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Microprobe analysea of c e aents a nd wh ole-rock [- r sy 
analyses indicste t he carbonates of the islsnd diage netically 
alter in pr edictable pat t erna . Mi c r opr o be analyses of up to 3 
generatIons of c ese n t indicate compositional ra nges in MgO 
conten t from subtidal , aalt sp r a, inf l uenced , an d es rly snd l s te 
dune cements . Min o r elemen t al co nc ent r ati on a of SrO and MgO i n 
spar r y calCite may be indicstive of chemica lly and 
minerslogically maturing o ve rbur den und er loing di sso lu tion and 
pr o vid ing e hemical eonstituent' f or e e ment f ormat Io n. 

Int r oduc t ion 

Csrbona te s e disents ssy be cemen ted in s variety o f 

diagenetic envi r onBents r angi ng f r os the seafloor to aolian-f r esh 

vster condi t ions . CeBentstion aS1 occ u r at vate r -sediaent 

inte r faces . freah vater-ssrine vster interfacea o r say be a 

phenomenon of de e per buris l. Ch a r act e r ia ti c cese nts v lth 

dlffering chemlst ry . Dinerslogy snd mo r phology msy fo r m in each 

of these en vi ron . ent a . 

Mar ine .,' f r esh vat e r environmenta a r e br oad I , 

subclaaaified in t o phreatiC and vad os e z ones . In the phreatic 

~onea . the pore spaee is constsntly f ill ed v it h fluid. ReSUlting 

cements te nd to be isopschous . that i s . o f equal thickness sround 

grai ns . Cemen t s forsing in the vadose zon e r eflect the passag e 
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of n ... td. thro ... gh the r ock.-.edt.ent •• nd tend to be .ent.c .... and 

pend ... lo ... . tn nat ... re. 

Carbonate aedi_enta ce.ented in the •• rine envi r o n.en t 

are dOllin.ted 

lille.tonea have 

b, aragonlte and high Mg-calcite . Holocene 

aho wn th.t .ragonite and hlgh Mg-c.lcite a r e the 

onl, carbonatea of aignific.nce to precipi ta te inorg.nic.lly f r oll 

a eawater at ahallow depth. (Shi nn, 1969: Alex.nder •• on, 1972 ; 

Bathu r at . 1976 ; " al .• 1976). In fre.h water 

environ.ent. sparry calci te 

gener.lly accepted that .uch 

do.tnatea cellentatton . It is 

o f the cellentation in carbon.te 

r ocka occu r . 

prill.rUy to 

very e arl y 

fresh ",ater 

in their diagenetic hietory and ia due 

expo .... re ( Millillan . 1974; B.th ... rs t, 

1976 ; Longllle n , 1980). 

Although 

recognition of 

ce.ent.tton. 

cellent 

<h' 

" 

lIorphology 

co ndition. 

. ., 
.f 

be one c r iterion fo r 

sed i .ent.tion .nd/o r 

not a definitive char.cteri.tic. f., 
in.tance. ca rbonate 

later be exposed 

rock 

,. 
ce.anted in 

fre.h wate r 

a .ari ne environ.ent .ay 

condition.. Met.atable 

coapo nent. .uch .s aragoniti c o r high Mg -calcite cellent. o r 

gr.in. lIIay be dissolved or neOllorpho. ed to atable lo w Mg-c.lcite . 

Men"lc ... " 

• Yadose 

and pend ... lo .... ce.entl lIay then fOrlll if the r oc k re .ches 

fresh "'ate r enyirOnlllent. .arking the original 

ce.enta tion. 

A. Mclee and Ward (1983) ha .. e indicated , there ia no 

reliable petrographic 

ca rbonate rock 

petrOBraphic-IIorphologic 

indic.tor to diatinguiah ancieot eolian 

ancient 

indicator. 
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these indicators may be destroyed by neomorphism of cements. 

has been shown by cathodoluminescence that the minor elemental 

constituents of these cements may be preserved, although 

morphologic features may be destroyed (Grover and Read, 1978) . 

