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MICROMORPHOLOG I CAL FEATURES OBSERVED IN PEDOGENIC CARBONATES 
(C ALICHE) 

Abstract 

ON SAN SALVADOR ISLAND , BAHAMAS 

A. P . Hale and F . R. Ett en soll n 
Depa~t~ en t of Geo logy 

Uni versity of Kentucky 
Le xington , Kf 40506-0059 

Pedogenic accumula t ions of calcium ca rbona te (caliclle) on 
San Salvador Island are typified by aubaerial ex posure featur ea 
sucll 8S dense-to-porous laminate d c r usts and microcrystalline 
rinds, solu t ion-liole features, solution-liole breccias , sascab , 
pisolites, and rhizocretions. Calich e prof i le s form by pedogenic 
(soil) processes, and thus generally exhibit fea tures indicativ e 
of pedogenesis such as genetic lIorizons; a tllin, incompletely 
dev e loped organic hori zon, a l ea ch ed 1I0rizon, an accumulation 
1I0rizon , and a partially weatllered ho rizo n . Samples of subaerial 
e xposure fea t ures collected from San Sal vador were studi ed and 
deacri bed botll macroscopically and petrographically in a 
pedogenic cont ex t , ra the r than a diag enet ic , geologic context. 

The main e .. pllasis of tile study concerns the deacription 
and formation of the dense-to-po ~ ous laminated c ru sts and 
microcr ystalline r inds so p rev alent on tllis subtropical carbonate 
isl and . Ma croscopic evidenc e such as thickn ess of crust zones , 
color , presence of root tubes, and composition of Some laminae 
a ttest to a pe dogenic o r igin of these crusts. Petrographic 
descriptions of tllese suba er i a l e x posu r e c rusts also confirm this 
origin because of til e pr e s e nce of cut sn s (soil, cllannel , and 
plane) , g l aebu l es, voids , an d c r ystsllsri a. 

Int ro duction 

Macroscopic f e a tu res tllat indicate s ubaerial exposure and 

pe dogenesis common 0" s," Sal vador '"' inc lude 

dense-to-po r ous laminated CTus t s , solution-hole bre CCi as, 

pisolites , and rhizocretions. Formed on oolitic and/or skeletal 

calcarenites , t h~se features are g r ouped coll e cti ve ly as caliclle 

soils , and are tll e refore studi e d '" , pedoge nic or " soila " 

cont ex t. Be cause tile exposed carbonate s have been degraded by 

SOil-fo r ming p r ocesse s ( e. g ., solu t ion , brecc iation , rooting, 

bacterial a ctivi t y , e tc . ), various .. tc r oscopic soil f eatures seen 
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in thin sections are present e d snd ellp ha si zed ss f urther evidence 

o f pedogenesis on San Sa1¥ ador . Stllila r caliche soils hsve been 

desc ri bed f r ail the Pleiatocene of Barbadoa snd Florida (Multe r 

and Hoffllelster . 1968, 1971; Jallea, 1912: Harriaon , 1917) en d 

from the Mississippian of [entucky (Ettensohn e t a1 ., 1984: Grow, 

1982 ; Harriaon and S t einen . 1918) . 

~.!.'l!! Caliche 

Basic to the atudy of subaerial eK poa ure featurea i 8 the 

und e r.tanding t ha t IIOst of theae fea t urea are included in the 

ca tego r y of caliche .oil. . In o r de r to .tudy the.e c al iche. in a 

pedogenic cont e~t. .olle fundallental knowledge o £ !!IOU. and 

r elated terlllnology i. es.entt a l . Faa illari ty with soi1 concepta 

and u.ege wi l l pro vide a c1ear e r vie w an d cOllp r ehe n!!lion of th e 

proce!!l!!le. involved in the fo r aation o f Pleistocene and Recent 

caliches on Sa n Sa l. ador. 

