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KHFALG 0.07ppm (& P.Os 2§ 0.16ppm)Ui, /EREM& BB AIHE KD EE 5—6 MK
BAMEKREN? HelEFERE? BFRIEX DA XBE—MEBYE—M, R LIFA
W EE IR ISR IE A B, TR R BRI EEPRE K T#ko

' — . Bbie iR AE
PRV B — R TR B A B BRI SIS B IR 8o HE MR TN T
MREMPIRBRR, LERERRD BEEVRERE; BI508BEAGPROE, 2K
o IS B RE SIERAE LI MRN, AN B RS LR H R B S (B I-1,E 1, 2),
ABIEDHHBIEHIE, REABREFORDSAKAEETE, RENRY B
W, MEREFNSIEHRERBETIER LNER.
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Fig. 1. Distribution of guano and imsular phosphate Fig. 2. Distribution of guano om
oa Dongdao Island, Xisha Islands Ganquandao Island, Xisha Islands,

PAZR S RO 55 0 0, RER R BIR R Bnk 1 il L REAMBEHE, &X
BYREFEPENFE,ED 2—5em;

2. R ESETR, HPBER, EEHEIE (6.81—33.6%), P.O; MERBREE
(23.84—31.16%), AEE 10—25cm;

3, I E B, A —IRBE . BHRRER, BHEaMEE K. RESIWNFTEAR,
BREJLEXE 30 ERAE RA-KBRAR, oalkiE, DEIEERGE, BKE
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BEo —E 20—80cm, MHIHEANE 2m 4, HEZFA TR, FHRETEERE
RELRRE GREMDREDE, &R, CCO KEREE 90% Ml Lo

EREMENAEERIE R, BRUNTHR. BEEFTURR 8—10m ENE
o MBHIEMYGERE, AIMDAHE LRAUR 3 BTR, BI1E: 1. RESELH;
2. BEHBRALIGE RN BRESER; 3, BBRRMANKEY,S

EHFEEEKER EMAR TR, HFEOBAIR. ERECEMSETUE, BY
EFANE ERESHABERRE Y, BV — 2, BEF—BRAELE, ESHAXE
HE, B AR R E . WAMBIEBRORANILE, BRI TRE Y. b4, BFAER
AR A FLEROZRIA R @, —EHN 2R RER [-5,6)c & XEHTH TPk
RISV EHE, BISBPE BB B —Ca(PO,)sy nH0, AT #AE B
(B 3)o BABASEA AT R , 7T LLAA S BKe o S B P R [ Bk R B BB BRI 43 3R X
ARFEEEYEE, BEEAS, ERECTEARKG, MARERBY EEREY
MR ZEHF & RBEOBRRET A, BAEEMEL G, BFRADITERE,X
ABHEER ISR TERENEEDE, BTRNIHAHENRL: S4RE
mHE b ZEBN, AR ELHABREN; SEETER S8 B kEk
W EXARMNIT K. HEW, ERAIET, BN EREREMOTERANLE (BR 1-
2y 3)o
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Fig. 3 The X-ray diffractogram of insular phosphate, Sample D-833.
P. BEERCRIEEE; A A% Co HEAT Rk

P-peaks of collophanite; A-peaks of aragonite; C-peaks of calcite,
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BARBTEROFHEEMY 0.07ppm, HESHXBAHS, MZENEENF
W, TR KRERNES. BT, FRRITIBAERENR. fE
99.6% 5 Ca'*, Mg** 44, MEZEUBES HEL BREHAFTE. 55RE0NE
R RBEHYNERRAK (0—50m) A8, KRB HFRERNT: —BEREEAKS,
AN E, ETFUBRRTAENE. 7 0—50m KK, BRETHY 6—60us/L
(B0 0.006—0.06ppm), TIAEKRZEZREKFNA 0—40sg/L, FEBRTHHERBWEKT
% 0.1—40pg/L, TEREHERIIRBARIY 3—6ug/LY FMKRBEMFEAKD B
SEBLEHERED K. RIONMASRWENKERBHTENSRNT 0.09ppm, AL