It was the primary purpose of this study to investigate 

the mi nor elemental chemistry of the cements of the carbonate 

rocks of San Salvador by quantitative microprobe anal,sia . X-ray 

diffraction study was co mbined with microprobe data to further 

place the who le- rock system in perspective . With both these 

.. ethods, the history and nature of these rocks may be better 

examined. Hopefully these findings may be used to help analyze 

mOre ancient rock . 

Methods 

On two separate occasions in the winter and spring of 

1983, the ialand of San Salvador wa s viai ted. Over 250 sampl e s 

wer e collected , thin sectioned and exa ll ined . Thirty of these 

sa .. plea were chosen for more intense study and for ll the ba s ia of 

th is paper. Samples were selected on the basis of sssocistion 

with unique features on the is l and (1. e . Wstl i ngs Castle 

paleosol, Cockburn Town Reef, etc.) snd more broadly , to typify 

s e d imenta t ion and cement a ion characteristics of the island and 

carbonate environmenta in general . The depositional environments 

and sa ll ples specifically chosen for t his psper are: 

1) 

2) 

~lft:1:North Point (83-74, 83 - 75) Sand, POint. 
~ Quarry (above and below paleosol) 

French Bay , Grahams Harbour, Granny 
83-68 , 83-67). 
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3) 

') 

Due to space considerations i ndividua l photo.terogfaphs and 

lam pl e Bnalyse", have been o mi tted . I ndiv idu al roek analyses and 

ph otom i crog raph", msy be f ound in Van Kllu..-enhergh (1984 ) . 

Bulk X-ray data. 1n conjunction ... teh elec trOIl microprob e 

analyses, vere used to typify the the. t st ry and _iller.1oBY of the 

rocks and thl!ir ce.ents . All .1e r op r ohe analyses e.ployed an 

Etech-Autoprohe SJste •• Lo .. apeei."n currents were .lIin ta in ed 

.. ith relatively low accele r ating voltage (15k v ) , . large bea .. 

diameter (S -lOmu) and long count times ( 40 seconds) to .. inl.i~e 

sample damage and insure re l iabl e data . Nine elemen ts .. ere 

typically analJ~e d . Ca , S r and Hg standards .. ere meticulously 

analyzed before and afte r runa . Runs having errors on Hg and Ca 

atanda r da exceeding ± 2vt. % v e r e not acce pt ed . Typical runa on 

Ca and ~g ver e made v thin + l vt. % deviation. All othe r eleaen ts 

vere accepted at + J v t . % and vere typically vithi n ± 2vt.% 

All data va a originally collected and redu ced as 

ox ide percen t ages utl11~lng th e Be nce-Alber e~pirical co rre ctio n 

coefficient s . Data vas r ecalculated on the ha sis of mo le % a s 

commonly used b, ca r bonate pet r ologists . 

KgO and S r O co nce ntrations hsve been ua e d priaarily as 

indicators in this stud, . Hg typicsll, Can be included in the 

6-fold coordinated calcite s tru c ture non-atoichioaetrically up to 

4 lIole %. Un der unusual co nditions HgO concen trati o ns a,y be 

ove r 7%. S r is thought to be an indicator of aragoniti c 
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precurso r s to ceaents. Sr aar be found in unaltered aralonite up 

to a level of 1.2 aoLe %. 

All X-rey diffr a cto~etry wa a done on a Phillips-Norelco 

2000 seriea wa ter c ooled X-ray diffraction unit ~l th a sealed 

proportion31 counter , linear rate .e ter , atsler/ti8er and chart 

recorde r . Radiation WaS eu [ alpha and a aichel filter ~3S used. 

Due to apace cona iderations, all ope r atinl conditions snd ssaple 

preps r ations of both microprobe snd X- r a r ana lyaes a re not given. 

Operating conditions , sasple pr eparstions , ansi, sis t echnique and 

individual table e of ana11aes for each speci.en 8ay be found 1n 

Van huwenbergh (1984). 

