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RE AXWANLFRAOFHRASHITET RAERMKRE. FRAGHNCA ZHT PR RN T
WALAMEBRET. MEL EEERBERE TEMREMOEAIES, BEREMEBREE, ﬁﬁﬁﬁm
ERER, XENMTTEREGE - MEEEL. FHER EPREEE —pH BAF. £ T HRHTHAES
M F R AT AR A RASE K pH &F, TWHE CHREBRMBNFTEER. BKY pH AIREEET -
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LIMNARNSFTEYHART AR, FESRAXHE—IFL, FHEEERLY
B, TACHWEYRETYREZEESTY, KA =02 U FHBESHM (Cooker
al.. 1984; Cloud et al.. 1982; Lowenstam etal., 1983.). FAEEMFEALHE BN AN L
B, BELYERESEREHERELE THEMEL: HEREBUSWITEANITERD
WMERE, FERBMBAEUSRXAMEFBAOTBATFLE TR ERSRERNEFR
(James ef al., 1983; Lowenstam. 1963; Milliken et al., 1977; Wilkinson, 1979)., X8k
BRMEH T EE: FEYEENERKS A, AT 2EN A NETHTHTY
HE? NREMABRRERGED N TR IERYE? AL, 0GB MR #m R
FE T X — [ K,

—. BRERELT YA B MR R A B AR U B9 BT 2 R

MERENFTAEVHANT AR —REUBRE I FEROIEHFKE (R
EW=mH, WERFLA), MB—-LMNEUKRS AT ENFEAH LA, EIERT
EPbaP e RER. EREAES, MTTTEYHEDT HIBRLREFUN T LR

Ca*+C0% =CaCo, (1)

£

3Ca*" +2P0O) =Ca, (PQ,) , (2)

T E BB 2= M BB 5T BT /R W) S s BR (L TR OB o L Sa E R B IR
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B Tl TR IR A MK R B R TA IR, DRt K U A HE R 1R LR pH (B AL B
. BEIIANTZAEYHBABIBE, BKE pH REBCEBROREEBENTL (BTHE,
1980), FATWIAT LLAE I BRACKG 7K 6 fh 2 R4 SR B HEL o g FE 2R B

EAKBEBIRZESD, H,CO, B—_uH®, H,PO, MR HPFHREMN=TTK, EINTHNE
ERRF =R B

H,CO,=H"+HCO; K,=43x107;
HCO,=H"+CO03%" K,=56x10"";
H,PO,=H"+H,PO, K,=73x107%
H,PO,=H'+HPO: K,=62x107%
HPO  =H"+PO;" K,=1x107"%,

Hit, XKRKkH COTf PO MM BB FIF A M pH (H. UBAME KNG, X4
pH=8, BKMERIE (5HEYCD KX 1.2x107°M, BHEKRE (BEY([P) H2x10°M
WD, BWIHE RS, WA COVMMEE X 4.69x 107°M, PO, MIEKE N 1.81x107M, *%i&
AWMKESEETHRAKEE FOREMEER, BKPNEYWER. B %o ERE
YiRZ, HESHEFHLRAEHRE (BEE) SHEMMKRERSES, AIHALEH
COS 71 PO, B FRITEE R B E MM EN FIHATRIE. BEXRICEANRRITE (kL
¥, 1979; Garrels et al., 1962; Broeker et al., 1971), COIBIEB E rcor =1.8x
1072, POy HITE R reor =1.94x 1078, WX AR E TERREKFEES RN
Acor =8.44x107°M, apoi‘=3.51X10—9Mu METE, Ca¥ kBB RIEENASER CaCO;
PUIEM Cay (PO,) ,¥ilE. MERRFER (1) 1 (2), "I ENTH R T8 5 By 54 5
H:

2 taco, Aeq, ipo,) |
K = K_‘ =
g . a4 s 2 3 D
Ca” co; aC'u:A aPOL

4

ATEEREES R 1. BEEFEIR:
AG?=-RTInK
AP AG TR A BAFSAMHERAAEITERE, RAIEH, T=298.15K
(25C), TEBH:
AG{, =RT (lnacs—+lnacs) (3)
AG;,=RT (3lnac.s+2lnaror) (4)
RS ERIE F AR A A XBE (RELSE, 1985), HHREZRWT.
MFHEE A da=107"M,
XA Ac=107"M;
MTBESE  dc-=107"M,
FH, YEEEAPH Ca B FHEN 1.02x107°M &, ABR 3) A1 @) it®’

PIHRMTEF B feF &, BRICFIR L 1982 (A&
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K88 COY #1 PO} AUTEHEA918:
BB dcor=10"M,
X A Gcor=10""M;
BME  aror=10"""M.

ERHEEREREY, ARRBKEHT, YpH=8, T (O =12x107M,

Y (P) =2x10°M B, Ca®WEERERP 107 M B, Ca, (PO,) , RAIVLIEHR, EF
BEsth, AN Ca”'EESFIMATE 1072M M 1072%M B, HRRAFSCAE A S RN
3. A, %EFE (Ca™) =1.02x10°M i, PO} HEAFADE 10°°M, HLA Cay
(PO, , BLEAR, MEHRATEAR XA, COT MIMEEWLHHE 100" M #
1077M.,

HBHFERR, BARLEY¥E pH #HMLEES F 5SRRBERE-EEHN, LYK
w‘fhf’ﬁ)ﬁﬁiﬁmmﬁﬁﬁzrﬁltﬂﬁﬁiﬁiﬁ, EAEYT HERI =AY Pk 58
JEEM%EEMX#EB‘%&%ﬁ%%EE‘ZﬁLWIZE'J, RIS FEFENES., EYFLER
[FIRE O AR B AR R S T AL, Bk, EARIT RS R T
B— I REL: ENTEYEELRS, BMATYNEYTIEREL, RMLT I8
ST HERAER, MERRINEVY LIERNEE, FRAOVILERER, XAy LER.
.

T, BRBRENBREENIEE —pH B#

AN FZEPUAPEERENRME OFBOAXH) AIRMEXFERHTHHAE LR,
BINEEHTBEARETEAC. P. Ca=F, ATENBAEEMNTE, HHSHEN Eh
LXK, WMERR, #HF H,CO; M1 H,PO, IAE LM, ENEKBBPEERELNE
REE, WHP (COI) A (POY)Y ¥Z¥ pH AAMH, FHit, ROTTLMESLREE
(FBAMA) MBEMILY logdca—pH B, B MTELES, DURBEHERLE
B, BERKPHBREEUMHBHERAELE: H,CO;. HCO;. COT, BLINFARIE
f£: H,PO,. H,PO;. HPO; . PO (XBEHREZEH KD ARIASYHFTSHKEM
B). B4, BAKPHBK. BEKRESHEE:

¥y (C) = (H,COy + (HCO3) + (CO)
, Yy (P) = (H,PO.) + (H,PO;) + (HPO}) + (PO}

X R XAAE, BEY (O =12x107M, ¥ (PY =2x10°M. RERRHE

FASERTT LA S5 i 0 T AL R4 1T H,CO;:
logK;=1log (HCO;) —log (H,CO;) —pH
logK,=log (CO3) ~log (HCO;) —pH
¥ (C) = (H,COy + (HCO3) + (COY)

