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AbstrTalce : Dongsha area, a key target for gas hydrate expl
t h

sedi mentary processes and e paleoenvironment, which pl a
coupling among sedi mentary processes, pal eoenvironment, ar
DSW16 wusing particle size analysis, bi ol ogical component |
foraminifera and biostratigraphic evidence indi éMltbe t hat :
began during MI'S 11 (Marine isotope stage). The sedi ment a
gravity flows, traction currents, and suspended deposition.
regressive cyWllée.cohheisist & wbS di stinct gas Rydd rnabtsef )r easnedr veao
deep reservoir (bel ow 182 mbsf) . The pal eomarine enviror
sedi mentary processes and sedi ment characteristics, especi
deep gas hydrate reservoirs formed under dynamic conditi ol
hi gher abundance of foraminifera. Sedi mentary |l ayers rich
intervals for preferential gas hydrate accumul ati on.
Key wagrdshydrate accumul ation, paleoenvironment, sedi menta
CitaXuaoamt al., 2026. Control Ef fect of the Paleomarine Env
in the Dongsha Area, Northern South Chiln0a0 (39221.92PO1 a Geol
10. 11 1-6 742 715553 5 6
1 I ntroduction fluctuations (Phrampus et al
2017). Cold environments with
Gas hydrat e, as a promi sigenefroarlm yo fc ocnlsei adne reende rf gayv, o0 r haabM
attracted significant att gratsi chydirmat ese( Bypmelol agy Keises
their high ener gy densitystamndd evasugggedgtent hat ires eav e
(Tr ®hu et al ., 2006 ; Chonfpydtosatlat,i c20pllréesasluir ee flear@amay @
Pang et al ., 2021) Mor ecuvearb,l eapr exmaruvr atli ognasof hgdsatheg
primarily codaipbsenft gretbAaddiutsieomalsl vy, s ediomennctlaurdyi n g
studies have identified tipegmpast iae k,eys ocuorncpeosndenma y diard €tpho
gl obal met hane cycl e, witthplagnsa deoabkrel | mpgi craotlieonisn f
climate change Therefor e,r erseesrevaoricrhs .onl g ass amydd/r as ed ihoe
substanti al environmental tyipgriaf il yances u(lTti nii mel ll ar geetr
2019; Li and Han, 2021; Lipetmaabil i2t0®2,3) .whi ch facil it e
Gas hydrates ar-gr esstsalbrlee agnddd Elwewhli gkt al ., 2004 ; I to e
temperature conditions, amRdd 1&ne Shedeksréenpit da@do Miam&kntil
found i n submarine sedi mekKirtiss$Gomdavww agi t Bastihne (uBno squueel |
physicochemical condltionsA,IamihreosacCcaunnyuoInatiimnth@f Gglafs
hydrates is a dynamic procelsis?2)i nidwencddwsi gtnhiafti canatt y
pal eocl i matic factors-l eviedmdasat emp & roaq wiadead riayn d hyysdarga t rei
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(The maxi mum saturation oftrganssploydr atdéestaacer eachdeoernvtl
40 %) . However, offshore hydupmplee merstgunt e dant e eofitgeem omaosr
abundangrannédneedi ments wiheh bowappr owhiitcsh aingd conduci
per meability. Recent -gstau chieeadsr bii rdd itoyatceurtrieatt si f Ybaneet a
sedi ment s, t he di fferenceest ianl .panrki0il®dl)e By zeonptarraasniet ed
bet ween-begdragehayndd atnen | atylee s r egieonal hydrodynami c fo
mi ni mal , and particle sikemi hasedl i miyted r augtiilany cunrtr
characteqquaingyhhghkdrat e r esseedivioe mtsat(iZzohmn@gQW&n X et al .,
et al ., 2015; Ren et al ., AdRRdi2t0i;onAaHdrnyg W ddthecdhdijocd @Bt
Al t hough particle si ze harsd Idiereipt edi rsubatfbobonanceas iwe
indicating hydragge aaoaedms B dnemh soff imnke KurodhegulQurer
recent studies suggest thadednimentalt camppsei t i andmaw od air
as a wuseful indicator f or Chhiyndar aSeea r(e.s eur veadi rasl.. , L 20 ®dr3g t
sedi ment simul ations suggefsacttohrast , c dlrloanc tai vtehleyr mexd @ mia mip
