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/0e 2inan Miocene loess9soil se:uence (=22"'.2 
Ma)?1A discoCered from t0e Hansu HrouI?2A seCeral 
years ago eLtends t0e Mell9NnoMn 2uaternary 
loess9soil se:uence and t0e late /ertiary Red Clay se9
:uence of t0e Qoess Plateau to early Miocene eIoc0. 
Most recently, t0e DongMan late MioceneUPliocene 
loess9soil se:uence (=!.1"3.V Ma)?3A furt0er eLtends 
t0e uIIer limit of t0e reIorted 2inan Miocene 
loess9soil se:uence into t0e Pliocene. /0ese eLtensions 
0aCe great Iotentials for t0e study of loess9based Ia9
leoclimatology. MoreoCer, t0ese studies indicate t0at 
t0e sIatial and temIoral c0anges of sedimentary facies 
of t0e so9called Hansu HrouI?2A are comIlicated and 

inColCed in a neM understanding of tectonic and enCi9
ronmental eColution in t0is area and eCen in Mestern 
C0ina?4A. /0erefore, detailed inCestigations and mul9
tidisciIlinary studies of t0e long9term 2X9I se:uence 
at 2inan are needed. Xmong t0ese, biological aI9
Iroac0es are Iarticularly Caluable. 

Fossil land snails are t0e most common and abun9
dant fossil remains found in loess se:uences. /0ey are 
Cery sensitiCe to enCironmental c0anges and so 0aCe 
long been regarded as [indicator animal\ for t0e study 
of loess IaleoenCironment?VA. MollusN fossils 0aCe 
Ilayed an imIortant role in t0e early studies of 
Mind9bloMn origin of t0e 2uaternary loess9soil se9
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:uences?VU]A. For eLamIle, in 1]4!, Braun found t0at 
most mollusN fossils IreserCed in EuroIean loess Mere 
terrestrial sIecies, and moreoCer, Mere mostly t0e 
cold9adaIted taLa?'A. `is findings IroCided an indis9
Iensable biological eCidence for subse:uent studies of 
t0e origin and sedimentary enCironment of loess strata. 
In t0e 1]]&s, Ric0t0ofen noted t0at loess in C0ina 
contained fully IreserCed terrestrial mollusN s0ells t0at 
Mere Mell disIersed in loess strata?!,]A, M0ic0 strongly 
suIIorted 0is Mind9bloMn 0yIot0esis for loess. In t0is 
study, Me analyaed mollusN fossils IreserCed in t0e 
neMly found Miocene loess9soil se:uence at 2inan?1A 
Mit0 t0e obbectiCes to inCestigate (1) t0e sedimentary 
enCironment of t0e 2X9I se:uence, and (2) t0e eColu9
tion of land snail taLa from t0e Miocene to 2uaternary 
and t0eir Iossible relations0iI Mit0 regional and global 
enCironmental c0anges. 
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/0e studied 2X9I se:uence (3Vc2!-, 1&Vc2!!E) is 
t0e first Miocene loess9soil section found in t0e Qoess 
Plateau. It is located 2! Nm nort0Mest of 2inan County. 
/0is region is c0aracteriaed by Calleys flanNed by 
elongated 0ills Mit0 a toI eleCation of =1]]& m aboCe 
sea leCel. /0e current climate at 2inan is semiarid 
Mit0 a mean annual IreciIitation Carying betMeen 4&& 
and V&! mm and a mean annual temIerature of =1&.4
#?1A. (egetation in t0is region is a semiarid temIerate 
steIIe?,A. /0e 2X9I section deIosits on metamorI0ic 
bedrocN of Proteroaoic era and is oCerlain by t0e 2ua9
ternary loess. /0is se:uence is 2V3.1 m t0icN and con9
tains 231 Cisually definable loess9soil couIlets?1A. 
MagnetostratigraI0ic measurements and micromam9
malian fossils indicate an age of t0is se:uence be9
tMeen 22 and '.2 Ma?1A, almost coCering t0e M0ole 
Miocene eIoc0. 

