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Abstract

In the Mesozoi€Cenozoic continental deposits of the Mi&han area, two main levels containing
pedogenic carbonates have been identified on both the southern and northern foothills of the range:
one in the Upper Jurassic series and one in the Upper Cretacéouser Padeocene seriesin order

to reconstructthe pabeo-environmental and pako-topographic characteristics of the Tian Shan
area during these two periods, we measured the oxygen and carbon isotope composition of these
pedogenic carbonates (calcrete and nodules). The stable isotope compositiol®rameneous:

most &0 values are between 21 and 25 and most &C values are between4 and-6: . No
distinction can be made between the calcrete and nodule isotopic compositions. The constancy of
isotopic values across the Tian Shan is evidence of a development of thefieatin features in
similar padeo-environmental conditions. The main inference is that no significant relief existed in
that area at the Cretaceous Pabeogene boundary, implying that most of the present relief
developed later, during the Cenozoim hddition to the pedogenic carbonates, few beds of

limestones interstratified in the Jurassic series of the southern foothills display oxygen and carbon
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isotope compositions typical of lacustrine carbonates, ruling out brackish water incursion at that

period in the region.

Keywords: pedogenic carbonatestable isotopes Mesozoic plaesenvironment- Tian Shan

1. Introduction

Calcification is a ubiquitous phenomenon that occurs in a large variety of geological settings
including limestone diagenesis@pontinental weathering. In continental environments, under semi
arid conditions, the interaction between meteoric waters or groundwaters and sedimentary rocks
commonly leads to pedogenic calcificatiga.g. Wright and Tucker, 1991; Alor&arza, 2003;
Hasiotis et al., 2007)The resulting calcareous teiges correspond to the soalled calcretes and
occur as isolated nodules or rather continuous levels of carbor&etallack, 1997; Wright, 2008)

The oxygen and carbon isotope composition of suchfoemed carbonates provides information on
the palaeoenvironments within which they precipitatefe.g. AlonseZarza, 2003)indeed, while the
oxygen isotope composition of these carbonates depends upon processes taking place in the soll
ground water system, such as evaporation, it is also function ofctmposition of the meteoric
water. The latedepends on the alaeclatitude and the plaecaltitude of the area, as well as on the
distance to the ocean from which the atmospheric masses are derived. In a specific region, any
variation in the &0 value of the carbonates through time may thus foe,example, a consequence

of the climatic evolution. At a specific stratigraphic level, geographic variatior@©fmay relate to

the existence of a significantafaeotopography(e.g. Garzione et al., 2000n a similar way, the
carbon isotope composition of continental néormed carbonates depends on dlsourceof the
carbon in the region, which relates to the relative abundance of catlearing rocks€.g. marine
carbonates) over available organic carbon. The former h&@ values close to :QJwhereas the
secondsourcehas very negative values, close-85: (} & E }v E]A-typé@ants aind

ifi: (E}u-ty@e ones. The&GCsignal carthus potentially be related to the geology of the area,

the palaecflora itsef partially controlled by the @laecclimate(e.g. Pustovoytov, 2002)

In NorthWest China, the intracontinental, easiest oriented Tian Shan Range (Fig. 1) provides
spectacular outcrops of BsozoieCenozoic clastic sediment series. During fieldwork, we recognized
several occurrences of calcretes and nodules throughout these series, especially in the Upper

Mesozoic and Lower Cenozoic deposits. A strong aridification occurred during Latéec Jiotssing
2
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the progressiveappearance of dry seasons since the late Early Juragsig. Allen et al., 1991,
Hendrix et al., 1992; Eberth et al., 2001, Li et al., 2004; Ashraf et al;,R@i@t al., 2012 Since this
period, arid to semarid climae has been predominant in the Tian Shan afeg. Allen et al., 1991,
Hendrix et al., 1992; Li et al., 2004; Sun and Wang, 2005; Jiang et al., 2008)