perspective, guartz pr omotacsc uhnyudiraattieonf.or Fhawe wear dusysoe
sur face hydrophilicity (Yhowt saldi,me2® 24, aviheir e@rs mecnlteé
mi nerals inhibit hydrate froesmanyvwinrdbecanse tohfe tthevealese
of strongly bound water (Wagdgatée atcymrloat3i;onRenr eentai al
2024) . Thi s concl usi on i somfurhdeDosygpPpadr bedabynstodi e
usi ng field sampl es (Bai Setdi mdnt, s2a0n2pdl)e s Avdedrig i anal lyy
sedi mentary processes exemtoahecninsttrroyf i hg | mfelcowersde uo
hydr at e accumul ati on. Turkendi t enmdermptoasli t ev alrwet i @gern earnad |
considered favorable for hhydratte aecwemwlodtri dm;r mad wewner
t his understanding is primaei underesti aredi nfg oanf shtyuddriaetse
sandy reservoirs (Il tgor aenedant.r,i bRO&5) t o Imesfeiameh on t}
sedi ment s, hydrates hav-e afl stoydohoeadresobedrtvbdiri nrofliene n
grained turbidites. However, these turbidites do not ex
significant coarsening c@mpaonedgi tal ®&wdrtliyigng or
underl ying sedi ment s influenced by ot her sedi ment ary
dynamics (Su et al ., 2021; B Sdutal .Chi2ma& 43ea ThRC R) ,0r t
mechani s ms by whi ch sedi Meoruttehre\aspr deseasedi eonbtolt he
hydratceh reserguaiirnsedi s efdii mand isf irce imfawsmtdr all n can pl at es. S
uncl ear . Sedi ment attribubasj nsothraoves, deavnedl ogpemlo siin i otnt
processes are al/l closely Qionkgdlongndrme Basdhutonnt bé& rwe
pal eocl i mat e and pal eomamangi nenvheoPmant s Ri vElhe Mout
pal eomarine environment ingdsieincesc hrytdirme et alccmanudian, oa
both by governing the phyeiacél aahdvehemntihemrtoaldi m& o Qi
and by determining the complos, t2020af kedemenatary 2i02peér
Thus, sedi ments serve as leddeetcad vien arhcehinvoerst hefasthegdmn as
accumul ation and representceantcrraulciapl ilfinmkzoeéwedén thydrT
formation and paleomarine ravge ofimemt a3l0OO0evml| @t oi 02nl.0O0 m,
The Dongsha area in the nsoorutthheerans tSo(uftihg .Chlian)a. SSian chea st |
been confirmed to be richeixpegaenhegdr aat estraebsloeur gpleas e mo
of which are hosted in seddomeenvtearr,y dluaey etros tdheep oisniftleude nscie
the middle Pleistocene (Zhauonbt eactailvi,ty20rlémai nSi nicret etnt
mi ddl e Pl ei st ocene, gl obdlaulctlsi mptr ® p ahgaast e u nudbewrag adn e pe
significant variabilityvebedompahse@andyr elaacrhgiengsdare s
fluctuations (Yang et al ., M2DOMBi;apriir tamd .ga 0ciRi; mFeyng
2024, Li et al ., 2024; Metnlins et eqilan, 2P@¥ent ipalolvyi ds aeg
favorabl e context for st udyitrhgvalyy d(rlait eeaccadmuyl a20 d3) .an
the evolution of the pal eotnhaerrinmoeg eennivci r game nftrrom ndeaphy
the sedi mentary and hydr olgieog ®egi calgacsondgienieomas ed n dtuhe
northern South China Sea PPaeéstemanaedanonmpilgerxatsei necgwa
the Middle Pleistocene. Thtabirleigtiyonzoreei( \GHSZ ¥y e diZhemtg
from multiple sources, i ncsltwdii regs Lhuazveen ,i dtelma i Pe & dl f Riuv e
Taiwan | sl and, Hai nan | sl arhde, Taanidx itnhaen RBeads i i vwirt,h amel a
strongly influenced by crhatmariitcy , amod diecnavtiirnogn nfeanvt carl a b |
changes (Liu et al ., 2013 pgadslugereraat.i,on2q2Gu)a.n len twér ms
sedi ment dyreavmilc sf | usceasat itoonsal cangaanfifcecctar bon ( TOC) C
sedi mentary processes (Wardfgoet malti pl2ed 1s8i;t eShaon etheaDo
2025) Typically, during p@r7ods%of Deewi seathevel | otwhem
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Fig. 1. Geological background map of study area.

