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Abst r act 

DIAGENETIC ORIGIN FOR SAN SALVADOR MICRITE PEBBLES 

Roger J. Baln 
Depart~ent of Geo l ogy 

The Universi ty of Akron 
Akron, OH 44325 

Clasts of micrite varying from dense to poroua, light 
gray to blac k, and containing ooids or fossil lO aterial have been 
reported by severa l workers on San Sa l va dor . These clasts are 
especially abundant at or above "unconformable contacts" and in 
sin kh ole and cave deposits. It has bee n sugg e sted that thes e 
clas t s Sre remnants of a videspread micrite which once cov ered 
the island and vhich represents a quiet shallov vater environment 
of deposition in contrast to the high energy environments of 
younger calcarenites and oolites . 

Black or dark micritic clasts con t ained v ithin a lOore 
porou s grainstone are not unCo",,,,On either in re c ent or ancient 
carbonates . Numerous authors diSCUSS such black micritic cl a sts 
as e v id en ce of terrestrial forlOation . Detailed observations of 
"black pebbles" on San Salvador from quarries at Pigeon Creek and 
Wat ling ' s Castle as veIL as from th e shore of Gr a nny Lake , have 
lead to the conclusion that pebbles are not derived from an 
eroded widespread unit vhich vas deposited in a shallow water 
environment. Instead, the micrite is of diagenetic origin having 
form e d in a subSOi l en vironment through micrit iza tion of 
pre-e~isting grainstone. Subaerial or subsoil we a ther ing leads 
to micritiZation of grains to ne sffecting clasts of grainstone as 
wel l as forming a micritic cr ust (subaerial l amin s ted crust) Ove r 
t he grainstone su rface . Micritization is ~ost co~pl ete near root 
tra ces ~ here original te~ture (ooids, grains, or fo aai ls) is 
t o ta lly oblite ra ted , hove ver, in areaa re~oved from root traces 
o r iginal sranulaT t exture re=ains . 

Coloration of micritic clasts t o blac k or dark gray 
occu r s in the subaerial or subaoil en vtr on~ent due to enri ch~ent 
of orgsnic ~a tter vithin the clsats caused by borins algee a nd 
fUngi . This blackening apparently p r ogresses ~ore co",",only along 
shores of hypersaline lakes but .. af a lso be caused by heet , 
eith e r f rom fo r est firea or aOlolderins humus, wh ich chara the 
organic ~a tter within clesta . 

Eroaion of the soil or mlcritized crust le ads to the 
transportation of micrite pebbles and their deposition over 
uncon for", ities or discontinuitea. Bl a ck mic r itic pebbles 
therefore are reliable indicators of unconformities , 
discontinuites or the nearby existence of a terrestrial 
en v i r onment . 

Int r oduction 

Tho occurrence o f exotic clas t s , prinCipally black 
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aic rltlc pebblea , has pu~~led geologi8t8 ~o rklng on Sa n Sal.ador 

and haa been the subject of di ecuaai on b, geologiata finding auch 

claata througho ut tbe Saballaa and Caribbean (Ward et ai , 1970 ; 

Sain '" Teeter, 1975; Perkins , 1977; Titus, 1980; snd Gar rett '" 

Gould , 1984) (Fig . la) . Siatla r black micriti c pebbles bave been 

reported from the Paleozoic (Bickle" 1976) and Mesozoic (Ward et 

aI , 1970: SeJf r ied, 1980) . In Pleiatocene snd Holocene de poaits, 

these eKo tic clasts stsnd in striki ng contrsst to the genersll, 

porous . ~eakl, ceaented grsinatone in ~ hich the, cOllllonl y occ ur. 

The eKotic cl a sta conaiat of pebbles , generall, l.ss than three 

inc hes in dislleter , ranging f r oll black t o br o wn to dark gra, and 

var,ing teKtu r ally frOIl micrite to biollicrite and oo_tcrite. It 

ia not uncommon for claats to range in color froll white to black 

~ithin a singl e deposit. Rarel, clasts displa, bl ack rinds which 

grade to white to~a r d the cente r of the claat ( Fig. Ib) . Clasts 

a r a well ce. ented and generall, are aubangular to au broun~. 