RIER—B (& 2)o
#2 FEHgERd P, Ca Mg, Sr ELEHIE”
Table 2 Contents of elements P, Ca, Mg, Sr in some samples’
HRS HRAR P P,0, Ca Mg Sr
number of samples | name of samples (%) (%) (%) ppm ppm
R 852 RERBEK <IKI0™* | <2.1X107%| 2.41%X 1072 481 5.7
# 851 REB#MAK <9X107° | <2.1X107*| 1.84X 1072 247 6.7
830 AR <IRI10™® [ <2.1%10°7| 36.98 750 5900
7= 853 k=g 4.3 9.85 7.70 2500 170
7 8114 %t 7.0 16.03 15.24 1900 1000
% 8115 RKEHREERR 3.8 8.70 34.51 1100 4400
#*® 833 R EER 6.8 15.57 33.01 6600 3300
* REH EETRETREER ICP E.
#3 EEXEADEPEEEHFDEHE
Table 3 Contents of P and P,0, of scme organism bodies in marine food chain.
BRER Ly P P,0,
traphic level Presentative organisms (%) (%)
_ g Peridineans 0.57—1.30 1.31—2.98
PRETE ; —1.27 -
Primary producess K@ Diatoms 0.31—1.27 0.71—2.91
4375 Green algae 1.00—3.30 2.29—17.56
$a R Copepods 0.37—1.03 0.85—2.36
PRWEBRE ¢ ; - -
Primary consamers ¥R Euphausids 1.39—1.60 3.18—3.67
HE g2 Pteropods 0.23—0.38 0.53—0.87
7K Medusae 0.12—0.44 0.27—1.01
B4 Crusiacea 0.10—2.35 0.23—5.38
EW¥5¥ Zooplankton ~—10.00 —22.91
REBX=RHREE e .
Second or third consumers; =16 1.9 0.94—1.84 2.15—4.22
£ % 6.50—8.30 14,89—19.02
&5 —16.00 —36.66
£ B( 7R 853) 4.30 9.85

* o IER K 853 LI4hE85IE G. N. Baturin, 1982,
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MR T EE L, BTEBERRT, 2RO TSER, RIREYSE
BRI R — B — S R AW EN SR TR R E ST R, EATHRBR
EEY— SRR SRR AT AN REE S, XF A Mk A AL 205
KR EHERETE N £ 3PARTHEADES , R WhREES BEERH
HEE, TUHBHEREBESYETNEESE. EIEERMENNRESEN
TR — P VA ES, AR KRR, HERTRBAESET
5—6 MIRE (P = 0.31—3.3%); EAMENMBENTHHW OB ER RERMFE
26 (I ) S 8 i B TR I T AR5 B, LR B RIS EE R — 3T (P = 0.23—1.60%);
HEMBENBLERBER— R ERSHMEBRENE R RART, BOEEEEE
—HHIESE, R TE 10—16%0 HILTH, XEEEKTHNEREARN BEAR
RIS B S R SRR — R AR, KRS EAENLRE, BRTHTEN
MHEEES,
=. BB E RNz EH

WA ALRREREAYENEENS RN RE, NEEHINBERREY, &
Il &, B R B Tl e R A TR R S Fnd BT, TRBSRTE
BT R E RS, RS ER A ER. mREEBRNTETRE,
GREHRIET IR, BRI, R R R, R K RS TEIR, AR
B R EEAR SIS B AT Ko Rilt, ROTEE R H LR E 4 B is BouE
BRI B R o

ok | 8RR, PR SRR B, T R B AT R, DR AT &,
Pho M, LR BARMIE %, BIEXE. XELEWEER: RRSTORE
S, H RRIRER Y Fu L R A R TR R TR AR, S B B — R T

DIFEIDEE 0 B, R BRI B 85, BB IR IR S BN BER RS R
ZTHHIRED , BB NEKE RS BB ETE (Pionia grands, HSFRIRBUREETRR)
SHEMEEL, B 8—10m, KRHM, HIHE, BRTARRAR, EHAEMIER, K,
Eiith. EAMERE M L%ES A LRREE AT THRARTR (B 1-4); MiRAS
W EEERRS R DI AR (Scaevola sericea, 1B FEHK) P BEARKEEE Y Y -, .
BE S IR B LT B BB S KR, EFR AR R X T, R TR B85
RE PP ES, AURESEIR. RTMBRENESY —B%E. NESS
g HE 7k 8114 T, IS T4 7.0% (& PO, % 16.0%) (k2), HETK30% £4
(F 1o XFEREII L%+ B ER TR, R & B AT EFHo

