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Fig.8 Vertical distribution characteristics of nutrients structure in the Challenge Deep of the Mariana trench



14 FWH, B B R AR PREEIN T E SR A B RHE 79

PEOCETIFIY 32 B . Redfield FUABEAEAE ARG E N, JLAFE
PEPGERME KIS AY Redfield HEZMLT 16004,

3 455

T B 49V Pk B RN 2 B RTIF R B A IX

Bl R 2 WEK T pHL g A UL OB 3R
A AT LIS EIL T 458
(LDO SEFEEETE 1 000 m AL B /ME, 1 000 m
DI T & &K LCPW [ f7#E DO {E 3% jin, 78
8 000 m Zeify By RN 2 BB B m iy DO 15, vl g2
LCPW [0} N4 H0E ALY
(2)NO;-N.PO,-P & f R 2 8AK, BE TR 138 fin il
HENLAE 1 000 m AREFIRASE. 1H NOs-NERAE 1 000 m
AL ISR — N E AR, #E 4 000 m A2 47 H BLAR — -0
B, 3X AT Bt T HE SR SIAEIE A 4 000 m 224 I BESE AL
FEAET NIV, BT BRI
() FEFRJZKMAH ,DON,DOP & DTN ,DTP Y LZEF
I FRZ VUG DIN DIP @ 4 85 5 S,
(D SI0;-Si FREERZHALTE 3 699 m A0 H I & KMHE,
{HAEHEIE 8 000 m A4y SiO;-Si ik AR = » Ji A Al B
KA NPDW 977 LA R4 Z2 A A8 1 )5 JBURE
AT A R R Lh s R A

SE LWk

(1] Xz, Z==00, BUE, & SETHFHREMERELT] b
R4, 2017, 24(4); 329-340.

Liu Xin, Li Sanzhong, Zhao Shujuan, et al. Structural characteris-
tics of mariana subduction system[J]. Earth Science Frontiers,
2017, 24(4): 329-340.

(2] X772, Bt 5L, & SHEHEHENDRERN RIES
FREREBILT ], W2y, 2013, 33(5): 49-52.

Liu Fanglan, Yang Shengxiong, Deng Xiguang, et al. Depth detec-
tion in the challenger deep of mariana trench[J]. Hydrographic
Surveying and Charting, 2013, 35(5): 49-52.

(3] X0k, fhfd BI040 /K BRI A b 35 BRI 1 IS
FAELT]. SFEHTRT, 2013, 29(4): 7-11.

Liu Fanglan, Qu Jia. Seafloor topography and bathymetric survey
of the Challenger Deep of Mariana Trench[J]. Marine Geology
Frontiers, 2013, 29(4): 7-11.

[4] Nunoura T, Takaki Y, Hirai M, et al. Hadal biosphere; Insight
into the microbial ecosystem in the deepest ocean on earth[ J]. Proc
Natl Acad Sci U S A, 2016, 112(11): 1230-1236.

[5] Fuiocka K, Okino K, Kanamatsu T, et al. Morphology and origin
of the Challenger Deep in the Southern Mariana Trench[J]. Geo-
physical Research Letters, 2002, 29(10). 1-4.

[6] Carruthers J N, Lawford A L. The deepest oceanic sounding[ J].
Nature, 1952, 169(4302): 601-603.

[7] TJamieson A J, Fujii T, Mayor D J, et al. Hadal trenches: The e-
cology of the deepest places on Earth[J]. Trends in Ecology & E-
volution, 2010, 25(3): 190-197.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

