km further to the east. 

Stratigraphically upwards, the upper part of the Shanggan-

chaigou Formation gradually shifts, starting at ca. 29 – 30 Ma 

(Sun et al. 2005), to a higher abundance of thick packages of 

coarse-grained sandstones (Fig. 4e) representing a coarse-

ning upward cycle. Above an angular unconformity, the sub-

sequent Qigequan Formation is characterized by thick terres-

trial conglomerates and coarse-grained sandstones. These re-

lationships are interpreted to monitor the surface uplift of the 

South Altyn Mountains between ca. 30–29 and 26 Ma super-

imposed by the local shrinking and migration to the southeast 

of the Qaidam lake. The increasing topography documented 

within the coarsening upward cycle is consistent with evidence 

of exhumation of South Altyn Mountains recorded by apatite 

fission track ages, which range from 19 ± 1 to 83 ± 7 Ma (So-

bel et al., 2001).

The Fifth Valley is distant to the South Altyn Mountains and 

exposes a section with mainly fine-grained sediments of the 

Xiaganchaigou Formation, which are in part stratigraphically 

deeper than the deepest level of the Third Valley. In the Fifth 

Valley the dark-grey or greyish-brown carbonates of the Xia-

ganchaigou Formation are more abundant than in the Third 

Valley, extremely hard and when freshly sampled they strongly 

smell of petroleum, representing, therefore, deposits of the ano-

xic basin center facies. In the whole Fifth Valley, and in Oligo-

cene time in the Third Valley as well, limestones are dominating.

40 39Standard laser-fusion Ar/ Ar age determination has been 

performed on three  samples from the southern limb of the 

First High Peak Valley. Sandstones were crushed and white 
40 39mica was separated for Ar/ Ar mineral dating. Two samples 

are from the higher part of the Lulehe Formation and one 

from a large sandstone lense within the conglomerates at the 

lower boundary of the Xiaganchaigou Formation. From every 

sample 10 or 11 handpicked single white mica grains of 250– 

350 µm size have been measured at the ARGONAUT labora-

tory at Salzburg University, Austria with a laser-probe total 

fusion method. The complete procedure from preparation to 

measurement is described in detail in Rieser et al. (2006).

In thin-sections of sandstones, 500 grains were counted in

____________________________________

__

3. Methods

40 393.1 Ar/ Ar mineral dating

3.2 Modal framework analysis
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each using the Dickinson-Gazzi method (Dickinson, 1985) dis-

tinguishing framework constituents (0.063–2 mm) and cement 

or matrix. Framework mineral composition allows the ability to 

distinguish several provenance settings (e.g. Dickinson, 1985). 

Based on Dickinson and Suczek (1979) and Dickinson (1985) 

modal analysis of framework constituents includes: monocrys-

talline quartz (Q ), polycrystalline quartz (Q ), plagioclase and m p

K-feldspar, constituting together feldspar (F) also including 

microcline, lithic sedimentary and metasedimentary clasts (L ) s

and lithic volcanic clasts (L ). L  and L  constitute the lithic v s v

clastics (L) and together with Q  the total lithic clastics (L ). Q  p t m

and Q  make the total quartz (Q ). Furthermore we distingui-p t

shed detrital white mica, biotite and carbonates. Opaques, 

heavy minerals, chlorite and amphiboles were combined for 

this study. Feldspars were, regardless of their degree of alte-

ration, classified as such if they could be positively identified 

due to remnant shapes of uniform extinction.

Well-homogenized whole rock samples of carbonates and 

marls were measured in an automatic Kiel II preparation line 

and a Finnigan MAT Delta Plus mass spectrometer at the Ins-

titute of Geology and Palaentology at the University of Graz, 

Austria (for details, see Rieser et al., 2009). For accuracy 

control NBS-19 and an internal laboratory standard were con-
18tinuously analysed. The standard deviation is ±0.1‰ for δ O 

13and ±0.06‰ for δ C. All results are reported in the δ-notation 

in per mil (‰) relative to the Peedee belemnite standard (PDB).

All the data used in this paper are published in other papers 

with specific foci in the context of the entire Qaidam Basin. 
40 39The Ar/ Ar data of detrital white mica can be found in Rieser 

et al. (2006, 2007), the compositional data of sandstones in 

Rieser et al. (2005) and the stable isotope data in Rieser et al. 

_____________

3.3 Oxygen and carbon stable isotope 

analyses

4. Results

(2009), respectively. The data are summarized and shown in 
40 39Table 1 and Figure 6 ( Ar/ Ar ages), Table 2 and Figure 7 

(modal framework analysis) and Figure 8 (stable isotope ana-

lyses), respectively.