Pedology is the study of salls and incor po r ates th e 

subd isciplinea of pedog r aphy and pedoge nesia. Pedog r aphy ia 

deac r iption of !!Ioils in p r o f ile. hand saaple . end thin sec t ion , 

whe reas pedogen e sis deals wi th the o r igln of aoila , and all th r ee 

discipllnea are encompaased in ge010gy . Indeed , Brewer (1964) 

ellphasized the fact that .oil. cannot be t horoughly at udied 

unless one has a thorough knowledge of the rocks f r ail which the 

soils are de r i ve d . 

Soila are ultilaately derived froll the we athe rin g of 

aedillentary, igneous , " .. rocka 

lIac r oacopic and lIic r oscopic va ri attons with inc r easing depth , as 

'" 



seen in the genetic horizons coaposing s soil profile. Csliche 

profiles sre s specific type o f soil profile , defined by the 

Lexico-SedtmentolOBico (Gonulez-Bonorino and Terrugi, 195 2) as 

" s st r ata fora to ir regu ls r deposit, fo r aed prtssrUJ by 
calcius ca rbonate, wi th ea rt hy, co ncretionsl, 
pisolitic, bsnded, o r sssatve structu r e that ia foraed 
in the aoil of arid or seaiarid regions.~ 

Csliche profiles , if coaplete , exhibit up to 5 horizons, 

the most importsnt in this stud, being the B horizon, o r the zone 

of acell . lliat ion , located below the A horizon, o r the zone of 

leachi og. The zone of accII.IIlation is the horizo n In wh ich the 

sllbae risl exposure features (cruats , solution-hole b r ecc i ss, 

pisolites , snd rh izocretions) fors on Ssn Sslvado r. 

Therefore, this paper v i ii assume that dense-to-porous 

la .. ins ted c r usta, brecciss, '"' rhiz ocretions are 

psrts of cs li che sccusuh.tiona snd that caliches sre a t ype of 

aoil . Wtth this " aind, •• Iti 11 no lt desc::ribe soae 

chs r scteristic:: exssples of stc:: r oao rphologlcsl soil featu re s in 

thin sections tsken from these csliches . 

Hlc r omorphol081c::sl Soil Features 

In order to desc r ibe thin sections of 

festures fros Ssn Ss lvsdor in a pedologic:: c::ontext , teras 

unfastlisr to geologists sust be defined. Tsble 1 lists 6 casson 

pedologic:: festures, their geologic c::ount erpart s (if sppl i cable), 

'"' figures sho wing each. Tsble 1 is sdspted froa Grov ( 1982 ) 

snd sll subsequent definitions of pedologic terss s re de r ived 

froa Bre wer (1964). 
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Tsble 1....;. MicromorpholOBical Soi l Features 

PEDOLOGIC GEOLOGIC EXAMPLE 

Plasma Soluble CsC03 Fig . I a-I 

Voids Voids Fig. Ib , g,h 

Cutans Micritic Coating Fig . la , b,c 

Grain cutan Fig . I. 

Plane cutan Fig . Ib 

Chann e l cutan Fig. I, 

Pedotubul e Root tube, burro w Fig. Id,e 

Glaeb ule Nodule, concretion Fig . If 

Cryatallsria Calcite spar Fig. l a , g , h,i 

Plasma 

Most solis are composed of t wo major consituten t a : 

skeleton grains and plasms . Skelet on grains are those individual 

srains larger thsn collOidal particles ( ..... 2 V m) and mainly 

consis t ing o f aut higenic minersl grains and organiC bodies 

(6rewe r, 1964). Ske leton grsins are relstively immobile and are 

capable of weathering to for~ plasma . The plaama compon ent of a 

soil is "all the material of colloidal size and relatively 

soluble material thst is not bound up in akeleton gndns; it 

consists of mineral (amorphous and cryatalline) and organic 

material" (Brewer, 1964) . Thus, 

readily transported , reorganl~ed, 

the plasma of a soli can be 

and concent r ated by pedogenic 

processes . In the csse of San Salvador caltches, the most COmmOn 

plssma component in t he soils is soluble CsC03, which forms the 
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various macro- and mic r oscopic 