Since the late 1970s, the Cenozoic tectonic development efréimge and its foreland basins has
been widely studiede.g. Tapponnier and Molnar, 1979; Windley et al., 1990; Allen et al., 1991,
Herdrix et al., 1994; Charreau et al., 2005, 2009, 2012; Jolivet et al.,.20ntrast, the Mesozoic
evolution of the Tian Shan area is still largely debated (Jolivet et al., 2013), despite some efforts to
reconstruct the sedimentary depositional envimments (e.g. Hendrix et al., 1992; Li et al., 2004;
Eberth et al., 2001; Vincent and Allen, 2001; Sha et al., 2@é4)plaectopographic evolution
(Dumitru et al., 2001; Jolivet et al., 2010; Yang et al., 2013; D. Liu et al., 2013; Yang et al., n.d. in
press)andthe palaeoclimate(e.g. Hendrix et al., 1992, 1994; Hendrix, 2000; Eberth et al., 2001; Li et
al., 2004; Ashraf et al., 2010; Bian et al., 2018) this paper, we provideew isotopic data on
pedogenic carbonates (calcrete and nodules) and limestone beds in order to improve our

understanding of the general evolution of the area from Late Juras&iaty Rlaeqgene.

2. Geological setting

The Tian Shan is a large mountain belt extending in Central Asia through Kyrgyzstan,
Kazakhstan and NortfWest China (Fig. 1a). This range is surrounded by several basins among which
the Junggar Basin to the nortind the Tarim Basin to the south (Fig. 1b). In the central part of the
Tian Shan, several intramontane basins are preserved such as the Yili, Bayanbulak and Turfan basins
(Fig. 1 and 2). The Tian Shan Range is limited by large crustal thrusts vergimgrbiththe north
and southward in the south towards the Junggar and Tarim Basins respectively (Fig. 1b). During the
Palaeoic, several accretion events gave rise to an important topography thatpvaagessively
eroded from Middle Triassic to Middle Jasic (e.g. Dumitru et al., 2001; Li et al., 2004; Jolivet et al.,
2010; 2013; Yang et aRP13; S. Liu et al., 2013)he presenday topography formed later, mostly
through the Cenozoic reactivation of Lat@l&aoic tectonic structures, driven by the fheld
effects of the Indi@Asia collision ever(e.g. Tapponnier and Molnar, 1979; Windley et al., 1990; Allen
et al., 1991; Hendrix et al., 199&lorie et al., 2010; De Grave et al., 2011, 30¥@hereas the
presentday topography is believed to have developed since Late Oligockhecene(e.g. Charreau
et al., 2005, 2009, 2012ncertainties remain about the topographic evolution of the range during
the Jurassie Early Rlaeayene period. For example, while leélvermochronoloy data suggest a long

3
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tectonic quiescence during most of the Mesozoic leading to very slow and constant exhumation
within the range(Dumitru et al., 2001; Jolivet et al., 2010; 2013pper Juassic alluvial fan deposits
exposed in the foothills are interpreted as the consequence of a compressive reactivation of the
range(Hendrix et al., 1992; Li et al., 2004 this context, the present study on calcretes and nodules

provides independent information on theafaecatopographic evolution of the area.

3. Field work and samples
3.1 Field description

Throughout the area, we recognized several calcareous fea(gadsretes and nodules) at
distinct stratigraphic levels (Fig. 2). Very few dg#a are available due to the lack of clear marine
deposits, the scarcity of interbedded volcanic levels and the very limited available palynological and
faunistic data(e.g. Wang and Gao, 2012; Yang et al., 20M&\vertheless regional sttigraphic
correlations can be made using available geological maps and the stratigraphic columns presented in
published palynoflora and vertebrate studiésg. Eberth et al., 2001; Bian et al., 2010; Jiang et al.,

2008 Heilbronn, 2014 as well as our own observations.

Below is a short description of the stratigraphy and the inferred associated depositional
environments (Heilbronn, 2014) The presentlay semtarid climate of this region offers excellent
outcrops preservation and exposure. In the northern foothills, from west to east (Fig. 1), the Wusu
section exposes 1650 m of Middle Jurassic to Upper Cretacedigs,sie Manas section exposes
8100 m of Triassic to Neogene series and the Qiu Er Gou section exposes 55 m of late Upper
Cretaceous deposits. In the Bayanbulak intramontane basin (Fig. 1), 620 m of Jurassic to Neogene
series are exposed, the stratigraphcontinuity of which remains questionable. Finally, in the

southern foothills, the Yaha section provides 2800 m of Jurassic to Neogene deposits.