In t0is study, 3V loess and soil layers Mere inCesti9
gated along t0e deIt0 described by Huo et al.?1A. Since 
all loess and soil layers 0ad solidified, t0us IreCenting 
any Mas0ing and sieCing in t0e field as Ierformed in 
t0e 2uaternary loess9Ialeosol studies, Me broNe eart0 
blocNs IrogressiCely into small Iieces of =&.V mm in 
diameter, at t0e same time collecting all aCailable in9
diCidual s0ells. In laboratory, all collected s0ells Mere 
identified under a binocular microscoIe. 
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Fig. 1 s0oMs all mollusN sIecies and t0eir distribu9
tion in t0e 2X9I section. Preliminary result s0oMs t0at 
mollusN fossils 0aCe a near continuous distribution in 
t0e section. Xll t0e inCestigated 3V loess and soil lay9
ers yield mollusN fossil indiCiduals. Henerally, mol9
lusN fossil indiCiduals in loess layers are more t0an 
t0ose in soil layers eLceIt in t0e uIIer Iart of t0e sec9
tion M0ere soil layers yield more fossil indiCiduals. In 
t0is study, fifteen mollusN fossil sIecies 0aCe been 
identified including tMo unidentifiable taLa. /0ese 
identified sIecies can be mainly grouIed into 
t0ermo90umidiI0ilous taLa (Marmt0 and moisture 
loCing sIecies) and cold9aridiI0ilous ones (sIecies 
liCing in dry and relatiCely cold Ilaces) according to 
t0eir ecological re:uirements of t0e same sIecies    
in 2uaternary loess9Ialeosol se:uences?V,1&"14A. /0e 
t0ermo90umidiI0ilous grouI includes Metodontia cf. 
huaiensis (Fig. 2a,b,c), Metodontia cf. yantaiensis (Fig. 
2d,e,f), Metodontia sI., >astrocopta sI. (Fig. 2g), 
Punctum orphana (Fig. 20,i,b), Punctum sI. /0e 
cold9aridiI0ilous grouI contains Cathaica pulveratriA 
(Fig. 2N,l,m), Cathaica sI. (Fig. 2n,o,I), Ballonia cf. 
pulchella (Fig. 2t,u), Ballonia sI. /0e Marm9 and 0u9
mid9adaIted sIecies generally distribute in soil layers 
at t0e deIt0 of V m, '.' m, 1] m and 14].' m, M0ereas 
t0e cold9 and arid9adaIted sIecies can be found in 
loess layers suc0 as Cathaica at t0e deIt0 of V] m, 14, 
m, and 24&.3 m, and Ballonia at 12'.V m and 23' m 
deIt0. Xmong all mollusN fossil genera, Metodontia 
and Cathaica are tMo relatiCely continuously distrib9
uted genera in t0e section. Punctum and Ballonia, tMo 
tyIical land snail genera in t0e 2uaternary loess9soil 
se:uences, are also identified from t0e 2X9I section. 
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3.1  Mollus7 fossil evidence for the origin of the 8A-H 
section 

Since t0e 2inan Miocene loess9soil se:uence Mas 
discoCered a feM years ago, Iresently t0ere are only 
seCeral lines of sedimentological and geoc0emical and 
Iedogenic eCidence?1A suIIorting its eolian origin. 
/0us, it is still 0ig0ly necessary to address t0is issue 
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Fig. 1.  Paleogeomagnetic age (from Huo et al.?1A), lit0ology, and distribution of mollusN fossils in t0e 2X9I Miocene loess9soil section. a, Henerally 
MeaNly deCeloIed soil layers interbedded Mit0 loess layers and bot0 0aCe similar t0icNness; b, t0inner loess layers interbedded Mit0 relatiCely strongly 
deCeloIed t0icNer soil layers; c, t0icNer loess layers interbedded Mit0 MeaNly deCeloIed t0inner soil layers; d, t0icNer loess layers interbedded Mit0 
t0inner soil layers M0ose deCeloIments are stronger t0an t0ose of t0e uIIer Iart; e, t0inner loess layers interbedded Mit0 relatiCely strongly deCeloIed 
t0icNer soil layers; f, t0ermo90umidiI0ilous mollusN fossils; g, cold9aridiI0ilous mollusN fossils; 0, mollusN fossils M0ose ecological grouIs are Ires9
ently unclear; i, total mollusN sIecies. 