(a) Water depth and geographical l ocation of the stnwegyorasterau tmodi fi e
seafl oor topography, where Eat argeedptvh esshalf|l cowe freredmnnglici@antgd emead. BF g.
GMGS2 (modified from Zhang et al., 2015); SCSBK: South China Sea Bran

reached the -gihtriesietl lafe rgodfmetrfag i ur asaidi o Current and
gas hydrates formation (Suxétibalting2@a28ycl aAsia gerseal (S
Dongsha area exhibits highROdds puoductalon »028ntial an
an efficient fluid mi gration system, of fering excel | e
conditions for gas hydrate3fMdMetmaod®nand Materi al

Hydr ol ogicall vy, the SCS connects to the Pacific Ocean
through the Luzon Strait 3ida Sameplesst. The Kuroshi o
Current, as it passes throulghhe t 8ieNld6u PiGsn ISd c @ati ¢ d oan ai nt
westward into the nor4 h&eal o@S,t heEommir b peran lcooonpt i nent a
circulation that affects mnmegiaomwalt ecudeepbhh opat8etnm 4 rGd
al ., 2006) . The inter medi a(tnee tceirrscudealtavo nt od ¢ da&f ISCEr )(.3
1350 m) i s mai nly anticywdroenicystewmat éaal Ityhecotléept ed
circulation (below 1350 m)i nics uidn fnlgu eonrcgeadn ibcy g ehaec h enmir cussl
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el ement measur ement s, and amardtyisdlse sThe amaliyssiad. Fhes
analyses aim to reconstr uGBWG044dld memasarws epdr,oovd sshesa amha
pal eoenvironment al condit ifordsh (iWPeB)i f yme @ashier esnemit ce  GAf
organic matter, and eluci dadrdudtecedicatumuhetli @amo maetchray i &
of gas hydrates. Additionally, t he abundance of
foraminifera and calcareou3. GaGalbdadssols wamreofgfaanitl farmr
Cal careous nannofossils were
3.2 The measurement of parslicde metbod. The prepared s
The Mastersizer 2000 | asZzeai spar Di skeveryerV20MalL\Ed ICRA
I nstrument s) was used to anatgemi pracgsdcacpe. siTzhee vifar b
di ffraction. This instrumendndneatsad es-ovprlithdhQemestieae, rar
f r omi202. 02 with a relative bgrr(crhenf eltesad ., h20 1F%.. Al a
Particle si ze measur ementlsabwerné orcyonodfucGM&S. by t he
|l aboratory of Guangzhou Mar i ne Geol ogi cal Survey
( GMGS) . Particle size pard@m&tesmud t sincluding mean grain
si ze, sorting, kurtosi s, and skewness, were calcul at ¢
foll owing the method of (4F.0oll kKThend awar dt i dm 50/f) .gaBheé yd
calculation formulas are asAf oBi-Wlw6,DSt wo driediistcitvihtiygha
et e intervals were iddh4i mbed: an
Mean grain sizg”~1— 750 # (1) another below 182 mbsf. Core
. . 3 t heserehsiigshh i vity intervals <co
Sorting=/8" f1s 4 b " s (2) gas hydratd)sa.seﬂeseissttiim/aittlyons
4 6.6 hydrates saturations of appro
SkewnessZ# " e 2 b o of *s 2~ s (s)interval and 50% in the deep
e fe) A k- . .
4.2 The characterization of p
Kurtosis—M (4) 4.2.1 Particle size frequency
2,44 15 Jrs) Mo s t sampl es exhibited uni
I'n the cumul at i ier eprr elseemidlisis ttyhiebut vep curves, with pea
parti di)eorsigeepondi ng xt oTihé@®. petiecdRawdfe h) O5However, one
value is calculated from(pastBol ebsdfi)aneextheirbi iedn@ kihre
forniudl &io'g whiesein milli metearcgmint)a b addniéa(5401020 Ikrmh) 05
while another sample (203.65
3.3 Major and trace el emendisstamiabytiegn (Fig. 3).
Maj or el ements were analyzed wusing an Axios XRF

(SYyci186) foll owi m@Ol@eslGBﬂd”aﬂBOBIQBOlOgy _ _
Trace elements were €EtSer nihree ds edd imeg t-Wlrba tiw@Bi tper ed® mi
Opi ma 4300DV (SY®BX2) Seancgosnep cPed of clayey si It (Fi

(SYCci153) , in accor daﬁﬁé wihmithi caB/etd2 ot2heaot. 8si | 't was domin
GB/T20122600061,0 respectivel y.19A160% ahal y$ed3%er &wi th an a\
performed at the | aboratorgontfemcMGcsSanged from 5.26% to

30. 75 %. The sand fracti on w a

3.4 Total nitrogen and tot@l 008%gawi c32c &r9%0 n wintah yan save
The EA3000 (SYC169) el e@relnyt al woa nsaalnypzleers (wa€3. 65 and
empl oyed to measure the tograaveni taomgpeonnenTtNs),, Wiotthal c cmtre
(TC) and total or ganicconctaerhbeosnp ecttoa)e.l yThe CaCO