The Mesozoic series of the Tian Shan area are constituted of continental deptesitrix et
al., 1992; Li et al., 2004; Jiang et al., 2008; Li and Peng,. J0E3e series are mainly composed of
stream and alluvial plain deposits (few deeires to a few metrethick grey and red sandstone
beds) alternating with floodplain or lake deposits (clays and siltstones). Thick conglomerates which
deposited in an alluvial fan environment are exposed at the end of the Upper Jurassic and the Upper

Crdaceous series (Fig. 2).
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Calcareous features are mainly recognized at two intervals: the late Middle Jurassic to Lower
Cretaceous and the late Upper Cretaceous &afaene. The most continuous level of nfsymed
carbonate is located in the lateThis alcrete consists of a several metres thick indurated and white
layer, parallel to the bedding and laterally continuous over tens of kilometres (Fig. 3a). The calcrete is
commonly associated with conglomeratic beds (host rock), consisting in rmapported
conglomerates with suangular to sukrounded pebbles (Fig. 3b). Carbonate nodules are white,
crumbly to highly indurated, spherical to elongated concretions of micritic carbonate (few
centimetres in diameter), and either occur as disseminated bodiesdrsilty to sandy levels or form
coalescent beds. Such a feature is classical for pedogenic carliseat&ig. 3E in Li et al., 2013n
several locations, one can observe a vertical transition from a zone enriched in nodules towards the
massive calcrete Yeer (Fig. 3c); both features thus likely represent two stages of calcification,
complete for calcrete, incipient for nodules. Processes controlling the formation of massive calcretes
are still discussed and it is likely that both phreatic and pedogenicegs®s are involved (e.qg.

Wright, 2008 and references therein).

Moreover some limestone beds occim the silty to sandy alternationsf the late Middle Jurassic
continental series of the Yaha section (Fig(e2y. Jiang et al., 2008)hey are white to dark grey in
colour, several centimetredo several decimetrethick and rather continuous laterally (Fig. 3d) and
often show evidence of biotbation (burrows). Middle Jurassic brackish water incursions have been
inferred along the southern margin of the Junggar BéSimen and Zhay 2000; Sha et al., 2011; Pan
et al., 2013) We thus analsed those limestone beds in order to check their possible marine origin
even if they are interbedded with sediment series described as continental depdsitsliix et al.,

1992; Sobel,1999; Jigret al., 2008).

3.2 Sampling strategy

The recognition of nodules and calcrete layers in several places throughout the Tian Shan
Range and their localization in the same stratigraphic levels (Upper Jurassic, Upper Cretaceous) offer
a unique opportunity tospecify the plaectopographic evolution of the area during the late
Mesozoic. Every observed type of carbonated pedogenic feature has been sampled. Samples were
first collected along a nortouth transect across the Tian Shan, mostly focusing on thea$jan
Bayanbulak and Yaha sections. For the Upper Cretaceous level, five to six samples have been
collected from each section (Table 1; Fig. 2). When the calcrete and nodules were present together
in a single site, both were sampled as they might have fdromeder distinct pedogenic conditions,

5
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even if some continuity between the two types of objects has been locally observed (Fig. 3c). For the
Jurassic period, the sampling is not fully complete since calcification has not been observed in the

Bayanbulak séion and is only poorly developed in the Manas and Wusu sections.

On the northern foothills, six samples were also collected from the Qiu Er Gou section only
20 km east of the Manas section (Fig. 1). Calcification in these two-lnjosites is located ithe
Upper Cretaceous series and likely developed under identical climatic and topographic conditions.
They thus allow specifying the isotopic heterogeneities solely associated with the calcification
processes. For example, evaporation can induce kinefectsfthat modify the &0 signature of

pedogenic carbonate@Jfnar et al., 2008 and references therein)

Finally, several late Middle Jurassic limestone beds have been sampled on the Yaha section
(Fig. 3d) both in order to confirrar infirm their suspected lacustrine origin using the isotopic tool,
and to use their isotopic composition as a complementary proxy &vagmenvironmental

reconstruction(e.g. Li et al., 2013)

3.3 Sample description and preparation

A total of 32 fist-sized samples have been collected (HJ. Calcrete samples consist of
conglomerates in which the matrix has been cemented by-foemed calcite (Fig. 4a). Figure 4a
shows white calcite cemerthat precipitated around the pebbleshis cemenhas been sampled by
scraping or micralrilling and educed to powder for isotopic analysis. Since the conglomerates
contain some detrital fragments of carbonate rocks, special care was taken to avoid contamination of
the sampled powder by pebbiderived carbonate. In one sample of the Manas section (saivigle

11-3; Table 1), three types of ndormed carbonates were observed and sampled: calcitic cement
(fraction A), a few millimeters wide veinlets (fraction B) and millimetric geodic calcite grains (fraction

Q).