In sample 132A (Lulehe Fm.) the age interval of 420–440 Ma 

clearly dominates (Fig. 6), while sample 133A (Lulehe Fm.) 

shows a concentration of 320–380 Ma ages and only a single 

Early Palaeozoic age. Sample 133C (Xiaganchaigou Fm.) con-

tains three Early Palaeozoic ages (488–522 Ma) and some 

younger scattered ages.

The detrital mode data of sandstones (Fig. 7) can be cha-

racterized as those rocks, which plot in the recycled orogenic 

field (Q -F-L) and the transitional continental and mixed zone t

(Q -F-L ). There is no visible difference in modal framework m t

composition between the three investigated formations.
13Stable isotope data in Figure 8 show large variations for δ C 

values in the Xiaganchaigou Formation of the Third Valley be-

tween –5.5 and –0.3‰ with several rapid positive excursions, 

while samples from the Shangganchaigou Formation vary less 

between –2.7 and –1.6‰. The samples from the Fifth Valley 

section yield lighter isotopic values between –5.5 and –3.7‰ 
18with one excursion to –1.4‰. The δ O values for the Third

__________________________________

_______________________________

_____

Table 2: Normalized sandstone composition data from the Hong-

sanhan anticline. Samples are in stratigraphic order. The complete da-

ta can be found in Rieser et al. (2005). S: Shangganchaigou Fm.; X: 

Xiaganchaigou Fm.; L: Lulehe Fm._____________________________

Figure 6: 40 39 Ar/ Ar ages of white mica total-fusion analyses from 

the Hongsanhan First High Peak Valley (for details, see Rieser et al., 

2006). Dashed columns give the number of measured grains between 

0 and 5. In sample 132A 6 grains show the same age (wide-spaced 

dashed line marks 5 samples). Solid lines show the cumulative proba-

bility. Samples 132A and 133A are from the Lulehe Fm., sample 133C 

is from Xiaganchaigou Fm.___________________________________
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Table 1: 40 39 Ar/ Ar results from total-fusion analyses on detrital white mica single-grains from the Hongsanhan First high Peak Valley.___________

Valley range between –8.4 and –5.2‰ with several positive 

excursions in the lower part. In the limestone dominated part 

in the Shangganchaigou Formation values vary within two per 

mil (–8.4 to –6.6‰). In the Fifth Valley δ O values range from 

–3.9 to –7.5‰.

The Hongsanhan area derived its detrital material generally 

from the Altyn Mountains in the north. In the Altyn Mountains, 

ages in the 350–450 Ma range are well-documented in the 

metamorphic and granitic basement (Fig. 9). In particular, this 

age group, interpreted as cooling ages, dominates the base-

ment rocks of the Xorkol area (Jolivet et al., 1999; Sobel et al., 

2001; Gehrels et al., 2003a), which lies on the northern side of 

18

______________________________________

5. Discussion

the Altyn fault, northeast of the HSH anticline. Our analyzed 

detrital mica grains have preserved similar cooling ages (coo-

ling below ca. 425 °C) with little to no indication of subsequent 

reheating above the minerals’ closure temperatures. When a mi-

neral is heated above closure temperature it starts to lose argon. 

In such would be the case, stepwise-heating analysis would 

yield a staircase-pattern with young ages at low experi-mental 

temperatures and older, possibly original, ages in high tempe-

rature steps. Such overprint can happen during deep burial or 

thrusting. In another study (Rieser et al., 2006, 2007) we con-

cluded through our single-grain step heating experiments that 

Qaidam samples show no significant tectonothermal overprint 

after deposition and therefore simple single-stage tectonother-

mal, likely cooling histories in the respective source regions._
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40 39Figure 9 shows a geographic distribution of published Ar/ Ar 

and U/Pb ages from crystalline basement rocks north of the 

HSH area. Most of the small magmatic bodies in the surroun-

ding hinterland of the Qaidam Basin are undated. However, 

based on previous geochronology, we can assume that they 

are either Mid-Palaeozoic or Mesozoic in the South Altyn base-

ment exposed to the north of the HSH anticline, such as some 

of the already dated bodies (Delville et al., 2001; Sobel et al., 

2001). Even though the source region for the dated HSH sedi-

ments has not remained constant with time because of strike-

slip displacement along the Altyn fault, no change in the appa-

rent detrital signal could be observed. This is particularly im-

portant for evaluating the source-sink relationship between the 

Palaeozoic belts in the North Altyn Mountains and the Qaidam 

Basin. Age groups from Eocene to Oligocene samples of the 
40 39HSH First Valley show single-grain Ar/ Ar total fusion ages 

close to 450–500 Ma or even older, which are not known from 

the South Altyn Mountains, but from distinct regions northwest 

of the Xorkol basin within the North Altyn Mountains (Chen et 

al., 2003; cf. Fig. 9). We tentatively suggest an origin for these 

mica grains from the North Altyn Mountains. This is consistent 

with the observation that the South Altyn Mountains were up-

lifted during Early Miocene (e.g. Jolivet et al., 2001) success-

ively forming a barrier and interrupting direct drainage from 

the North Altyn Mountains into the Qaidam Basin.