On San Sahsdor eKotic cll'lata occ ur at lIany loclltiona of 

~hi c b tbe 1I0at easll, ac c easible and 1I0at often viaited are 

Pigeon Cree k Quarr" Little La ke Quarr, and eKposures along 

Fre nch Ba, 00 Sand, Polnt. In gen e ral , claata occ u r aloog 

bedding surfaces, pe rhap a unconforcaities (Titus, 1980) and in 

palaoaola near aea level. 1I0wever, the, alao occ ur in cave 

deposita sod depoaits filling karst de pressi ons froll near aea 

le'e1 up to forty feet ele'ation. The latter occll rren cea ha'e 

been 

oed 

obae rv ed 

in CIl'e s 

along 

in the 

the cliffa on Sandy Point along Fr encb Bay 

ridge east o f Great Lake (HJlroie , pers. 

Black mi crit i c clasts occur in great sbundnce on the 
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southeast shore of Granny lake. In contrast to o ther occurrences 

on San Sal vado r, these clasts are not incorporated into rock 

strats Of paleosols but occur as loose pe bbles resting a mong gfay 

pebbles of bedock and calic he (F ig. Ic) . This occu rren c e is very 

sim i la r to that reported by Ward et al (1970) from Yucatan . 

It has be e n s uggest ed by several ~orker s in con ver sation 

and published by Titus (1980) that these darkene d micritic 

pebblea sre remna nts of a ma rine unit ~hi ch nO longer ex is t s on 

San Ssl va dor o r is buried beneath t he rocks presently expoaed on 

San Sslvado r. There sre several problems with these 

in terpretations . First . it is difficult to believe that this 

blac k micritic unit ~ould have been compl etely eroded not only 

from Ssn Sal vador but also from all the o t her localities 

throughout 

Se cond, if 

the Caribbean where clasts have been reported . 

the micritic uni t is buried beneath all e~posed rock 

on the island then how do clasts of this buried unit find their .. , 
". 

into paleosols and 

le vel. A th ird 

cave deposits at least forty feet above 

problem regarding t he e~istence of a 

widespread micritic uni t on San Salva dor is that the environment 

in which such a unit might form doe s not exist on or near San 

Salvado r preaently and it would be difficul t to e n vision such an 

environment dur ing the Pleiatocene. Fourt h , the micrite pebblea 

are entirely calc i te ~h ich indicates a nonmarine origin. 

Petrographic examination of pebbles collec ted from 

bedrock occu rrences at Sandy Point e~posurea. quarries st Li tt l e 

Lake and Pigeon Cr ee k, Windley Key Quarry in the Florida teys as 

veI l ss the shore of Granny lake Lead to the recog nition of 



flgu r e la: De poai t of claa ta of Ple i atocene liseatone in a 
dep r eaaton on [ e,. Largo , florida l eya . Subae r tal lasina te d c ru at 
linea bottos of depression o.e r lain by elsata s nd ahells of 
.arying a hes and eolo r. Dsrk and blaek elasts sra of eruat a nd 
bedroek . 

Figu re I b: Sa .ple of paleoaol f r om Little La ke Qua rr y . San 
Sal vador. Cl aat a are o f oolitie bedrock and subae ri al lamtnated 
c r uat . No te clasts r ange f r om white to blac k snd se yer a l 
(s rr owa) s how bla c ken ing de.e r ea e ing in werd from e dge of e l ast. 

Figure lc : Looee deposi t o f pebblee i n be droc k dep re ee i on elon g 
eout heest sho r e of Gr annr L. ke , San S.lu,dor . Pebbles a r e b r oken 
pieces of ool iti c bed r oc k end subee rial c r uet whie h eo ver s .uch 
o f bed roc k and which ia also vi aible in photo (. rr ow) . Pebbles 
re nge f r om bro wn t o g r ay to bleck. ( Phot os i c r og r ephs of pebbles 
in figu ree I d , e & 2). Scsle 1a 15 cs . 

Figu r e Id: Phot o.ie r ogreph of blac k peb bl e fros eho r eline of 
Granny La ke showi ng mlcriti~ed ooIds snd spsr r y celcite cement . 
00 1d s .re .3 •• in dtsae ter. Relict oo id s . r e . d jecent to tot.lly 
mic ri t h e d roc k (no t pietured ). 