Nodule samples consist of nearly pure Heomed calcite, sometimes easily extracted from their
sandy to silty host rock (Fig. 4b). These nodules were crushed aridmeed calcite was separated
by handpicking from remaining small detrital grains. For both the calcrete and nodule samples, the

separded calcite was then crushed in a boron carbide mortar before analysis.
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Limestone samples sometimes contain some detrital materials, but no pebble was observed.
Centimete-sized fragments of limestones have been detached from the samples, crushed in an

Abiche mortar, then in a boron carbide mortar to get a finely grained powder.

4. Analytical techniques

The stable isotope analysis was performed at the stable isotope laboratory of Geosciences
Rennes, University of Rennes 1. About 12 mg of calcite powder ltesn reacted with anhydrous
H:PQ for a few hours at 50°C. The liberated.,@@s analged on a VG Optima triple collector mass
spectrometre. Routine analysis of-ilouse standard (Prolabo Rennes) and international standards
NBS 18 and NBS 19 ensures eacy of the results. The global precision is estimated at +:0.1d¥
oxygen (SMOW) antl 0.10: for carbon (PDB)sotopic results are reported using the conventional
"delta" notation in Table 1 and summarized in Figure 5, where they are compared witfralatshe

literature.

5. Results

In Table 1, for the Qiu Er Gou section where calcrete and nodules have been collected in
nearby horizons, there is no significant isotopic difference between the two facies. These two

components are thus not distinguish@dFigure 5a.

The analtical dataare rather clusteredour data shown in black and grey &ig. 5),with
some points lying outside of the main fielfihe data for calcrete and nodules are shown in Figure 5a
and those for limestones in Fig. 50n the Mana section, the lowest&O value (19.2 ) was
measured for the geodic calcite (sample MC-31] see Fig. H5a suggesting that this calcite
developed under physicochemical conditiadtistinctly differentfrom the ones prevailing during the
main calcificatiorevent. On the same section, thelBeayene nodule MC t8E[6 (see Fig. 5ap
somewhat different from the others, displaying low&fO (20.4« v &C(-0Xi:+ A oQn #é
Yaha sectionthe two Jurassic nodules (YASEBRB9 and 41 see Fig. Sadispay extreme GCvalues,
respectively 0f7.6 and-1Xi: X ~Ju]jo EoCU 3Z >}A E E -6HIMsee FigiBas~z

-

[—

also distinguishable from the Upper Cretacedusower Rlaeaene calcrete by highe&’O (24.6: )

and &C (2.98: ) values.On the Yaha sectignwhile the calcrete displays homogeneous isotopic
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compositions, the nodules show wider isotopic ranges and only #i@eBjene nodule YA 13ED

19A(see Fig. 5ahows a compaosition identical to that of the Yaha calcrete.

However,in spite d these differencesthe Upper Cretaceous Lower Rlaeqene calcrete
and nodules of the Tian Shdlisplay rather homogeneousxygen and carbon isotope compositions,

irrespective of the sampling sitEluctuations are small in comparison to the range o$gible values.

Indeed,most of theUpper CretaceousLower Palaeogene calcrete and nodu0 values
are between 21 and 25 (SMOW), while most of th€5’C values are betweed and-6: (PDBYFig.
5a). On the other hand, the Tian Shan calcrete and msddiffer overall from other calcretes in
China (Early Cretaceous in adé;et al., 2013y lower &C values and more homogeneous

compositions.

Finally, the Middle Jurassic limestone beds from the Yaha section have highly variable oxygen
and carbon isotope compositior®0 A op « & §A v i6(SMOWRENd BCvalues are
between-3.5 and +3.1 (PDB)well outside the field of unaltered marine limestones (Fig. 5b). When
compared to the lacustrine limestones analysed by Li et al. (2013), the values obtained in the Yaha
limestones fall within the field of the SE China and NW China data. We rtarprét those

limestones as lacustrine deposits.

6. Discussion

The stable isotope dataset presented here allow us discussing several characteristics of the
palaecenvironmental evolution of the Chinese Tian Shan. Indeed, the isotope compositions of the
pedogenic carbonates formed in equilibrium with soil or ground water are believed to record a
significant part of the original signature of the water, which is itself influenced by several
geographical and morphological parameters: continentality, latitwdhel altitude. Consequently,
besides climatic evolutiomany topographic changes across space or through time will induce an

evolution in the isotopic record.