VoRE, BT, AR, & AR FE SR IIE M.
REEWIRY I, T4 WEHE MR, 2017,
Fan Diao, Meng Shuyu, Xing Zhibin, et al. Inversion of the Mari-
ana Trench Seabed Terrain Using Gravity Anomaly[ M. Xian:
National Security Geophysics Series, 2017,
B, REWY. EFEERWIEFE LY BRI R R LT
HERLET], 1999(1): 65-78.
Luo Yanxin, Song Jingming. Progress in studies on marine biogeo-
chemistry process of biogenic elements[J]. Studia Marine Sinica,
1999(1) . 65-78.
Ra, ZHR, BER #OF T RPEE RIBHR (4SS E)YE
FREVR AR R KT IE K B R Y PO Wt s L) . iRl
£, 1997(1>. 133-141.
Song Jinming, Li Pengcheng, Zhan Bingiu. Variability of nutri-
ents and effect of rainwater on seawater nutrients in the tropical
west Pacific[ ] . Studia Marine Sinica, 1997(1): 133-141.
Liu R, Wang L, Wei Y, et al. The Hadal Biosphere: Recent in-
sights and new directions[J]. Deep Sea Research Part II: Topical
Studies in Oceanography, 2018, 155; 11-18.
Hamiltongalat K, Galat D L. Seasonal variation of nutrients, or-
ganic carbon, ATP, and microbial standing crops in a vertical
profile of Pyramid Lake, Nevada[ J]. Hydrobiologia, 1983, 105
(1): 27-43.
Obata H, Nishioka J, Kim T, et al. Dissolved iron and zinc in
Sagami Bay and the Izu-Ogasawara Trench[J]. Journal of Ocea-
nography, 2017, 73(3): 333-344.
Riley J P, Skirrow G . Schlungbaum G. Chemical Oceanography
[M]. 2nd edition. International Review of Hydrobiology, London
and New York: Academic Press, 2010, 389-392.
Siedler G, Holfort J, Zenk W, et al. Deep-water flow in the Mari-
ana and Caroline Basins[J]. ] Phys Oceanogr, 2004, 34(3) . 566.
Johnson G C, Toole ] M. Flow of deep and bottom waters in the
Pacific at 10°N[J]. Deep-Sea Res, 1993, 40(2): 371-394.
Kawabe M, Taira K. Water masses and properties of 165°E in the
western Pacific [ J]. Journal of Geophysical Research Atmos-
pheres, 1998, 1031(C6): 12941-12958.
Wijffels S E, Tode ] M, Bryden H L, et al. The water masses
and circulation at 10°N in the Pacific[ ] . Deep Sea Research Part I
Oceanographic Research Papers, 1996, 43(4). 501-544.
GB 17378. 4-2007, ¥ IEMIFTELS]. 2007,
GB 17378. 4-2007, Marine Monitoring Specifications[ S]. 2007.
Grasshorf K, Kremling K. Method of Seawater Analysis[ M.
[s.1.]: John Wiley & sons, 1999.
Bryden H L. New polynomials for thermal expansion, adiabatic
temperature gradient and potential temperature of sea water[J].
Deep-Sea Research and Oceanographic Abstracts, 1973, 20(4):
401-408.
Liu Y, Liu X, Lv X, et al. Watermass properties and deep cur-
rents in the northern Yap Trench observed by the Submersible
TJiaolong system[J]. Deep Sea Research Part I Oceanographic Re-
search Papers, 2018, 139. 27-42.
Huang C, Xie Q, Wang D, et al. Seasonal variability of water
characteristics in the Challenger Deep observed by four cruises
[I]. Scientific Reports, 2018, 8(1); 11791-11797.

Mantyla A W, Reid J L. Measurements of water characteristics at



80

FOE B ¥ K

2

20204

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

depths greater than 10 km in the Marianas Trench[ J]. Deep-Sea
Research, 1978, 25(2); 169-173.

HfE, ZEREE, F0E BERE SR IM] LR BFEFE N
R, 1999.

Feng Shizuo, Li Fengqi, Li Shaojing. Introduction to Marine sci-
ence[ M. Beijing: Higher Education Press, 1999.

ERE, BER, ZHEE TEFERASHEANE SR
(7). e R S A HE . 1999, 19(3) . 3947,

Wang Chengshan, Hu Xiumian, Li Xianghui. Dissolved oxygen in
palaec-ocean anoxic events and high-oxic problems[J]. Marine
Geology&.Quaternary Geology, 1999, 19(3). 39-47.

Ak, RV B BRERES TR/ MEY VMR ] B
23R PR, 1986, 8(2): 184-189

Diao Huanxiang. Discussion on formation mechanism of minimum
vertical distribution of dissolved oxygen in Pacific Ocean[]]. Acta
Oceanologica Sincia, 1986, 8(2): 184-189.

Johnson G C, Toole ] M. Flow of deep and bottom waters in the
Pacific at 10°N[J]. Deep-Sea Res, 1993, 40(2): 371-394.
Kawabe M. Deep water properties and circulation in the Western
North Pacific[J]. Elsevier Oceanography, 1993, 59: 17-37,
Kawabe M, Fujio S, Yanagimoto D. Deep-water circulation at low
latitudes in the western North Pacific[ J]. Deep Sea Research Part
I. Oceanographic Research Papers, 2003, 50(5): 631-656.