Figur e Ie : Pho tomicrograph of blac k pe bble of su ba e ria l e rust 
fr om shore of Grenny Le ke . Sa n Sa ly ado r. Root at ru c tu r e (upper 
right) ia 1m. i n diame ter. Tang ent iel sec ti on through root 
a tructure ie along lower edge o f photo. Hicrite eonta i n i ng l e ss 
t hen 1% c. rbon is d.rk a r e •. 

Figure If : Pho to.ie r og r ap h of gradu. t ional co ntact between 
rh i~oe reti on and ooliti c hoat rock f r om Watling a Quarry on S.n 
Sal .ad or. Rh i ~oc r .. ti on to r i ght i e mic rit .. and mic rit izatio n 
eK t .. nd. 
oold. t o 

into hoa t r oek with dee r .... ing .. ff .. ct o f mieritiz.tion o f 
th .. left. Ooids ate . 3 •• . 

Figu r e Ig: Photoai c. rograph of gr a dational co nt. ct between 
.ub.e r ia l c rust ( r ig ht ) and ool it ic b .. drock (left) from aho re o f 
Gr an ny Lake . San Sa lvad o r . Note most co rea of aoet ooids are 
.ic r lti~ed and onl, ghoata e zlst i n co ntr ac t srea (cente r). 
Seale ia 0.5 .... . 

Figur e Ih : Micrit ie la ye r, wit hin indi vidual beda o f porous 
ealea renit .. a nd cu tt i ng aeroas (arrow) bed a . Ez poa ure ia in 
clif fs a l o ng Fre nch B$Y . Sa n S.l ¥ad o r. laye r s $ re I S to 20 fee t 
benesth s ur f $ce . 
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Figure 2a: Photo~ic r ograph of bl a c k micri te 
pebble from south shor e of Granny La ke , San 
Salvador sho wing root st r uctu r es. Cross 
s e ctio n (lo wer right) snd ta ngen t i a l section 
(upper right) of root st ru ctu r es display 
some remnant porosity (da rk a reas) . Clotted 
or " pelleted " micrite fills inter- r oot area . 
Cl e ar sparry calcit e ri ms mos t voids. Root 
st r ucture in lower right is lmm in diameter . 

Figur e 2b : Pho t omicrograph of blac k mic r ite 
pebble fr om south shor e of Gr ann y Lak e , San 
Sa l vador showing root str uctures . Root 
tub ules displaying inter nal porosit y. In ter
root a rea filled v ith micrit e. Tubule at 
upper left i s Imm in diameter . 

23' 



c~aracteristica w~ic~ indicate the darkened mi critic clasts are 

formed t~rough diag ene aia of bedrock in a auba erial o r vadose 

environment and later erosion and deposition. 

In order to discuss these charac teristics and in terpr e t 

their origin , the two moat atrik i ng characteriatica , petrograp~y 

and coloration, wi ll be diacusaed separstely. 

Petrography 

T', 
fr om dense , 

texture of theae exotic clasts varies considerably 

well-cemented micrite to oolitic grainstone , the 

latter of wh ich , if it were not dark grsy or black , would not be 

significantly different fro m the normal San Salvador rock. 

clasts , alt hough Mi critic 

suc~ aa 

material. 

partially 

indicate 

lamination, 

Commonly , 

to totally 

root 

quite dense , generally s~ow features 

tubules, lIIicrlti:!:ed ooids and s~ell 

pebbles are relatively porous and pores are 

filled by aparry calci te. X-ray ana lyaes 

pebbles consist entirely of calCite. Micritic claats 

generally possess a pelle ted appearance and 1n some instances are 

pisolitic. In t~in section , r elict textures of ooids and shell 

fragements can be 

heavily lIicriti zed 

textural features 

re cognized , 

(Fig. Id) • 

Qf se veral 

although 

Figures 

micritic 

most grains have been 

Id and 

pebbles , 

Ie illustrate 

in which root 

structures and micritized ooida are recognizable. 