The Yaha section provides a record of calcification conditions in both the Late Jurassic and
the late Cretaceous Early Rlaemene times, which hefpdiscussing the evolution of the southern
foothills during the Late Mesozoic. The peguisite of such analyses is that calcification developed
soon after sediment deposition. Although there is no intdarafor this in the Tian Shan, the nodules

were often found in close association with the calcrete (Fig. 3c) and were thus very likely developed

8
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close to the surface. Only the small geodic calcite with an oxygen isotope composition distinct from
the whole nodule and calcrete population (sample MC-34) obviously developed in association
with some diagenetic event, after the main calcification phase. This shows that the diagenetic
circulations that occurred in the series induced isotopic deviation strorayigh to be recorded in

our data. To a first order, excluding these dédae sample MC 13A) it is thus reasonable to discuss

the Late CretaceousEarly Rlaegene @mlaecoclimatic and plaectopographic characteristics, using
calcretes and nodules thateveloped at this stratigraphic level. Finally, some aspects linked to the

process of calcification itself can be discussed.
6.1 Isotopic variability within a calcification site

As previously mentioned, numerous processes can influence the isotopics\waipedogenic
carbonateg(e.g. Ufnar et al., 2008; Charreau et al., 2012; Li et al., 20ti&@pendently of the initial
composition of the meteoric waterSome effects are related to the hydrological conditions
(evaporation, respiration, seasonality) and influence the oxygen isotopic record. Others are linked to
the nature of the plaecflora and the relative amount of organic carbon over inorganic carbon
hosted in limestonesvhich are mostlyof marine origin. It is far beyond the scope of this study to
discuss the impact of each of these processes on the isotopic composition of the nodules and
calcrete that we measure(the reader is invited to refer to thextaustive discussion developed in
Ufnar et al., 2008; Charreau et al., 2012; Li et al., 20b8)ead, we sampled two neighbouring sites
(the Manas and Qiu Er Gou sections) in the northern foothills in order to specify the range of isotopic
heterogeneity associated with the calcification processesunstudy areaThe range of alues of
the Qiu samples are 21.4 to B4. (&0) and-4.29 t0-6.14: (&0, while the rage of the Manas
samples are 19.2 to 25: (&0) and-3.75 t0-6.08: (&Q). We consider these ranges as quite

comparable.

Each site displays a similar rarige®’0 values for the Upper Cretaceousower Rlaeogene
T v TAXi: (JE& 8Z D v e ]88 U BSA v iiXa
the Qiu Er Gou site; Table The &Cvalues are also comparablé{Cbetween-3.7 and-8 X8: (} E

calcrete and nodule60  SA v

the Manas site, betweemt.3 and-0 Xi: (}E $Z G site)Hhe carbonation processesingat

both sites were thus nearly identical, inducing comparable isotopic heterogeneity.

Also, some neo-formed carbonates display specific isotopic compositions in relation to
original textural characteristicsThe most obvious one is the geodic calcite that developed in the
calcrete of the Manas section (MC-3A). This calcite has &0 of 19.2: which islower than that

oneof its calcrete hosta2.2:+X dA} u Jv ( §}E. B0 yduabf atbonate. First the
9
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formed. Seconly, the isotopic fractionation is inversely correlated with temperature. Assuming a
constant &0 value of the water from which precipitation occurred, a higher temperature of
precipitation during the formation of the geode could result in a low®0 value ofthe calcite. We

favor this second hypothesis for two reasons. Birsbwering the &0 value of the original meteoric
water would imply a drastic change ilpecclimate or palao-environmental conditions between

the calcrete stage and the geodic stageset of conditions that should be recorded by other proxies
like the sedimentological record itself and in neighbor areas of Central Asia, which is not the case
(e.g. Li et al.2004) Seconty U E +« }( i: @O ¥aue of calcite corresponds to an
increase of the temperature of calcite precipitation of aboutI®?C: if calcrete precipitated at 20°C,
which corresponds reasonably to pedogenic carbonation conditions, the geode may have
precipitated at about 385°C. This temperature increase may correspond to burial of the series of a
few hundreds of metres within a normal geothermal gradient, a burial that actually occurred in the
area during the Cenozoic. Therefore, the geodic calcite developed under latendiimgeonditions

rather than under early pedogenic ones.