Diagenetic Tr ends 

Tllo aajo r diagenetic aodels have eheped the thinkinl of 

car bonete petroloal.t3 in re ce nt ye3rs (T3ble I). Both aodele 

use an initi31 sediaent hsving 81xed HI-calclte s nd aralonite 

cOlilposition . A lirat c eaent 1 s forliled . either concu rrent lI ith , 

or before the loss of Mg. The loaa of MI 18 thoulht to be 

predoainan tl, 1n the fora of high Hg-calcite. After the lose of 

Hg, erelonite 1s thoulht to dieeolve and both aodels cu l ainate 1n 

a IIholly 1011 HI-calcite produ c t. 

At though both a04els sre reasonable, data f r om Smn 

Salvador indicates <h ' sit us tion •• y b, somewhat more 

cOlllp licated. Sa lilplea wer e collected froll! the beachroc ks snd 

8ssociated beach be r as st Crahaaas Harbour and Fren c h Bar . The 

French Bar ssaples reflect both the influence of the high-energ, 

be rr ie r re ef offs hore lI ith hllh proportiona of corel {ralaents 
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Tobie 1 

Diagenetic Models 

L.Jfld (19671 

Suge 

11 '"ililll sedi ment 

2) l'i r Hl Cl'nICn t 

)) LOSS o( 119 

41 OiRsolution-precipitalion of 
ara'l0"tt .. -Cillcitr 

51 Culminatioll o f minerllloq i c al 
c hangl!'s in low Mg-calcite 

Gav i sh and P.-i ed ..... " ,19691 

Stage 

I I Ini~ia l sed iment 

2 1 ~' irst cement . loss o f Mq 

3 1 Oisaoiu tion o f a r agoui t e , 
occlus i oll o f inlt'rpa r tic]c 
por e space , cul.ination of 
.. lncraloqicaJ changes in 
low Mq-c<t)cite 

4) Coralline al gae fragments 
become ljghter CO l o r ed , 
secQlld 9"ner ation (,.lIci t ... 
replaced c alc ite which 
{ o r_d in staq l"s 2 and 3 

Mg-calc ite to c alcite in 
7,000 t o 10 , 000 years. 
al l aragonite to calci t e 
I n 80 , 000-100,000 year ," 



and high Hg-calcit e red algae. Gr ahaaa Harbo\lr aalllplea a re mu c h 

ao r e aragonitic and reflect t he high green algae coaponenta o f 

the offaho r e 

intra c laats, 

aheltered b, enviro naent . Halimeda f r agsenta , 

and pelec,pod { r ag lllent a forlll the bulk o f th e Grehallla 

Ha r bou r sa.plea . In both caaes, French Ba, and Gr aha.a Harbour, 

the beach bera roc ka are a\lch finer grained than th ei r beachrock 

counta r parts . The French Ba, be ech berll lIa a q u ite f riable , 

IIher ea. the Grahaaa Harbour beach bera roc k lIaa f r iable to 

aoderate1, indurated . Whereas the saaple aeta have ... as t ly 

differing mine r alogy. a ailllilar tr end i s seen f rom beachrock t o 

the freah lIater vadose .ltered beach be r ll . Although the higher 

p r opo r tion of a ragon ite in the beach r ocks aay be construed to be 

wholly frolll de valop lilent o f thei r aragoni ti c cellen t a , 

significant ly . the propo r tion of high Kg-calcite has ata,e d the 

sa lle or even inc reased s ligh tly (Figure 1). 

Mic ropr obe dat a ind i cat e a MgO concentr.tiona in t he f i r a t 

cesenta froll 1o_7 lIole t . Apparentl, the high Kg-cIIlctte hlld not 

yet beg\ln to dis.olve to any great degree. Thi. influx of Kg is 

attribu t ed to ba the resul t of leac hing of br \lcite lI ithin the 

gralna o r unidentified organ i c lIatter. Brucita (HgO) haa be e n 

id e ntified in the s tru ctu r e of red alglle (Webe r & [a\lfean . 1965; 

Schmllitz . 1965) end ilia 1 exist to aome degr ee disae.l nll ted I n 

other carbonate aedillenta. 