KP K, K. ¥ (C) HREEAM; XTF H,PO,
logK,=log (H,PO;) —log (H,PO,) —pH
logK,=log (HPO}) —log (H,PO;) —pH
logK;=log (PO;") —log (HPO; ) -pH
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Y (P) = (H:PO + (H,PO;) + (HPO;) + (PO;)
KB K, Koo K. Y (P ARGZCHN. AEEEAEPpHHA, SHaRKEEBR+E
EEEHMAKER, HTHEREWH., % pH=6.45 8, H.CO; By — %K & & 5 F 1,
pH=105/f, “#HEMEV4; *F H,PO,, pH=22H1, —REMEFH, pH=74
Bf, “REHETHE, pH=1287. —REMATE. FHEME, KIOTTLURERE pH
S TFTHERPARFEERN CO; M PO;”, KM pH &£ Fi%E CaCO;

Ca; (PO, ,TIEMEMR Ca™ B FiEE, TEKIER (B ). HEEHNE. LRHE
BLE 25T (298.15K). latm BARH#ER I T B, KIEBEMEINEE, BEIMURESE
B KMERE. B BEPHEXES BB TAAME, TRES U mEE
HZk,
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Fig. 1  Activity—pH diagram of carbonate and phosphate minerals.

MWELATLVE S, 45l Ca M8 FIEER KA. £ pH EBEAEN T, Bk
MusE it HrlRelE it (AP ELF ). RME SR AT HENELIREP. &
EEIRK ARFES, IFLEATREEN, HAh. ARRAREKLEREEK ENMHY
Ca [HEH AT AWM SR (A ki) : ;4 - F HPO, ¥ii. pH=2.2 #f,
—REE BT, B pH <22 4 H.PO, WL #Y%, i pH &1 F. H4E Ca, (PO, -1
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TEARE, BRESKEWMTRMN:

Ca, (PO,) ,+6H"=3Ca*+2HPO,
4% F H,CO, ¥if. pH=6.450, —REMETHE, B pH<6.45 % H.CO, WLH
%, WA CaCO, AR, FERFEWTRIY:

CaCO,+2H" = Ca’*+H,CO,
—H,0+CO0, *

B, EXRFED, BRERAE pH>2.2 8, ABEFEH L, Mkt A Y pH>
6.45 B REULIEATY (AP TRTS). X—ERHNRY, AREBFENOEALIRS, K
EBKD Ca"EMNESHIMAMEK pH Al R FE. REFHMUE EALBAY
pH=8.1) X, BERZV YLLK, MEARKKREARE. BmE 1 KN —A-Mm,
IR B B R T A EAE B, REENTDEREL, FRAaNTERE
K, XARFTHEREGX —HESEL,

=, ERSrRAEYAA 8 E RS

R ERTR, RATUE | AER, EESTRAARRT YA G 5Tien B abih e A
HEH R,

M1 aLUEE, X pH>2.2 6, BEERILEEAILIGIIENT . EXH A EAL L BIHEHR
LRy BMEK pH BIEMER T, AERBRENATEE. BVEPNENEE, FUEBL
pH KRR EHEANSER, HEEBKP CGTETERERFARMNSE., RIT4HE, 4
FHKBERLIK, KACH BSAENHLT, EHEFNRATEP, BAKH pH HEE
B 2 U o AR Sy R W B R R K R R R L & B A TR E R B #
MAELAEE (ELE, 1979). oAU, REYRAET - LRI, BHER
AN, BWEAK, HIEZEAL FREERKAYEHFE20251Z2F7!), AHATL2EKEHNK
MBS R AR, HEHARMERENEYN T (N=rh, BERABELTENT) |-
PAR. BERESEREMBRETEARRERNTATIRAA, NHARKEN TN
JTEREX MR BN, Joh AEEKM pH HAS KK, AIRECHEE e, G, B
EHmK pH HANZEHA S, AHBBE 6.45 X—FBH, HCO; T AKK#Y, #kP COT
MWwEE AR, MZ BT SREBIRAE N SR AKHENRET B/KS PO, HIWKE.
M, (9554 8 K F Rl COT E AN T WA S LRYE R EH PO, ¥BE 5.
HmE7TERLE, RRE7. THERERERENIRARAR EXT. PERUES
KE pH 4k2E EFt, B, XAMTRAONTRANEET. EAFERUE, BKH pH #H—
2% EH, —HEB4SHpH KA 8.1, EXMEAIFERLANTLE.