6.2 Temporal evolution on the southern foothills (Yaha section)

Along the Yaha section, the calcification features formed merely during the Late Jurassic and
the Late CretaceousEarly Rlaegene.These pedogenic carbonates suggest that both periods were
characterized by a similar seiaiid climate(e.g. Hendrix et al., 1992; Li et al., 2004; Sun and Wang,
2005) Moreover, the oxygen isotope composition of the Aieomed carbonates is comparable: from
212t0226 (}E& S$Z :p@RdSfeH}u 1iX0 S} 171X0: (}@lagdene, ®@hich isNagain
consistent with similar climatic conditions. In fact, the Late Cretaceous samydl2-€HIM1 displays
a0 A ou ~18X0:e *0]PZ80C }A §Z A% IEvezordy oneusaple for this
intermediate stratigraphic level, we can hardly consider this single value as representative of a
regional m@laeoenvironmental event. It remains thathe homogeneity of the stable isotope
compositions of the calcification features studied here may irtdi¢ghat our samplesunderwent
comparable imsitu processes such as evaporation. This homogeneity also ssgipedt the
composition of the rainwater, and by inferen@dso the fundamental parameters evaporation,
continentality, latitude and altitude werelikely comparable in the Yaha region for the Late Jurassic

and Early Blaeagene periods. In other wordshased onour isotopic data no major glaec
10
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geographic changes occurred during this periiodhe Yaha regioficonfirms earlier data published
by Li et al., 2004)i.e. no significant topographic variations occurred either by relief building or
destruction. Furthermore, the transgression of the ParatgshSea from the West into the Tarim
Basin during the Late Cretaceoys.g. Sobel, 1999had no influence on the conditions of

development of pedogenic carbonates in the Yaha section.

In the Yaha region, the isotopic compositions of the Middle Jurassic limestones arentiffe
from those of marine limestones of the same agésewherein the world (Veizer et al., 1999)Fig.
5b). It could be argued that these limestones were originally marine and that subsequent diagenesis
affected their primary compositions, as d¢wn for many carbonate platformge.g. Brigad et al.,
2009) However the fact that &C of the limestones is highly variable and that t82C values are
not correlated with the &0 values, does not plead for such a diagenetic modification of marine
limestones. Indeed, the®’0 values of the limestones ranging between 18 and 23he lage &C
variation with both positive and negative values and the lack of correlation between the oxygen and
carbon signatures areommon featureof lacustrine carbonatege.g. Li et al., 2013 and references
therein). These authors provided a very detailed discussion on the use of these isotopic signatures in
terms of mlaecenvironmental reconstructions.nlthe present work, it would be hazardous to
develop such a discussion because of the rather small number of isotopic data. Our inference that
the limestone beds are lacustrine is consistent with the silty to sandy continental nature of the series
in whichthey are interbedded(see field desription above and in Hendrix et al., 1992; Sobel, 1999;
Jiang et al., 20Q&eilbronn, 2014

6.3 Ralaeotopography during the Late CretacecUsarly Rlaeayene period

We have analysedatrification features in three Upper Cretacecusower Rlaeaeneseries
in the north, the south and within the Tian Shan Ran@errently there are two first order
differences between the northern and southern sides of thage (Charreau et al., 2012}) the
cumulative meteoric precipitation rate is mudtigher on the northern sidei.e., between 100 and
250 mml/year in the southern Junggar Basin than on the southern side of the Tian.Bh&ss than
40 mm/year in the Tarim Basin, an)itBe mean &0 value of meteoric water is lower tha@: }v

the northern side and higher than this value on the southern side. If a significdaeptopography
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existed during the Late CretaceouEarly Rlaeagene period, such an isotopic gradient in meteoric

water compositions likely existed and should have been ein pedogenic carbonates.

From the lithological point of view, our field observation showed that calcrete features
developed mainly in conglomerates, i.e. on rocks with comparable porosity and permeability
properties. Also, a senairid climate prevaild over the whole study area in order to develop
pedogenic carbonates (e.g. Hendrix et al., 1992). It is then reasonable to think that the prominent
variable that could have been recorded by the carbonates developed in the Upper Cretaceous
Lower Rlaemere series, is the initial isotopic composition of the meteoric water, a property that
depends primarily on the origin of atmospheric maséeg. Charreau et al., 2012n Table 1 and
Figure 5, there isno significant isotopic difference between the Upper Cretaceeulsower
Palaegyene pedogenic carbonates of the northern, central and southern parts of the presgnt
Tian Shan Range. The interpretation that immediately comes out is that the meteoricswedee

identical in the three regions.