A com par ison o f the texture of micritic clssts and other 

lat c ritic rock on San Salvador demonstrstes the origin of the 

micrit ic c l asts . 

rhizocretions snd 

Figures 

subaerial 

Id-g are photomicrographa of mic r itic 

lam inated crust (ter m fro .. Multer & 
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Hoff.ehter , 1968 ; alao re fe rr ed to as calc r ete , ce liclle , 

calcar e o,us cruat snd aoila tone ) . In FilU re If tile pro lraaaive 

~icriti~ation of ooids can be traced fr o~ tile oolitic hoat r ock 

into tile rhi~oc retion . Likewi ae , in Filur e II .icrith;ation ha s 

nea rly totally obl iteratad the o rill nal telture of the ho.t rock 

in the f o r .at i on of subae rial la~ina t ed c r uat . (allie ( 1977 ) 

deacribed "., elpiained • proceaa wllic h h. 

" S par~i critisati on " IIhere by gran ular material of the JoUaa i Oolit e 

has been conve r ted to aic r ite . He deacribes a pr oceas whe r eby 

vadoa" cond it iona e ndol i t llic funli and algae in .ad e 

underly inl bed rock and upon the i r d"ath and decollpoaition, r oc k 

la di saol ved and repr ec ipitat "d aa aic rit a . Hence a r et r olrade 

neOllorphi s m ., degrading rec ryatalll~ation occu r s . Perkins 

( 1977) de_c ri be. calc i fication of r oot and r oot tubulea a. a 

proc e as In Sou th Florida whe r eby a ai c r itic c r uat i a fo r aed by 

the pr ecipi tati on o f ver y fine-Irained lIuddy ca l cite around ama ll 

r oot tu bu lea . Supko (1910) l1 k·e wi .!Ie deac ribe a a alc rlthat i o n 

proc"ss near r oot atructurea Of r hizoc ret iona f r oa a co r e on Sa n 

Sa lv ador . 

Howeve r. o ther occ urrence ' of aicr tt e elia t on San 

Sa lvad o r whi ch a ppe ar to be unre lated to roota Dr 80 il for~ation . 

Withi n u:poauraa alonl Fre nc h Bay . i c rlti c layara c an be obaa rv ed 

fol low1n g beddinl 

10-20 f eet below 

aa well aa c r oaa cutting bedding in laye r s 

the s urface (Fi g . Ih ) . S t .llar a icrite can be 

_aan filling f r acturea in the Cockb urn Town Re ef. Ob.lous ly th l a 

a tc r lte ia of a dia genet ic o r i l in, probab ly haYinl f Of med I n the 

vad os e e nvir on.en t but the e za c t o ri lin la no t fu lly und"r atood . 
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Pe~h s ps mig~ation of ground ~ate~ along once mo~e po~ous st r ata 

lind IIlong f~actures, ".d precipitation of micritic calcite ~a s 

respon!:1i ble . 

In any event , micrite does form diagenetically in the 

vadose envi~onment and more commonly in the subsoii region ~h ere 

plant root action as ~ell as fungal and algal activity is high . 

Mic~ite alao forms along bedding planea ~ithin atrata, but a gain 

more commonly, it forms as subae~ial laminated c~ust or 

rhizocretions . 

~ell-cemented 

Once formed, 

rock lIaterial 

it eKiats as a more ~esistant, 

wh ich, upon erosion, will produce 

durable clasts to be concentrated along e~osion surfaces Or 

deposited in sediments offshore . Titus (1980) sugg ested the 

significance of these clasts wh en he used them as e Viden c e for 

unconfo ~mable surfaces . He mistakenly thought t he micrite wa s 

frail an older rock strata which was beneath San Salvador , rather 

than recognizing that it was principally a subserial c ru st being 

stripped 

Perkins 

from the land surface and concentrated as a lag deposit . 

(1977) cites diagenetic soils tone and soil bre ccias 

(essentislly subae~ial lSllinated c~ust and broken crust) ". 
criteria for recognition of what he termed diacontinuity aurfaces 

( small unconformities) in South Florida . Garret and Gould (1984) 

desc~ i be and conclude a aillilar origin and signi f icance for 

micritic clasts on New Providence Island , Bahamas . 