Salvado r c al ich e s ( e.g . , crusts , 

is dissol ved by acidic waters, 

wate rs, '0' repreclpttate by 

fe at u res appa ren t in the San 

cu tan s , crysta l laria) . The CaCOl 

t ranspo r t e d by the percolati ng 

capilla r y acti o n related t o 

evapotranspiration . This reorganization of CaCO) reflects the 

movement of th e plasma in a soil. 

Voids 

Th e various a rr angem en ts that the constituent min erais 

(skel e ton) grains make wi th each othe r t og ether wit h solution 

(mo vemen t of plas ma) resul t in th e formation of voids of Various 

sh a pes, Sizes , and ar ra ngementa . Voi ds in the soil material are 

ve r y important because it ia in them t hat many micromorphological 

soil featu r es fo rm, as we will demonstrate subs eq uent l y. Indeed , 

Bre"e r ststes that "a number of mo r phologica l chsracter istics are 

consistently ass ociat ed with particular group s of voIds ." 

Morphologicall y, voids can be grouped into packing voids (Fig . 

lb , arrows), vugs, vesicles, channels, chaBlbers (Fig. Ig), and 

planes . 

(1) tho se 

Genetically , 

resulting 

voids are grouped into t hr ee c ategories: 

simply f r om randoJII grain packing. ( 2) those 

much larger than those voids re sult in g from si mpl e packing 

systems , (l) t hose resuting f rom a di ffer ent process au per i mp osed 

on Silliple pa c k ing , such a s solution . 

Curans 

As stat ed above, the plasma 1s th e a o lubl e, mobil e CaCO.) 

wh ich is reorganized into var ious soil fe a tu r es . On e of t he most 
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Figu re I: 
Sa n Salvador 

Vario us a ic r omo rp hological soli feat urea observed In 
c llilche s . Ba r SC llle s ... I ..... 

(II) Thln lI e c tion fr oa II cr uat aho ~ i ng Crla t a ll ll ria (c r ya t al 
tube) deweloped in an elonga t e pe dotubule. Note t he g r ain c utan 
fo r a e d around a supe r ficial oo lit h above th e crlstal tube. 
(Pola r ized light , 16~). 

(b ) Darkened plan e c utan ( .. iddle of 
horizon sugges ting .. ove .. e nt of 
calc llr enite (Pol arized ligh t, 6~ ) . 

photog r ap h ) f o r .. ed 
plsslla thr o ugh 

in c r ullt 
s keletal 

e r oaa-aec tt o n 
on outside 
the ee nter 

(c) Trllnaye r se 
root . Ltaht IIrell 
the dark area in 
6 ~). 

o f a e hannel eu t an formed a r o und a 
o f the tube 1a II eBle it an , whe r eas 
ill an o rgani e e uta n . ( Pla ne light, 

(d) Pe dotubule filled ~it h soil ~ate r t al f r om a nother horiz on or 
vadose a ilt . Note e ry atal l a r i a fil lin g re .. aind e r of tu be . ( P l ane 
light, 6~) . 

(e) Pe dotubule i n a kelet el ca l ca r e nite fill ed 
and c rl alatla ria and aholli ng da r k chann el 
lIargina o f the tubule . ( Pla ne ligh t , 6 ~ ) . 

with soil aaterial 
CULlins along the 

(f) A aoil glaebule (nod ule ) f o r .. e d o f a tru e tur elea a i r on- ri ch 
o r o r ganic .ate r i al. (Pola rized light , 6~) . 

(g) Saall c ry s t llila ria (c ry a ta l chaabe r ) aho lling extreae 
deyelopaent of cu tsn a in a poaai bl e sol ution eh.a ber. No te the 
pre s en c e of c entral woid. (Poisrized light . 16~ ) . 