 
Fig. 2.  MollusN fossils in t0e 2X9I Miocene loess9soil section. aUc, Metodontia cf. huaiensis; dUf, Metodontia cf. yantaiensis; g, >astrocopta sI.; 
0Ub, Punctum orphana; NUm, Cathaica pulveratriA; nUI, Cathaica sI.; :Us, Iradybaena sI.; t, u, Ballonia cf. pulchella. 
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t0roug0 furt0er efforts, among M0ic0 biological eCi9
dence is indisIensable. `ere Me IroCide a near con9
tinuous mollusN fossil record to discuss t0e origin of 
t0is se:uence. 

Preliminary inCestigation of t0e IreserCation condi9
tion of mollusN fossils in t0e 2X9I section indicates 
t0at most indiCiduals 0aCe comIlete s0ells and dis9
Iersedly distributed in t0e loess and soil layers. -o 
imIrints of suffered current transIortation and selec9
tion Mere found in fossil IoIulations (Fig. 3). /0e 
IreserCation condition of mollusN fossils reCeals a 
terrestrial in situ ecological IoIulation in t0e 2X9I 
Miocene loess9soil section. 

/0e comIosition of mollusN fossils at t0e 2X9I se9
:uence 0as t0e folloMing features% (1) Xll mollusN 
assemblages found in t0e section are comIosed of ter9
restrial taLa. -o a:uatic and amI0ibious taLa 0aCe 
been found in t0e M0ole se:uence. /0e identified 13 
sIecies can be attributed to V families and ] genera of 
Pulmonata subclass, most being t0e common sIecies 
of eLtant land snails in loess region. /0ese indicate 
t0at t0e mollusN comIosition in t0e studied section is a 
tyIical terrestrial IoIulation of eolian se:uence. (2) 
Most mollusN sIecies in t0e 2X9I section 0aCe ana9
logues in t0e 2uaternary loess9soil se:uences of t0e 
Qoess Plateau?V,1&"14A. (3) /0ese identified sIecies can 
be diCided into tMo mabor ecological grouIs, M0ic0 
are t0e same as t0ose in t0e 2uaternary loess9soil se9
:uences?11"14A. (4) /0e IreserCation of mollusN fossils 
in t0e 2X9I section s0oMs t0e original IoIulation. Xd9
ditionally, t0e mollusN fossil distribution in t0e strata 
is disIersed, and most indiCiduals IreserCed in an 
original liCing 0abit, Mit0 t0e c0aracteristic of miLed 

adults and buCeniles, s0oMing a similar Iattern to t0e 
2uaternary eolian deIosits in t0e Qoess Plateau?V,!,]A. 
/0us, Me can conclude t0at t0e 2inan Miocene 
loess9soil se:uence 0as a similar sedimentary enCi9
ronment to t0e 2uaternary loess9soil se:uences of t0e 
Qoess Plateau. /0e comIosition and conserCation of 
mollusN fossils suIIort t0e CieM of Mind9bloMn origin 
of t0e studied se:uence, as indicated by sedimen9
tological and geoc0emical and Iedogenic studies?1A. 

3.2  Preliminary study of mollus7 species evolution 
from the Miocene to 8uaternary 

It 0as long been NnoMn t0at t0e life eColution is 
closely related to enCironmental c0anges. From t0e 
Miocene to 2uaternary, terrestrial mollusN taLa in t0e 
Qoess Plateau s0oM a series of successions, M0ic0 
mig0t result from t0e enCironmental c0anges 0aI9 
Iened during t0is Ieriod. /Mo eLamIles are giCen be9 
loM to address t0e c0anging trends. First, t0e sIecies 
of Metodontia, a IrinciIal element of t0e Oriental Re9 
gion (MollusN fauna), deCeloIed in t0ree Ieriods Mit0 
t0e c0aracteristic of c0anging siae and aIerture s0aIe. 
Xs s0oMn in Fig. 4, t0e earliest occurrence of Meto- 
dontia sI. Mas at about 13 Ma, a Marm and Met Ieriod 
in t0e middle Miocene; During =]"! Ma, M. cf. 
huaiensis and M. cf. yantaiensis aIIeared. /0e time 
interCal of =V.4"4.4 Ma Mas a Ieriod of Metodontia 
deCeloIed abundantly and raIidly in M0ic0 M. 
huaiensis, M. yantaiensis, M. cf. bereso<s7ii and M. 
bereso<s7ii aIIeared successiCely. /0e eColution of 
s0ell morI0ology of Metodontia taLa is from relatiCely 
small indiCidual, boM9liNe aIerture of M. cf. huaiensis 
to relatiCely big indiCidual, 0alf9moon aIerture of M. 