The easier way to reach identical values is to consider that these meteoric waters originated
from the same oceanic reservoir and underwent the same atmospheric evolution. The Paratethys sea
in the WestTarim Basirfe.g. Dercourt et al., 1993; Mao and Norris, 1988)Id be a possible source
of these meteoritic waters. Regardless of the marine source of meteoric waters, there is no isotopic
evidence for the existence of any orographic barrier between the studied sections at the time of
calcification. If the latter rapidly followed deposition, there was no significant relief in that area at

the Cretaceous Palaeayene boundary.

7. Conclusio

Pedogenic carbonates (calcrete and nodules) and limestone beds have been identified and
analysed for &0 and &°C on two main stratigraphic levels of the Tian Shan Mese@eitozoic
series (Late Jurassic and Late Cretacedtiarly Rlaeaene). The limestone beds are restricted to
the Middle Jurassic series of the southern foothills andpobablyof lacustrine origin. The oxygen
and carbon isotope compositions of the pedogenic carbonates are homogeneous in both the
southern and northern foothills of the Tian Shan Range, as well as in the intramontane Bayanbulak
Basin. Blaecenvironmental conditions opedogenic carbonates development were thus identical
on a regional scale during the Late Cretaceodarly Rlaeaene period. No significaniagaeorelief
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existed by that time in the area, implying that the actual Tian Shan topography mostly results from

the Cenozoic reactivation event.
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Table caption

Table X Oxygen and carbon isotope composition of the pedogenic and lacustrine carbonates from

the Tian Shan Range.

Figure caption

Fig. X a) Schematic tectonic map of Asia and location of the Blaan Range in Central Asia. b) Map

of the Tian Shan area (DEM;TGP®@B0, Mercator projection) showing the five sarmg sites: the
Wusu, Manas and Qiu Er Gou sections on the northern foothills, the Bayanbulak section in the
Bayanbulak intramontane basiand the Yaha section on the southern foothills of the range. Section

location and GPS coordinates are given in Table 1.

Fig. 2 Synthetic figure showing (top) the presemdy topographic profile through the Tian Shan
Range, together with the five sammdj sites (black dofdV. = Wusu; M. = Manas; Q. = Qiu Er Gou; B.

= Bayanbulak; Y. = Yaha(left) General lithological column (C = Clay, s = Silt, Sf = Fine sand, Sm =
Medium sand, Sc = Coarse sand, g = Gravel, P = Pebble, B= Boulder) derived frord our fie
observations of the Middle Jurassic tal@aene series from the Yaha section (southern foothills).

This column shows the general trends and types of Mesozoic deposits around the Tian Shan Range
and is consistent with the work of Hendrix et €1992) The correspondare between lithological

limits and stratigraphic ages relies on the available geological maps, previous gtleinekix et al.,

1992) and our field work(J1 = Early Jurassic; J2 = Middle Jurassic; J3 = Late Jurassic; K1 = Early
Cretaceous; K2 = Late Cretaceous;Palaeocene)right) Type and stratigraphic position of the reo

formed carbonates.

Fig. 3 Outcrop views. a) Landscape view of the sampled 8 ribick massive calcrete, which runs
over tens of kilometres laterally (Late CretaceduSarly Rlaeacene,top of the Manas Section). b)
Detailled view of the massive conglomeratic calcrete (hammer for scale). The boundaries of the
carbonate body correspond to lithological limits between sandy layers and giaekielayers. c)

Transition from noduleich layes into a massive calcrete (Late CretacedolEsrly Rlaeacene, Yaha
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Section; hammer for scale). d) Decimetric grey to white limestone layers. These layers are not easily

distinguishable solely from their colour.

Fig. 4 Examples of studied samples. a)nGlomeratic massive calcrete (sample MC 11 4; Late
Cretaceoust Early Rlaeacene; Manas section). b) Centrimetsizedcalcareous nodules (sample B
11 SED 1; EarlyaRecaene; Bayanbulak section). c) Limestone, locally with shales or terrigenous

input (sanple YA 12 SED 1; Middle Jurassic; Yaha section).