Kim T, Obata H, Kondo Y, et al. Distribution and speciation of
dissolved zinc in the western North Pacific and its adjacent seas
[T]. Marine Chemistry, 2015, 173: 330-341.

Elskens M, Baeyens W, Goeyens L. Contribution of nitrate to the
uptake of nitrogen by phytoplankton in an ocean margin environ-
ment[J]. Hydrobiologia, 1997, 353(1-3): 139-152

Luo M, Gieskes J, Chen L, et al. Provenances, distribution, and

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

accumulation of organic matter in the southern Mariana Trench
rim and slope: Implication for carbon cycle and burial in hadal
trenches[ J]. Marine Geology, 2017, 386(2) . 486-498.
Benitez-Nelson C R. The bhiogeochemical cycling of phosphorus in
marine systems[ ] |. Earth Science Reviews, 2000, 51(1): 109-
135.

Li J, Reardon P, Mckinley J P, et al. Water column particulate
matter: A key contributor to phosphorus regeneration in a coastal
eutrophic environment, the Chesapeake Bay[J]. Journal of Geo-
physical Research: Biogeosciences, 2017, 122; 737-752.
Beniteznelson C R, O’Neill Madden L P, Styles, Renée M, et al.
Inorganic and organic sinking particulate phosphorus fluxes across
the oxic/anoxic water column of Cariaco Basin, Venezuela[] .
Marine Chemistry, 2007, 105(1): 90-100.

Defforey D, Paytan A. Phosphorus cycling in marine sediments:
Advances and challenges[ J]. Chemical Geology, 2018, 477 1-11.
RIEBR. b, BMIM] R Rk EoR At . 1984
Zhang Zhengbin, Marine Chemistry[ M]. Shanghai: Shanghai Sci-
ence and Technology Press, 1984.

TP, AR R, B SRR K S AR E LT . g EERRSE, 2001,
25(6): 16-19.

Zhang Ping, Shen Zhiliang. Water-characteristics of nutrient limi-
tation[ J]. Marine Science, 2001, 25(6): 16-19.

Redfield A C. The influence of organisms on the composition of
sea-water[ J]. Sea, 1963, 40(6): 640-644.

Hirose K, Kamiya H. Vertical nutrient distributions in the West-
ern North Pacific Ocean: simple model for estimating nutrient up-
welling, export flux and consumption rates[J]. Journal of Ocea-

nography, 2003, 59(2): 149-161.



14

FWH, B B R AR PREEIN T E SR A B RHE 81

The Vertical Distribution of Nutrients in the Challenge Deep of the Mariana Trench

LI Ya-Nan, CHEN Hong-Tao, GU Wen-Yan, WANG Guo-Shan, JIAO Heng-Chen, ZHU Chen-Jian
(College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: Based on the samples collected in the Mariana trench, the authors analyzed the vertical dis-
tribution of nutrients, temperature, salinity. dissolved oxygen and pH. Moreover, the structure and in-
fluence factor of nutrients were discussed. The results show that the maximum value of dissolved oxygen
in Mariana trench was in the surface layer and the minimum value was at 1 000 m in depth. However,
there was a high dissolved oxygen value (5. 79 mg/L?) at 8 700 m in depth, which may be related to the
existence of oxygen-enriched water masses. The nitrate concentration in surface layer was low, and there
are two peaks at 1 000 and 5 367 m. Dissolved organic nitrogen is the main form of dissolved total nitro-
gen in surface seawater. From surface to bottom, dissolved inorganic nitrogen gradually became the
dominant form of dissolved total nitrogen. In terms of vertical distribution, the concentration of phos-
phate was the lowest at the surface layer. Maximum value was at 1 000 m in depth (2. 84 pmol « L"),
Below 1 000 m in depth, concentration gradually decreased with depth. Silicate was depleted at surface
layer. Maximum value (161. 65 pmol » L™") was at approximately 4 000 m. At the maximum depth, sil-
icate concentration was still high. The results indicate that the vertical distribution characteristics of dis-
solved oxygen, pH and nutrients in the Mariana trench are closely related to ocean circulation, trench
morphology and biological activities.

Key words: Mariana trench; Challenge Deep; dissolved oxygen; nutrients; vertical distribution
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