Color 

The colo~ of nearly all rock on San Salvador is a sligh t 

variation of ~hite. ranging to Jello~ bro~n and light g~ay. 



Claa t s of brown , da rk bro lin , dark gra,. and black therefore, a tand 

in "ha rp c ontra at IIhere in cluded lIithin light colored rock . 

Because st rsts of dark color are not aeen on the island at 

preaent, Titus ( 1980 ) suggested the darkened claata are derhed 

from an older unit IIhich underliea all at rata preaentl,. eapoaed . 

Gen e rally darkened or blsck claats sre a i c rit ic, hOllever, aoae 

claata are oolitic and /o r bioclaatic . On cloae e:la.ination all 

claata can be r aaaonabl,. eaplained aa bei ng darker co lored 

e aampl e. of rocks preaently expoaed on the i sla nd. Oolitic and 

bioclaatic claata c loaely reseable grainst o ne , and micr itic 

clasta are identic al to mic riti c cruata II h i c h occ ur beloll 

paleosola o r IIUhi n strata and along fra ctu res . Therefore, the 

coloration on ly requires further eaplanation . 

Along the southesst ahore of Grllnny Lake , black, g ra,. Ilnd 

brOlln c laats of .ubllerilll la.tnated cruat occur as looae gra.e l 

in dep r eaa ions in the bedrock s urface ~ Fig. lc) . A patc hy but 

eatena i ve au rfi cial deposit of light gra,. to brolln . ubaerilll 

lami nated c rust covers much of the bedro c k au rfa ce. Compari.on 

of thin aections of t hese claat. and cruat lellve. little doubt 

t hat the c lasta are de rive d fr oa .ubaerial IIl.inllted crusta. 

Both claats and c ru at are com poaed of micritiC cslci te contai ning 

abundsnt root struc tu res ( Fi g •• Ie & 2). 

Granny Lake is a hyper.aline (BO- 123 0/00) lake IIhos e 

shoreline fluceuate a IItth seaeonsl ra infa ll. Black pebbles occ ur 

only along the high water ahorel1ne . Rock a along the ahorel1ne 

o f Gra nnJ Lake are intenael,. bored by algae and presu.abl,. fung i , 

and thair color ia the re b,. altered to red, green , brolln and 
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black . Mo st bed r oc k sur fsce s slong the shorel ine, ~hi ch are 

e xpos e d du ring seasonal 

t his black coloration 

or more . SlIall c lasts 

bl ac ken ed t hrougho ut . 

Ward " .1. 

low standa o f the lake, are black; a nd 

pene t rate a t he rock to a de pth of an inch 

(l e as than 2 inches in diameter) a re 

(1970) describe an a lmost iden t ic a l 

coll e ction of blac k clasts along the shores of hypersaline la kes 

"0 Isla Mu j ere s in Mexico. Blac k clast a of eol i an ite and c ru st 

are being produced ~ situ a long the e dg e of a hypersaline l ake. 

Analyses of black and gray clasts fr om Isl a Mujerea show a 

significant inc re a ae of organic carbon in blac k clas ts. I r on was 

sligh t ly higher in some sampl es; howeyer, in mos t aa llpl e s i r on as 

well as aulf or and manganeae are lowe r i n bl a c k claa ta tha n i n 

gray and br own claat a. Wa r d et al (19 70) bel i eve hyp ersa line 

conditions proyide an envi r onment ha ving a high pH a nd low Eh, 

where in blac k colo r ia produced by th e activity o f boring a lgae 

and f ungi which bore i n t o lithic fr agme nt s and a c oncomi tant 

d issolution and prec ip itaion of c a lc ite wh ich preserves pl a n t 

tiaaue wi th in calci te crystals . This plsnt tissue is the s our c e 

of orgs nic carbon which t he y found as an insolu a ble reaidue and 

which pro duc e s the 

pr oposed a similar 

fungal snd algal 

blac k colo r . Kendall and S kip~ i th (19 69) 

mechanism fo r blac ke ning li ll e stone , namely , 

bo r ings whi ch e nri ch ca rbonat e s in organic 

mat t e r . No t all st udi es ho we ver, agr ee with the Grann y Lake or 

Ward ' ~ Isla Huj eres s e tting f or forming blac k micite clasts. 