Further evidence o f the influx of Kg 1. no t ed in a'lIpl e a 

f r olll the Gr anny Lake r eg to n (Flg\l r ea 2 and 3) . A large (400 am) 

key atone vug diaplaying 

.. aa analyzed (Filure 

three petrOl r aphically dist i nct c esenta 

3 , saapIe 83-68). The fi r at t y O 
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LOW /·IG CALCl TE 

I\REW.IT ROCKS 

\flALYS~S 

/ 

\ X"" 

l \ 
i/ I \ 
I., 0, ., \I r . t v v ., ,,\ 

~2AG :)N IT;: H! GH /"G - CALC liE 

Figure 1: Triangle plot of recent rocks X-rsJ analJses ( with 
recent crusts, ,II spice •• 100% of constituent) 

, Sampl e , .. 83- 86 , Grahalls Harbour interUdal beachrock 

• S.sple 00. 83-87, Grah.,. Harbour beach be r a 

6 S •• ple 00. 83-98 . Frend'! B., intertidal beachrock 

V Sample 00. 83-99 , French Bo, lithified beach bera 

[] Sample no . 83-124 . 5, Granny Lake alg81 c r uat (dolomite 
co'panen t plotted with hlgh Ha-cal ci t e) 

I Sam pl e no. 83-275, South Pigeon Creek sup r a-tidal Cfuat 
(dolom ite com ponent plotted with high "g-calci te) 

~ote: Ar r o ws indica te the diag e netic effect of fresh water 
exposure and transition in ,ine r alolJ from the be8ch r ock to 
assoc18ted beach ber • . 

'" 



o 
o 

o 

" 

M • .• . c 

SAIIPLE 83·68 
KEYSTONE 

YU' 
• • • 

I 1\1. ;v,rJArt ! 7" ... m • . ~ . , " . . . , 121)8 

O!STA~Ct IN MICRONS 

• 0 

1200 

DISTA NCE IN MICRONS 

Fi gu ~e 2 : 
no. 83~68, 

M ic r op ~obe analyses, Granny Lake ke y atone vug, aample 
MgO and S r O concent~ations ya. distance (aee table 24) 

(A) Arag on iti c grain 

(B) First cem ent , top of Yug 

(C) Pr isllatic sparry calcite, top of yug 

(D) Coarse, equant , pore filing sparry calcite 

(E) Pri smati C spar ry calcite , bottom o f vug 

(F) Calcitic grain 
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gr6in- r i~aing 

th e final 

ceaenta a r e 

pore-filling 

ineq~ant 

aparr, 

(Fig~ r e 2: B, C, E) ~he r ea s 

calci t e c ement i s eq~ant , 

indicating foraation under relatiyely stsble conditions (f r esh 

~ater ph reatic ~one?) . The first ceaent sho wed cha ra cte ri stic 

high Hg co ncentrstions of tirlt c e sen ts. S~bseq~en t ce~enta sho w 

wildly f l~cuating Hg level I with characte r istic dr o ps i n 

concen tr ation a t the culmina ti on of each ce.enta ti on epiaode . 

Such Hg flucua t ions have been noted by Benson and Hatthews ( 1911 ) 

an d Benson , et a l . (1912) and were attributed to the f irst stages 

of cementstion in freah vadose environmen t. 

Fluctus t ions after <h. Initial pu lae of Hg we r e 

post~lated to be a response t o 

significant changes with tiae. 

an en vir on.e n t thst underwent 

Suc h Hg in fl~~es are slso 

postulated he re to be the rea u lt of s primary In f lu ~ of Hg into 

the sys te . 

dissolution 

due to diasolution of br~cite and/o r o r ganic aatter . 

o f high Hg-calcite and possibly l ocal in f luences as 

po r ous gralna in te riors wi th unst a ble min eralogies a r e o pened to 

the s1stea b1 di sso lution of pr otec tive outer coatings . Howeye r, 

an infl ux of Hg by the addition of diagene t ic a ll, fresh 

ov e r burden , leachinga and depletion o f the aourc e in Hg coul d 

f urth er c omplicate t he pstte rn s . 