Although variable climatic conditions have been reconstruc-

ted for the Cenozoic (Wang et al., 1999), there is no shift in 

petrographical composition revealed in the sandstones from 

the HSH area (Fig. 7). During the Early Eocene, the Qaidam 

__________

Figure 7: Triangular discrimination diagrams of sandstones from 

the Hongsanhan anticline. Black dots: Shangganchaigou Fm.; open 

circles: Xiaganchaigou Fm.; open squares: Lulehe Fm. a) Framework-

grain assemblage Qt-F-L. b) Framework-grain assemblage Qm-F-Lt. 

Fields of various tectonic settings are from Dickinson (1985)._______

Basin subsided and subtropical conditions prevailed (Li, 1996). 

These conditions developed during deposition of the Xiagan-

chaigou Formation in the Middle Eocene when India-Asia col-

lision (Harrison et al., 1992) and intracontinental convergence 

of India and Tibet started (Li, 1996) also involving the Qaidam 

block.

As for the composition of sandstones, our petrographic re-

sults plot into the recycled orogen field (Q -F-L), as expected t

because of the nature of the hinterland geology. Sediments in 

foreland basins are derived from nearby uplifting ranges and 

thus texturally and compositionally immature (Robinson et al., 

2003) and therefore plot into the recycled orogen field in discri-

mination diagrams proposed by Dickinson and Suczek (1979). 

Even if hinterland geology changes through time, as long as 

the mineralogy of rocks in the hinterland stays the same, no 

changes can be observed in sandstone composition. In our 

study area, granitic bodies and basement gneisses have vari-

able ages but had a similar mineralogical composition.

Liu et al. (2007) and Guo et al. (2006) did additional prove-

nance studies on sandstones from the Third Valley section. 

They report a significant shift from the Xiaganchaigou Forma-

tion to the Shangganchaigou Formation shown in increased 

amounts of lithic clasts. In their study, they counted only 200 

grains, which is virtually not sufficient in these rocks with mini-

mum 20 percent matrix (Rieser et al., 2005). In such matrix-

rich rocks, pseudomatrix could be formed by, e.g., decomposi-

tion of feldspar to clay minerals looking like lithic components.

The study of stable isotopes provided further indications of 

basin-scale tectonic and climatic changes. We sampled the 

southern limb of the anticline in the Third Valley and the nor-

thern limb in the Fifth Valley, which represents a “downward” 

extension of the Third Valley section (Fig. 8) with a probable, 

but small hiatus. An anoxic local depression in the Fifth Valley 

region could explain the difference in carbonate lithology of 

the two sections. A salinity gradient could also cause such 

differences (Zhang et al., 2003). The HSH Fifth Valley section 

further underlines the trend towards heavier carbon composi-

tion in the Xiaganchaigou Formation. One small negative iso-

topic excursion with an oxygen value of –7.5‰ might be due 

to, for example, cooler climatic conditions. A positive excur-

sion is observed for both carbon and oxygen isotopes to –1.4 

and –3.9‰, respectively at the lower end of the section. Fur-

ther interpretation of these data remains open, as we have no 

further age constraint for this event or a comparative section 

within the Qaidam Basin.

If fine-grained carbonate rocks represent an expansion of 

the lake area and a deepening of the lake, significant chan-

ges in the lake level took place once every several thousand 

to more than two million years (Huang and Shao, 1993). With-

in the Third Valley section, which is characterised by synchro-
13 18nous positive δ C and O peaks, a cyclic pattern of 1 to 3 

m.y. duration can be observed. Incomplete records and the 

availability of carbonate occurrences make it difficult to esti-

mate the exact length of these and probably much shorter cy-

cles within single carbonate beds. Excursions may be related

______

_____________________________
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Figure 8: Stable isotope data for the Hongsanhan area. a) Stable isotope results for the Hongsanhan Third Valley are shown together with a 

recent magnetostratigraphy (Sun et al., 2005) and a simplified stratigraphic column (Ma, pers. comm. 2003) together with global oxygen curves (Lear 

et al., 2000; Zachos et al., 2001). b) Data from the Fifth Valley, which are believed to represent a downward continuation of the Third Valley section, 

but with a small missing interval.______________________________________________________________________________________________

to arid to semi-arid conditions, which are also supported by 

the presence of anhydrite matrix in sandstones from boreholes 

in the Eocene Xiaganchaigou Formation (Rieser et al., 2005). 