 
Fig. 3.  PreserCation condition of mollusN fossils in t0e 2X9I Miocene loess9soil section. ElliIses and circles indicate mollusN fossils. a, 1&].] m; b, 
12].2 m; c, 22].V m; d, 23' m; e, 24&.3 m.  
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Fig. 4.  EColutionary trend of Metodontia. Dots indicate t0e fossils found; solid lines indicate t0e eLact eColutionary trend 
and das0ed lines sIeculated. 

 
yantaiensis, M. cf. bereso<s7ii and M. bereso<s7ii.  
Second, Cathaica, an aboriginal and imIortant genus  
in C0inese loess region, began to aIIear at =21 Ma  
and t0en 0ad a near continuous distribution in strati9 
graI0y from =1' Ma (Fig. 1). Based on our Iresently  
aCailable fossil materials, C. pulveratriA aIIeared at  
around 13 Ma. From =]"' Ma, four to fiCe sIecies of  
Cathaica occurred?1VA. From about 2.' Ma, t0e onset of  
t0e 2uaternary, more t0an 1& sIecies of t0is genus  
deCeloIed?VA. /0e ratio of Midt0 and 0eig0t of t0e  
s0ells of Cathaica sI. s0oMs t0at t0e morI0ology of  
s0ells 0as an eColutionary trend from relatiCely tall  
and narroM to flat and Mide (Fig. V). It can be seen t0at  
t0e occurrences of neM sIecies of t0ese tMo mollusN  
genera are closely related to t0e mabor enCironmental  
c0anges 0aIIening during t0e Miocene to 2uaternary.  
For eLamIle, t0e time interCal of ]"! Ma Mas an  
imIortant eColutionary Ieriod of M. cf. huaiensis, M.  
cf. yantaiensis and Cathaica, corresIonding to t0e  
onset or intensification of t0e Indian monsoon?1'A and  
intensification of t0e East Xsian monsoon?1!,1]A. During  
=V.4"4.4 Ma, four sIecies of Metodontia occurred in  
resIonse to t0e Pliocene Marm Ieriod. Xt t0e begin9 
ning of t0e 2uaternary, t0e Cathaica deCeloIed more  
sIecies, reflecting t0e adCent of t0e 2uaternary glacia9 
tion. /0e eColutionary stages in mollusN sIecies are  
consistent Mit0 t0e regional and global mabor enCi9 
ronmental c0anges during t0is Ieriod. /0is may be a  
resIonse of land ecological system, including mollusN  
sIecies, to global cooling since t0e middle Mio9 
cene?1,,2&A and strengt0ening East Xsian monsoon cir9 
culations from t0e late Miocene?1!,1]A.  

/0e Miocene loess9soil se:uence at t0e 2X9I sec9 

 

Fig. V.  EColution of s0ell morI0ology of Cathaica sI. in t0e Miocene  
eIoc0. 