Fig 5 &C(PDB) vs&0 (SMOW) diagram of the pedogenic carbonates (a) and the limestones (b) of
the Tian Shan RangEhe isotopic compositions of Lower Cretaceous pedogenic carbonates and
limestones fom China are shown for comparisddata from Li et al., 2013)The field of Jurassic

marine limestones of the world is indicated in g®gizer et al., 1999)
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Table

Coordinates Calcite
Sample Type Formation Latitude Longitude Wwo we
WwuUSsuU
WE 12 SED 1 Calcar. nodules  Jurassic (J3) 44° 8'20,90"N 84°30'19,70"E = 21.2 -4.96
MANAS
MC 11 SED 6 Calcar. nodules  Palaeogene 43°57'55,08"N 85°48'28,08"E 20.4 -6.08
MC 115 Calcrete Cret./Palaeogene idem 25.3 -3.75
MC 114 Calcrete Cret./Palaeogene idem 23.7 -4.22
MC 11 3C Calcrete (matrix) Cret./Palaeogene idem 22.2 -4.05
MC 11 3B Calcrete (vein) Cret./Palaeogene idem 22.1 -4.87
MC 11 3A Calcrete (geode) Cret./Palaeogene idem 19.2 -4.73
MC 11 2 Calcrete Cret./Palaeogene 43°57'42,72"N 85°48'27,60"E 22.0 -4.67
QIU ER GOU
HU 12-SED 12 Calcar. nodules  Cret./Palaeogene 43°52'3,00"N 86°23'32,30"E 21.4 -5.19
HU 12-SED 11 Calcar. nodules  Cret./Palaeogene 23.3 -6.02
HU 12-SED 10 Calcrete Cret./Palaeogene 24.6 -4.29
HU 12-SED 9 Calcrete Cret./Palaeogene 23.0 -4.99
HU 12-SED 8 Calcar. nodules  Cret./Palacogene 22.8 -5.33
HU 12-SED 7 Calcrete Cret./Palaeogene 43°52'2,40"N 86°23'29,50"E 22.7 -6.14
BAYANBULAK
B11SED1 Calcar. nodules  Palaeogene? 43° 4'23,52"N 84°17'6,66"E 22.3 -4.65
B 11 SED 06 Calcrete Cret./Palacogene? idem 23.1 -5.31
B 11 SED 02 Calcrete Cret./Palacogene? idem 23.0 -5.79
B 11SED 05 Calcrete Cret./Palaeogene? idem 24.3 -5.32
B 11 SED 04 Calcrete Cret./Palaecogene?| 43°4'21,96"N 84°17'5,52"E 23.0 -5.53
YAHA
YA 12 SED 19 ACalcar. nodules  Palaeogene 42° 4'52,32"N 83°15'48,20"E 23.4 -4.10
YA 12 SED 18 Calcrete Cret./Palaeogene 42° 4'56,30"N 83°15'48,20"E 22.7 -4.75
YA 12 SED 17 Calcrete Cret./Palaeogene 42° 4'57,15"N 83°15'48,61"E 22.7 -4.95
YA 12 SED 13 Calcrete Cret./Palaeogene 42° 4'56,84"N 83°15'50,13"E = 21.6 -4.13
YA 12 SED 16 Calcrete Cret./Palacogene 42° 4'57,32"N 83°15'50,13"E 21.7 -3.86
YA 12 CHIM 1 Calcar. nodules Cretaceous (K1) 42° 5'47,80"N 83°16'40,10"E 24.6 -2.98
YA 12 SED 41 Calcar. nodules  Jurassic (J3) 42° 6'52,30"N 83°17'18,50"E 21.2 -2.03
YA 12 SED 39 Calcar. nodules  Jurassic (J2-J3) 42° 6'57,90"N 83°17'18,10"E 22.6 -7.61
YA 12 SED 38 Limestone Jurassic (J2) idem 20.1 -3.16
YA 12 SED 37 Limestone Jurassic (J2) idem 19.2 -0.26
YA 12 SED 36 Limestone Jurassic (J2) idem 18.5 0.20
YA 12 SED 34 Limestone Jurassic (J2) idem 23.0 3.14
YA 12 SED 33 Limestone Jurassic (J2) 42° 7'3,37"N 83°17'7,09"E 17.7 -0.37
YA12SED1 Limestone Jurassic (J2) 42° 7'32,40"N 83°14'10,40"E  20.4 -3.49
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Figure 5
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