EAIHWAEEREY, EREABEAEFAEHHOCHHTALE WL, 2XXEREUHAR
AFW, ARBGEEL, FHEZMNK.
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Themiodynamic Analysis of the Mineral Assemblages of
Shell Fossils

Wu Mingging Song Yunhua Ouyang Ziyuan

(Institute of Geochemistry, Chinese Academy of Sciences)

Abstract

Based on the mineral compositiens of shell fossils formed in prior to Cambrian period, it has been
found that all the known biogenic minerals were calcium—minerals, and two third of them are composed of
calcium phosphate. With the evolution of biota, the composition of marine skeletons had changed greatly
during the Phanerozoic.In the Palaeozoic it was dominated calcite—secreting inverbrate; the Cenozoic and
modern tseas were characterised by organisms which secreted aragonite and Mg—calcite skeletons, and the
Mesozoic seas contained roughly equal numbers of each. This paper, therefore, aims to discuss these prob-

lems thermodynamically.
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1. Thermodynamic analysis of the forming sequence of carbonate and phosphate minerals.

Under the conditibn of modern seawater, i.e. assumed pH=8, the total concentration of carbon ()
(C)) is 1.2x 107°M, and that of phosphorus (3 (P)) is2x 10" *M. The calculation indicates that
Ocor is 8.44x 107°M, and Oro} is 3.5 10°M.According to the mass—action rule and the
Ernst’s equation AG; =-RT - Ink, the calculated results of Xca*which make the CaCO;and
Ca; (PO,) ,precipitated are:

For carbonates Ocar =107*M (calcite); Oca,=10>%M (aragonite)

For phosphate Oca=107M.

It shows that the precipitation of phosphate took place first followed by the caicite, and
the last was the aragonite.

2.Activity—pH diagram of carbonate and phosphate minerals

Based on the fact that there are two types of mineral associations—carbonate (calcite
and aragonite) and phosphate minerals in shell fossils, the elements, i.e. carbon, phos-
phorus, and calcium, are taken into account.They are not related to the Eh condition of en-
vironment, because they are not vanable— valence elements. As H,CO; and H,;PO, are
polyhydric acids, the incomplete multistage ionization will take place and the %co* and
Opor will be controlled by the pH of solutions.Thus, the lowest activity of Ca**under which
CaCO,and Ca, (PO,) , precipitations take place can be calculated by means of the &cozand
Opo:present in solution at various pH.The log¥c.,,—pH diagram (Fig.1) can be constructed
by using these results.

3.Palaeoenvironment analysis of formation of shell fossils

Also it can be seen clearly from Fig.1, that the precipitation of phosphate minerals take
place at pH>>2.2, but it does not mean that the phosphate shell can be formed at the early
stage of palaeo— ocean evolution under which the pH values were very low in
palaco—seawater.It can be considered that the formation of shells not only depends on the in-
crease of pH values, but also the increase of Ca’"concentrations in seawater.It has been re-
vealed from some gelolgical history information that before the Proterozoic the phosphate
deposition took place in local areas on small scale. In Sinian period ( by that time the
palaeo—ocean had been formed 2000—2500m - a) the whole earth deposition of phosphates
began on large scale followed by the formation of phosphate shells.It was not before long that
the carbonate shells formed widely, it indicated that the pH values of seawater were close to
6 at the end of Proterozoic period.With the increase of pH values reached to 6.45 in Cambrian
period, carbonate shells, particularly calcite shells with lower solubility, were widely
devoloped. From Mesozoic period the formation of aragonite and calcite shells was the result
of pH values’ increase of the seawater. From Cenozoic to present the pH values of seawater
increased gradually up to about 831 During this period the aragonite shells were dominant
too.