. RSB AKHE , BRI R
B IO TR BT, PRDRBIETIRY 1488.8mnlY, JRD S LT AR
W, WHE Im 24, BEHREEHETRREERE . HF AW UL KRAR

K BRRIRE BISHEIRIBKZ o FDBSS B KT HELE 0.64—2.51g/L Z
WL A B (IR K E LA Se/Lo BNBH/KMEREEATEERAK, B 3.21%
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Table 4 Chemical components of part of groundwaters and lagoonal waters on Xisha Islands.

B&S REM C KEEER CHEE H PO7~"
number of samples locations kinds of water | salinity (g/L) P (%)
W6 7K 3* KM K 0.64 8.4 0.021
W6 7K 4* KK H K 0.74 8.5 0.023
w7 Kk 3* R B # K 1.68 8.4 0.066
RK 811 R 5 # K 1.29
w8 Kk 1* B & # K 2.51 8.3
w8 Kk 2* s # K 1.91 7.7 0.007
Wiz K 1* TS # K 5.00 7.9 0.012
7K 801 % 57K 7.33
RK 812 R & 5 #K 3.21
ZK 801 LS 1EiiK 50,76

*EEFRE%E, 1977,

F'50.76%00 HRAGBMEK, pH>7, BBAGFEHEEBX Gk 4. NAHERER
HOHER KO BR Y, R BEOTURBIE L, #EAHEKA pH EERRBH ERFIEGE Do

253 RS WA IE, BIRINE T 19 38 L p0 8 YL SR Wik 43 8 , A= W o T8 TURL
W, B ER AR S E AR BB e, RARIE: RWEZ LR ISR
VEH, EMRBF AR E T, HIRAETLER, EEIW R E SR BB P ERE L,
(fnzk 2 FETS, B EE, RO ERH R, B 5900ppm ¥4 4400—3100ppm; IR
ShERNERES (750 > 1100 — 6600ppm), HILKFAMPABMERER 1 R
RS TEENENHEENEL L, ENETESRNEL, ERRBRIERTTREZK
S FR B IS, BB IEAENEEYBREE SR IREE WK AR RERM
BB To EH T AKIREES , 52 3 R A0 7] b B RR , IR IR 8 2%, H SRR TS
R R A B AR R T AL B o AT K E DUT , ta FFLB K B iR SR B , B LAE
FRE RSB BRI s AR R A o tERAd B E
HREEIEE VEE, AR A, XEERLHT R AR S,

FIk-4 (Jr. L. L. Ames, 1959) B EKIER, EREMRILBKT, Y pH £7
PIE, HRAERBBIKERR. MEHETNERRERENKAY . LRIETH
RN BRFERIMT:

1) 3CaO + 2H;PO, —> Ca3(PO,); + 3H;O

8{ nCaO + mH;PO, —> nCaO - mPO, - PH,O

2) 10CaCO; + 6H;PO, —> Cay0o(PO,)((CO;) + 9H,0 + 9CO,

KB, BRUTHR BT BREDRBRBKANENGLUEEHRET R, IEER
BHWE UZKRENELT, BRRE. WABICEE L LRSI, P& &+
TRE SR, SR8 IR AR TR S 3R, ER B S5 AR S A B XN T A 75 ##
 ABEY . AESRNENTRRE Y. TREBSRSWEREF, HLEMT, HRE

TORRTE W R S HE B AR, T SRR SR R S8 , R SE , DIKAER # P.Os B
SERKIE, FRERNELEETE—o
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XEE, SHERONMBIEFH(E PO, BIREZ] 8.59%)RKESIMN B (& PO, B
REZR] 3.89%), B BRI, E PO, WERTUERE 30—40%, T i & AL
MBS . FRfBRA, RBRBRSTRAREMNKD BUEY RS IE#MILED KA
DR, BAR SIS PR T R R