(h) La rge e flstallar ia (e ry aal e h •• ber ) dev elope d in an e l ongate 
pedotubul e II i thin a denae lIIi c rltt c c r uat . (Polarized light , 16:t) 

(1) Th r ee 
r oo t tube. 
calca renit e . 

aaa ll 
( r oo t 
( Plane 

c r J. ta l t ubea (c ryata llaria) fO fmed 
hafr. a till pr eae nt ?) in a ateritized 
light, 16:t) . 
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co.mon of t he se festures ia the cutan, ~hich la essentially a 

coa ting on the facea of pad. (soil ag8~egstea) , akeleton graina , 

a nd t he ~al ls of voids . The sbove three s urf aces are the areaa 

wher e the greateat reorganization of pl a asa occurs. 

Cutan. are cl asaified ao r pholog i cal l y by looking at the 

type of a urface they a ffect (Brev er , 1964). Cutans fo r me d on the 

s urfa ce of Skeleton g~ain8 (Fig. la) a r e g rai n c u tana ; thoae 

formed in c hannela (Fig. Ie) are channel cu tan a; and those f o r sed 

alo ng planes in th e sol1 lIIate r ia l (Fig . I b) a re plane c utan a. 

Al l cutans aeen io Figures Is, lb , snd I c were observed in 

surficial 

based on 

pla a llla in 

cnlltl and are 

the atneralog, 

Sen Sa lvador 

e type o f cutan known as calci t sna, 

of the cutanic . aterial. Al t hough the 

cal i chea is dominantl, so luable CaCO 

ina tance a occ ur where pl aaaa rIc h" 1n organic .. ate r ial wi ll f orm 

cu t ana, aa aeen by t he cha nnel cutan fo r.e d in a root tube in 

Figure l c. 

Bre ver outl in e s four .ajo r p~oce8aa. of cutan f or.at i on; 

two of whi c h are i.portant i n Sa n Sa lvador calichea . 111uvlation 

c utans for.. by transport and depos i tion of cuta nic ma t er j ~l in 

solution ; Figures l a and I b sre e xa.ple s of illuv iation c uta ns. 

Diffusion c utan s s re f o r .ed by surficial concent r s t ions due to 

plss.a diffuaion , as obser.ed 

root tube (Fig. Ic). 

Pedotubul e a 

in the cha nnel cutan f o r .ed in e 

Aoother pedological f eature obse~ved i n San Sal.ado r 

c r usts sre pe~otubules (Figs. 1d,e). These pedotubules exhibit 
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,. ezternl'll tubular that II,s II relatively unifor. 

cross-sect ional size and shape , and t hey ar e usually filled ~lth 

soil .atertal (skeleton g r ains and plasa,). Pedotubulea are 

characte r ized b, thelr internal rabric, t he co.position of the 

plasma . their external fora, and their distinctness relative to 

the enclosing soil asteria!. Figure Id sho~s II padotubule fill ed 

vith soil aaterial that differs drastical, f r oa the su rrQunding 

soil aaterial; this suggests that the tubu le va s possiblr filled 

II lth vadose si lt fro.. the surface or vith a ao l1 aaterial froa 

another hor1zon . Pedotubul e s , although pedolog i cal features 

theaselve. , can contain wi thin the. othe r pedological features 

such as cutans (Fig _ Ie). 

Hoat pedotubulea are attributed to faunal and plant-root 

activi t y. Burrow in& and rooting probably foraed the e xt e rna l 

tubular [ora, wh ich waa later filled with soil .aterial . 

Gls ebule s 

The s-.a trix of a aoil ia all th e .a terial ( plasaa and/o r 

akele t on grains) that doea not occur aa pedological featurea 

(cutans , pedotubules , crya tall aria , etc . ) . The a-.atrix ia 

~i.ilar to the aatri x o r ground-mass of a pet r ologist. 