 
tion sIans =1' Ma and contains 231 loess9soil cou9 
Ilets, indicating Ieriodic or cyclic c0aracteristics of  
long9term climate c0anges?1A. Xt t0e 2X9I section, t0e  
cold9aridiI0ilous Cathaica, a reIresentatiCe of t0e  
East Xsian Minter monsoon Cariation according to t0e  
studies of t0e 2uaternary loess9soil se:uences?V,11"14A,  
is distributed mainly in loess layers, M0ile t0e  
t0ermo90umidiI0ilous Metodontia, a tyIical sIecies  
reflecting t0e East  Xsian summer monsoon  
c0ange?V,11"14A, is often obserCed in soil layers, similar  
to t0eir distribution in t0e 2uaternary loess9soil se9 
:uences in t0e Qoess Plateau, as mentioned aboCe.  
/0us, t0e distribution of t0ese tMo sIecies in t0e sec9 
tion reCeals t0at t0e Miocene climate fluctuation mig0t  
be similar to t0at of 2uaternary. Recent study indi9 
cated t0at t0e East Xsian summer monsoon aIIeared  
in =22 Ma?21A. /0e OligocenegMiocene transition Mas a  
Ieriod of c0anging enCironmental Iatterns from  
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Ilanetary Mind system dominating tyIe to monsoon  
system dominating tyIe in C0ina?22U24A. /0e onset of  
eolian se:uence at 2inan is coincident Mit0 t0e c0ange  
in enCironmental Iatterns. Xdditionally, recent neM  
study s0oMs t0at t0e -ort0ern `emisI0ere glaciation  
0ad eListed before 34 Ma?2VA, and moreoCer, t0e middle  
Miocene climate transition from a 41 Na to 1&& Na  
Morld 0aIIened at t0e time interCal of 14.!"12.! Ma,  
s0oMing a similarity to t0e [Middle Pleistocene reCo9 
lution\?2'A. /0ese studies imIly t0at t0e 2inan Mio9 
cene loess9soil se:uence may contain a similar mon9 
soon climate conteLt to t0e 2uaternary loess9soil se9 
:uences. `oMeCer, t0e terminal Eocene glaciation  
s0ould not be larger t0an t0e 2uaternary one accord9 
ing to t0e gradual global cooling trend?1,,2&A. /0us, t0e  
Miocene monsoon enCironment in t0e Qoess Plateau  
s0ould be different from t0at of t0e 2uaternary gla9 
cial9interglacial cycles. It can be sIeculated t0at t0e  
seasonal difference mig0t be MeaNer in Miocene t0an  
in 2uaternary. /0e 2inan Miocene loess9soil se:uence  
Iresently is t0e longest terrestrial eolian record Mit0  
t0e c0aracteristic of Cisually definable soil and loess  
layers. MollusN fossil is one of t0e best indicators for  
t0e IaleoenCieonmental reconstruction of t0is se9 
:uence. In t0e subse:uent study, more MorN on mol 
lusN fossils Mould maNe a greater contribution to t0e  
long9term IaleoenCironmental study of t0is section. 
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Our Ireliminary study of mollusN fossils from t0e 
2inan Miocene loess9soil se:uence IroCides t0e first 
near continuous mollusN fossil record sIanning about 
1' Ma. /0e results s0oM t0at betMeen 22 and '.2 Ma, 
mollusN sIecies are abundant in t0e 2X9I section and 
bot0 loess layers and soil layers yield mollusN fossil 
indiCiduals. Xll sIecies are eLclusiCely terrestrial and 
Mell IreserCed in t0e section. Most sIecies are identi9
cal to t0ose identified in t0e 2uaternary loess9soil se9
:uence of t0e Qoess Plateau. /0e t0ermo90umidiI0i9 
lous grouI generally distributes in soil layers, M0ereas 
cold9aridiI0ilous grouI can be obserCed in loess layers. 
Preliminary results indicate t0at t0e 2inan Miocene 
loess9soil se:uence 0as a similar sedimentary enCi9
ronment to t0e 2uaternary loess9soil se:uence of t0e 
Qoess Plateau. /0e eColutionary trend of mollusN sIe9

cies is distinct from t0e Miocene to 2uaternary. /0e 
occurrences of neM sIecies of Metodontia and Catha-
ica are closely related to t0e regional and global mabor 
enCironmental c0anges during t0is Ieriod, indicating 
t0at mollusN sIecies are a sensitiCe IroLy for t0e study 
of enCironmental conditions in t0e Miocene eIoc0. 
`oMeCer, it s0ould be Iointed out t0at t0is study is a 
Ireliminary MorN on t0e Miocene mollusN record, es9
Iecially regarding t0e eColution of mollusN sIecies. 
More detailed studies are needed in t0e future. 
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