HTAEDERBNEREART, WABBECEHEN LS ELHN “C FRAES
4490—5160 £, FIHEENE 1 Ko XNFHELNHEER, FEARBEZLLRKE
KBRS AR MRS ERE R, RERAMRTEERX 24m D -, RAEE. &
BRENBIS#ICE D R

%

“H

AMIMESZEOAEIEE B LM R R EDEP RGN BAAEREE
PR AR, MR A RED R ERE EFEN, MIREFEI B RAERESTENTE
HEARESRRE ", EEMPFBRXXMESRSZEE AP SERBOBTE, 234
WENZRAEETMEIEEEWERE; CEMMNBEXEROSDRERFHRERAY
RPRE B SR E—SERBFRENREE LR ERRK DS B, A RS EER
Tkt WMHIBHKDEABILENER, R TREENERM: FTRPES
BERRYD BREFAREERNREF LENTRE, XAE S ERFRAER RN HTBE &
B RPATSREDL IS TR RIR, HEH T KRB XS 2 sk
PERBERBRBETREBRAMAT LN R, LRMMEGHRANSER, KIDBITR
R, BORH IS AT R E U ER BE R, HEHRET R Ex—
EYESE—RE BN SER, SRR ED, B RS — MBI PR,
AR S RPFRNOAEER; XBRET HIEIET KRR EE R TREEENK
s ko

EVESHARSEENMBRERATEABRBERARE S T. YR, HEE=
ERFABAETLEENHMER L A—EREABERN—#EZ T, MALEABEERAHRE
WEHFTARE T, BEERYHERISHILETE R OEREBERK.

BRAARSEENBRENSEEAKR, A #r W EEEEREEHEBERBEKE
WERREIEBARY, BREANRT TIEELENR: BEEDEREGIEDS
BT IR ESR; ERENHHEBAEDTRERE R#BRENR, Rk —PES &
BRAGERRBER K AR, REEARBBREERSRBBESRDREMHRER
W E T R B BB B IR , NI KT R B BB IR B ™ FRo

AREHARIEHEE LETRETERRBERE. BRERREBIE X L5
SHTFL ICP o3iT, AHMEFEMRBEMET R AR RDEBIERARE LS, EREBHES
TR MC RN ERIE, ARIURAF ORNEEEET BFERE S, Elib—
IR IREE
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ANIMALS AND MINERALIZATION OF PHOSPHORUS:
ORE-FORMING MECHANISM OF PHOSPHORITES*

Wang Guozhong, Lu Bingquan and Quan Songging

(Research Instituze of Marine Engineering and Marine Geology, Tongji University, Shanghai)

Abstract

Guano, or insular phosphate, commonly containing a P»Os content of 10—35%, is one of
the sources of phosphatic manures. As an example of modern phosphate of the Xisha Islands,
China, this paper discusses the mechanism of mineralization of phosphate and the important con-
tribution of animals in this process. :

Phosphate occurs in the middle part of carbonate sand clay of coral reef. The clay is sur-
rounded by the longshore dam and has a dish-form in relief. The surface is covered by yellow-
bown to black-brown in colour and it is thick-bedded and of sand-gravel texture. Its grains
are cemented by colloidal cement of collophanite and are partly replaced by carbonate-apatite.

The mechanism of mineralization is as follows: The average content of phosphorus in the
seawater is only 0.07 ppm. Becarse of the sea food chain concentration, phosphorus is concen-
trated to a high content. The phytoplanktons, as producers, suck up phosphorus from the sea
water. The primary consumer—zooplanktons—obtain.phosphorus through eating phytoplanktons.
Then phosphorus is further concentrated by the second and third consumers, including zooplan-°
ktons and fishes. As third consumers, the sea birds by way of eating fishes concentrate and
transport the phosphorus to the carbonate sand cla)}. Thus under the arbores (high forest)
layers of guano are deposited. '

In the tropic climate with high temperature and high rainfall, the guano is solved and moves
down to the deeper horizon. In alkaline groundwater, with a pH greater than 7.0, the phospho-
ritization takes ﬁla'ce. Bioclastscs are cemented and replaced by collophanite or carbonate-apa-
tite. Finally the phosphorus is fixed and phosphate is formed.

* Projects supported by the Science Fund of the Chinese Academy of. Soiences
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