Sr conc entrations are such less wil dly fl ucusting ac ro ss 

the vug. Asi de froa the initisl ce.ent whe r e Hg is thoug ht to 

"flood" t he ca l Cite st r uctu r e , SrO sho ws a g r sdusl de c r ease with 

minor significant dec reases at c e ment genersti o n boundar ias to 

ain i a us l e vels in the cen ter of t he por e . The occurr e nce of high 

relstive S r O values at the pore aa r gins and a grad~al decresae to 
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the cente~ of the po~e a~e thought to Indicate that aragonite ia 

undergoing dissolution f r oa the inception of diageneaia rathe r 

than •• a discrete stage after Hg-calcite is diaaolved . 

Ultiaately, the persistence of a r agonite msy be ~ore dependent on 

the po r osity and denaity of aragonite constitutenta r ather th a n 

tta relative stability v ith Tapaect to high Hg-calctte . When 

aample 83-68 ia plotted vith a nother sample froa the aa~e area 

(83-67) a sta tlar pattern ia aeen (Figu r e 3). In this plot , t he 

SrO and MgO concentro.tiona of aorphologically statlar eeaent have 

beeo averaged to a single point. 80th s .... pha exhibit. hi&h HgO 

eoneentr.tion in the fi r .t eeaent dropping to the second ceaent . 

The third. equan t ceaent .... not as veIl developed in sample 

83-67 . From s e cond to thir d cement in s s mple 83-68 the t r en d in 

SrO concent r a t ioos sho .. a an abrupt dro p. This is thought to be 

the result of a maturtng aource of cement (l . e . a aou r ce co_posed 

of increaa!ngly higher percentagea of atabili~ed calcite). 

Not only do Mg levela in sparry ealeite eeaents fluetuate 

within apeeifie sa.ple cementa but they also vary v ith diffe r ing 

depo.ltiona l environaents. Figu r e 4 is s compoaite plot of 14 

aamplea having u p to 3 ganerstions of c e me nt . Saaples collec t ed 

from aedtse n ts deposited in aubti dal condi t ions sho w the high e at 

Mg eoncentrations in their fi r st cement s (Figu r e 4-A). Thia MgO 

conca ntration .sy be co.plicated by t he prese nce of a hig h 

propo r tion of red slgse graina. Dune first eeaenta (Figure 4 - C) 

.ho .. overlapa v ith be.ch bera .nd subtidal sedi.ent in first and 

second ceaents . In second g.neration dune cese n ts (Figu r e 4-0) 

HgO concentrations further decreaae . The lov eat MgO l e vels are 
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Hgure 3: 
of Granny 
100%) 

.. .. 
SRO 3 :: 

CHO 1 (I(j:-; 

.. .. 

\ GRANNY LAKE 

~ WIENTS 

\ 
\ 

y y y y\ 

t·1GO 3% 

Triang le plot of CaO, S r O, and HgO mi c r o probe analyaes 
Lake ceme nt s ( Not e: the CaO valuea a re from 97% to 

X Sampl e 83-67 , beach berm / dune (?) i n ... ater 

+ Sa mple 83 - 68 , beac h berm/dune(?) on aho re, lIit h keystone vu g 

Note: Arr o lls and pathllay a indicate the c hangea in SrO , HBO and 
Ca O co ncentrat i oos with reapect to the three generationa of 
c ement • . 
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I,IGO VS, CAO CONC , 
HI LOW MG·CALCIiE 

,~ 

~, 
CEIIENTS 

~ 
• x ~ .' , 

w , , ..£ 
a • 

" " • - .. 
a , ~ " , 
r , ; .~ 

x 
~ , , , , I I I I I I I I I , , , 

90% 100% 

CAO MOLE % 

Figu r e 4 : MaO y~ . CaD ~ic r Qp r ob e ana ly s e s in al l lo~ Hg-cal e i te 
cements 

( A) Sub t id a l , beach be r m ftrst cements 

(I.') Subtidal , bea ch. be rm fi r st cements without sampl e s wI e ll a 
hig h. pr opo r tio n o f r e d sIgal g rai ns 