Interestingly, Sun et al. (2009) report Palaeogene limestone 

and gypsum layers from the central Tarim Basin indicating, to-

gether with our data, widespread aridification. Repeated thin 

layers of coarse sands within the carbonates indicate short

events of increased precipitation – either directly in the basin 

or in the adjacent mountains – which interrupt the general dry 

phase. The interfingering of these various deposits at the basin 

margin shows that the lake in the Qaidam Basin was not in a 

steady state but had a variable history with many shrinking 

and growing phases and local depressions.

The oxygen compositions show variable but progressively de-

______________
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Figure 9: Geological map of the basement rocks in the Altyn Mountains north of the Hongsan-

han anticline, showing published crystallization and cooling ages in Ma of magmatic units (Jolivet et 

al., 1999; Sobel et al., 2001; Gehrels et al., 2003a).________________________________________

creasing values from Eocene to Ear-

ly Oligocene, i.e. from the Xiagan-

chaigou to the Shangganchaigou 

Formation (Fig. 8). As there are no 

major changes in the sedimento-

logical record for this period, we 

conclude that rather environmen-

tal changes were responsible for 

the observed shift. We interpret the 

stable isotopic composition trend to 

indicate progressively cooler and/or 

wetter conditions, both factors cau-

sing lowering of the oxygen isoto-

pic composition of carbonates. Du-

ring Eocene to Oligocene, beside 

the global cooling trend (e.g. Lear 

et al., 2000; Zachos et al., 2001), 

the Qaidam Basin was characteri-

sed by northward drift (Wang et al., 

1999). Therefore, the decreasing 

values of the oxygen isotopic com-

position are presumably related to 

cooling in higher latitudes or also 

higher altitudes due to convergen-

ce within the growing Tibetan pla-

teau. Continental carbonates, in 

contrast to the marine ones, show 

generally lower isotopic values as 

temperature decreases (Hays and Grossman, 1991).

As the Eocene carbonates have a higher organic content 

than the Oligocene carbonates, the shift towards heavier iso-

topic composition observed for this interval cannot be related 

to increasing productivity. The sedimentary facies show increa-

sing terrigenous input from the Xiaganchaigou to the Shang-

ganchaigou Formation, which is also indicated by the change 

from limestone- to marl-dominated lithology (Fig. 8). A better 
13explanation for the observed trend to higher δ C within the 

Oligocene, would be an increasing proportion of dissolved in-

organic carbon transported by the inflowing waters or increa-

sing aridity in the surroundings of the lake and thus a decrea-

sed contribution of soil derived CO  (Leng and Marshall, 2004; 2

Bade et al., 2004).

The strongest uplift of the Himalaya-Tibet system was asso-

ciated with a climate change (An et al., 2001) reflected in ex-
13tremely variable δ C values starting with a positive excursion 

followed by a negative one at ca. 24 Ma in our record. Kent-

Corson et al. (2009) found a similar change in many sections 

along the northern margin of the Tibetan plateau. Recently, 

Ritts et al. (2008) found early Miocene marine fossils at the 

northern margin of the Altyn Mountains, which are demonstra-

ting the main period of surface uplift in the Altyn Mountains 

has occurred since that time.

Detailed investigation of the sedimentary succession expo-

_______

___________________________________

__________________________

6. Conclusion

sed in the HSH anticline allows resolving the tectonic evolu-

tion and source-sink relationships between the northern Qai-

dam Basin and the South Altyn Mountains. Eocene coarse-

grained clastic sediments record a proximal source although 
40 39the Ar/ Ar age distribution of detrital white mica gives infor-

mation on a distant source now exposed to the north of the 

Xorkol basin in the northwestern North Altyn Mountains. Toge-

ther, coarse clastics and age patterns allow to demonstrate 

an Eocene juxtaposition of this specific source and the Qai-

dam basin fill now exposed whithin the HSH anticline, and a 

post-Eocene sinistral offset along the Datonggou and Altyn 

faults. The Late Eocene to Early Oligocene Xiaganchaigou 

and lowermost Shangganchaigou formations record lake-level 

high-stand and only distant sources excluding a basement 

high to the north of present-day HSH anticline at that time. A 

coarsening upward depositional cycle started at ca. 30–29 Ma 

and indicates onset of uplift of the South Altyn block. Modal 

analysis of samples in this study yields neither tectonic nor cli-

matic information because mineralogy remained similar in the 

source area over time. Also the depositional area lies close to 

the basin margin, thus no transport effects are visible. Stable 

isotopes yield, despite the incomplete record, some climatic 

information that fit or depend on the tectonic situation at the 

northern margin of the Tibetan plateau.
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