Perk ins (1977) and Gar ret and Gould (1984) sug ges t thst 

bl a c kening occurs within soil horizons. Pe rk i ns (1 9 77) c itea the 



pr ese r ved root tubules as eVidence [or foraation ~ithin aoil 

hori~ona . Unlike Ward et al (1970) ~ho ~ere unable to det ect any 

consi stent increaae in iron or mangane ae in black pebblea, 

Houbolt (1957) , Maiklea (1967) and Davies (1967) did r e port 

relatively hiah aaounta of i r on and aanganeae i n the black 

fractions of carbonates . Shinn , Robbin and Lidll' (1984) bla c kened 

clasts of the Hialli Oolite by heating sallples wh ich ea uee d a 

chsr ring of organi c matte r ~ lthl n the r oc k. They report thst 

only porou a roc k types auc h lUI laminated soilston e crus t a 

(subaerial laainated cru8te) , co ral or weakly ceaented oolitic , 

pelletal and ekeletal grainatone ~e r e blackened due to cooking . 

Well-ceae nt ed and non-aragonitic lithologiea retained thei r light 

color . They propoae heat frail forest firea and/o r slIoldering 

huau8 accuaulationa coul d cauae blackening. 

to a ll the d1,cI.Isaed explanations [or black 

liaes tone pebblea 18 ezposure in a aubaerial environaent - .ara1n 

of hyperaaline lake , subaoil, a.oldering huml.la or cha rre d r oc k. 

Also COlIlIOn is t hs t all author a blacken rock ~ hich 1s not exotic 

but instead , 

be sl.Uar to 

these claata. 

processes .. ill 

1s cOllman to the anvi r on.ent and ia alao likely to 

the succeeding lithology .. hieh ~ill incorporate 

Clas t . blackened by theee •• rious aubaerial 

probably for. a lag deposit along discon t1nuit1 ee 

or unconforaities. 

SUaaa r I 

Claata of da r kened o r black liae8tone , aoat eOllllon ly 

lIic rite , occur on San Sal.ador and throughout the Ca ri bbea n in 
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Pleistocene-Holocene ca rbonatea. They hawe alao been reported 

". Paleozoic 

gene ra lly consist 

and Heao%oic. 

., 
These blackened c laata 

alcrite and occur in 

light-colored grainstone. The, hawe been incorre c tly interpreted 

as being re~nants of unita no longer e%posed on San Salvado r 

either due to bu r ial or eroalon . 

The two aos t striking characteristica of theae claats are 

their black color end . icritic te%ture which contrast wi t h the 

abundant light-colored gratnatona 

coloration ia caused by organic 

co. ering San Sal.ador. Black 

reault of boring algae and fungt and/or roots of lend plents . 

Heet due to forest fires or aaolderi ng huaus a ight also pIa, a 

Significant 

condi t ions , 

role 1n blackening l ime stone clasts . H,peraalin e 

as on the ahore of Granny Lake , a ight provide the 

co rre ct Eh and pH environaent which would prese rve organic .at t er 

v i thin the li a sstone generating the black color . 

Hitrlte , vhich ia not coaaoo on San Sal.ador , foras 

through the diagenetic alteretion of .ariooa carbonatea ( oolitic 

or biotlastic grainstone) in the soil snd aubeotl tone. SUCh 

8icrite ha. been referred to a. .ubaerial la.inated c rust, 

caliche , calcre te or aOi1atone and is quite co •• on on bedrock 

surface. on San Salvador vhere aoil has been eroded . Si8ilar 

8tcrite alao for.a diagenetitall, along f ra ctu r ea and with in 

porous la,e ra of calca r enite. 

Black 8tcrit lc claata represent diageneti tal l, altered 

coun try r oc k vhi ch, because it ia aore tightly ce.ented and for.s 

et o r near the surface , produce. a lag gravel o f resistant 
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pebbles upon 

stratigrapllic 

erosion. Tllese 

record. indi cate 

pebbles , wilen found In the 

possible discontinuity su rfsce s , 

unconformities or at lesst the presence of s nearby e~poaed land 

s urface . 
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