(B) Sub t idal , b e ach be r ll second e e s e n ce 

(e) Dun e , f irs t c e llIents 

(e ' ) Dune , f i r st cements witho ut s a mpl e s 83-7 4 and 83- 75 
(possibl e high Mg-calc i t e i nfluenc e f r om nea r-s lt o r e ree f or 
salt spray in flu e nc e ) 

(D) Dune, s e cond c e me nts 

(D ' ) Dune , se cond c e ments Wi tho ut s a mpl es 83- 74 an d 83-75 

(E) Dun e a nd beach berm t hi rd c e me nts 
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found i n the third generationa of cement in theae examplea 

(Figure 4-£). 

MgO levela 

incorporated 

This situation of a gene r al progr es aion to lower 

ma1 be reversed when preexisting clasts are 

in younger sediment (Cockburn Town Reef) or fre sh 

overburden ia added to the system (lo we r dune facies, Sandy Poin t 

area) . Higher concen tr ations of MgO hsve bee n found 1n s e cond 

and third generatlons of ceme nt under thes e conditions . 

Although overlaps in MgO concent r stions are exhibited in 

thia rather limited aet of samples , a general decreaae in Mg O 

concentrations csn be recognized as the s e dim ent is cemen te d 

presumably further from the paleoshoreline . Of cou rse, the 

original composition snd source of the sedimen t must be 

cons i dered . With high energy conditions offsho re, the s e dim en t 

msy contsin significsnt proportions of high Mg-cslcite red algae 

,,' the cements would reflec t this influ e nc e, Lo w energy 

situstions with high propnrtions o f green algae would ~on t ain 

proportionally mo r e aragonit e and a lo wer Mg component . In this 

light. the composition of cement s may be a useful env ironmental 

indicato r whe n coupled with other criter ia. 

been 

A general conceptual s e dime ntation-c e mentation model has 

formulated ( Figure 5) , As marine-derived sed i ment is 

t ransported from the beach snd possibly to dune environments, the 

s e dimen t undergo e s diagen e sis in the fresh water vadose 

environment prior to lithification. Hg and Sr are lesched as 

componen t gr s ina or constitutents are moved a ws y f r om the beac h. 

The amount of diagenesis before the sediment is flnslly deposited 

is complicsted b, f ac t or s auch ss o r iginsl compost io n , cl i mste, 

'9, 
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atc~opo~osity of t~e o~igtnal g~ains and ~esldence time ~ lt~ln 

t~e syste ... 

reflect the!!e 

Second s nd subsequent gene~ st lons of cement can slso 

origlna1 conditions. HgO snd SrO levels are 

furt~er reduced as the system evolves, the c e ment source 1s 

depleted in Hg and Sr, and stabili~es to lo~ Hg-calcite . 

Summary 

Ma~ine-de~ived carbonate sediment!! of mixed aragonite and 

~ig~ Hg-calcite compositions undergo progressive disgenesis in 

fresh ~ater systems to form lo~ Mg-calcite, The di!!!!olution or 

inversion of t~ese prima r y components releases indicator elements 

(Sr. Mg) into the system . T~ese components ~ i11 be incorporated 

within the cements of rocks formed 1n th e s e systems. 

Levels of S ~O snd HgO in the cement are dependent upon 

original composition, t~e amount of diagenesiS that has occu r red 

bef ore t~e rock is lithified and the overall diagenetic maturity 

of the carbonate depo!!i t of carbonate rock in question . Addition 

of diagenetica11y fresh overburden msy cause increases in HgO 

conc e ntration in subsequent generations of cemen t. 

Progressive diagenesis cannot simply be cat e gori~ed as a 

seriea of diacrete steps . Carbonate diagenesis probably could be 

more co rre ctly assessed as 

apparently dissolving fro .. 

a dynsmic system . Aragonite is 

the inception of diageneais . T~e 

dissolution of Hg-calcite may be ul t imat e ly aOre dep en dent On the 

persistance of dense , relatively nonporous aragonite than its 

relative solUbility to aragnnite. 
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