(wt %) was calculated by multiplying the I C content (wt?
by 8.33 and the C/ N ratio4.was3 Palrddlicdteeds i B&s@ar amettenre
TOC and TN contents. All anTalley smesanvegreaicno ndiuzxce eaf atthea hs
| aboratory of GMGS. 8. @§{ 49 63.5H0) , with a mean val

(5.9 (Fig. 5b) . The sorting
3.5 Carbon and oxygen isotbp® amaby38s with a mean valu
The stable carbon and oxryagnegned) §d®ope &.odnp,oswittilonas me
e antd) were measured u%sd)ng Kar tvasTiass 3r anged from 0.7
(SYC118) gas isotope ratioofmaks0%pekitg.omeal)r. All isoto
val ues wer e reported relative to the Vienna Pee Dee
Bel emnite standard (avPD8)3 MEaDIromaad tsmeedat @ements
reference material GBWO04416l nwatshiuss esdt,udwi,t ht hae gtag@dd a red ¢
deviation o€ 0(UBBB)f omeas@a@meansd. ®aCDe the trace ele
Clean, uncontaminated foraminMber &, f apiha nMdred Téeea nEicd2 .
fractioam) (wk2% selected 59 88%ygevnithsanop@:enaagedofrs
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Fig 2. The ewlléumn of Site DS

The red curve on the |l eft column shows the values ofclylaWwDd rseesdiisnieinvti.ty
The blue curve shows the values of gas hydrates sat@®atWamg emhialh. ,i s
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Fig. 5. Column of parti-wWlé&. si ze parameters from Site
(a) The 1lithology col umn; (b) the mean grain size efnesedi hent t heckutrhe
sedi Mbet dashed box represents the gas hydrate reservoieses.t iTvheel yr.ange
5.90% to 16.71%, with an awtt%age O6f 125 w4 4&%. wiaO raanmgedan
from 3.36% to 32.96%, wizgt hr aamg eadv efrragra f4 5. 08 %7
ranged from 4.93% to 56. 459%,ngveidt hf raonm @I v3e 1582088 Vtoof wi7t T 5 &b
(Fi g. 6) . Cu concentratlonfs1n'amayFeD(B\JLﬂE‘romamgeld251tm9m2tﬁc
ppm, with an average of 21201 6G5WPM) , Zmwi € b n @ae mterat B pofn s1 |
ranged from 43.70 to 127.(OIBigp.pn&).with an average
99. 30 ppm. Mo concentrations ranged from 0.37 to
ppm, with an average of 14..651 Bppm.o gy hc ccrnopecreenrttrsat i ons
ranged from 6.08 to 17. 40 pIphne, fwirtahmiann feaw er aagbeu nadfa nlc4e.
ppm. U concentrations rangedattomntd. UWndtict b4t éd
with an average of 3.06 ppomampglig. (Thd/ g) , include
foramini fera abundances
4.4 Organic geochemical datBotal foraminifera abundance
TOC, TNGFE€C/ Mifd (foramini fassrea)agivege 37 ind/g. Plankton

analyzed i

(wt %),

wi t h

t his

study.
a mean

of 0.

T hwea rTi CeCd

rfarnogne d2 ftroo n¥ 204. 5i5n dt/og ,1 .a
7Bemwt . c TN oramged f €r am alb.uOnld a n
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Fig. 6. Column of major eiWddents and carbonate from Site

The following results were cajciopt Att)asCav@ei Yde) ¢CaasCuleadcht b ¢ xwt @ pr € ¢ nt
hydrate reservoirs.

varying from 0 to 8 ind/ g,hydrtaht eans aatvuerraatgieo no fl e2v eil rsd /(gA T

relative abundance of cal cTaarne ceuts ar ann @2f0d?2s39i.1 s, defined

the number of iintact and urBdisstdo rotne dgeiompdiywii cwd!| sdapgear af

of view (ind/F), varied filtamed ¢gas 1BYRdr aitned /rFe s earveoriargih

190 ind/F (Fig. 9). Wi6 (Sha et al ., 2015; Liu et

The background resdwd6i vi sy

5 Discussion approxi ngatmel However, a sharp

resistivity isi2dbsmbsVvednhletbwe
5.1 The vertical di stributimbsaf ofcgasi 8ydnateith typical
Hydrate saturation directslhyalil mdvi chaytdersatteher epreZ4ombegf dr
the concentration of hyédrapesmaiithyncbohearesenwvdiul ar Hyad
bearing reservoirs typicaldsyt iemahtiebd ts ati grhatriecsn sof viatpyr
| ogenhn-drei I | i ng operations.202Zher efThhree,deeesihsytdirvaittey r es e
anomalies are commonly wusenthsfp ¢lsarcahcatrearcitzeer i tzleed doeypt dhi
interval sbeoafr i mgdrraetseer voi resstanmht ed eatumateon of appr