The ref ore, a glaebule Ie a three-dimenaional unit within the 

a-.atri. that did not for. in a alngle void. Glaebulea for. 

because of a greater co nce ntration of ao.e constituent o r a 

difference in fabri c a. ' cOllpa r ed with the a urroundi n g aoi l 

.a t e ri al . 

Glaebulea incl ude such thinga 8S nodulea . conc r etiona , 
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septaria , pedodes, glsebu lsr lIalos, and papules . Tile 'glabule 1n 

Figure If 1s a nodule because it exhibit~ a n undifferentiated 

internal fabric: 

or iron-containing 

it is thougllt to be a concentration of o rgan ic 

material. Nodules that are r i cll in soluble 

fractions of t he plasma formed by accretion . 

Mac r oscopically , pisolites seen at th e Bluff (Adams , 

1983) are exa ll pl e a of soil glaebules call ed conc re tions, because 

they allo ~ concentric laminations of micrite a r ound a friable 

c arbonate nucleus of so me soil unit. Pisolit e s sre also tllought 

to form in situ belo w t he c r ustose zone . 

Crystallaria 

Crystallization 

on the ~a lls plas .. a 

of 

of 

relatively soluble fractions of the 

voids is commonly 

sections of San Salvador caliclles (Figs . 

obs e r ve d 

l a, g ,h, I) . 

in tllin 

These 

cr ystal s are f o und 

c ry s t als are COmmon 

in cllambers , tubes , and aheet s. Because tile 

re o r ganized as 

cryatallar i a. 

of c ry stals of 

in subaerially exposed carbonates, t he y are 

a sepa r ate 

CrY8ta11aria 

re l atively 

type of pe dological feature kno~n a s 

are aingle crystals or arrangement s 

pur e fr a ctions of the plasma, ~ hich 

form in voids in th e soil material. Cr ystallaria may be thought 

of as an ex treIOe de velopIOent of cu tan !! in voids (Bre wer , 1964 ) . 

Four principal kinds of cryatallaria are k no~ n ' c rys tal 

t ub e s (Fig . 1a,!), c ry stal cham bers (Fig . Ih , g). cr ystal sheets 

and intercalary c ry stals . Crys ta l tubes (related to chann e l 

cutans) are crystallar ia t ha t occur in simple or branching 

channels , wh1cll exhibit cryst a llization from the ~a ll t o ~ar d the 

'" 



center of a tube. Cry atal cha.bera for. in vuga, v'faiclea , and 

and also demonstrate c ry atalll~atlon fro. tbe vall 

invard by tbe presence of a cent ral void (Fig, Ig ). Cryatal 

sbeeta are s imilar to erratal tube s snd cbs.bera , but for. in 

planar voids in tbe 

cutane . Intercalar, 

asaociated v itb voids 

soil .aterial; they are related to plsne 

c ry stals a r e single large crystala not 

o f equivalent si ~e and shape, vbi cb sbo w 

ao.e veIl developed c ry atsl faces. 

It should be pointed out tbat Figurea la and Ii provide 

evidence for biologic dearadation of San Salvador caliches . 

Figure la 

interp re ted 

is interpreted to aho v s bu r rov , and Figure Ii is 

to sbo v tubes forllled b, tbree sasll root hai rs . Tbe 

presence of tbese structu r ea in t he forlll of c ry ata llar ia further 

atteata to procesaea of soli formation actlng on t he exposed 

carbonates of San Salvador. 

Concluaions 

Various .icro.orphologicsl soil feat ure s obae rved in t hin 

sectiona of San Salvador calicbea, slong wi th observed profiles 

and band 

Salvador . 

s a mples , pro vide 

The preaence of 

evidence for 

root tubes 

pedogenesis of San 

and burro .. s sttest to 

biologic activit, in these exposed carbonstes , v hereas cutana and 

c rlatallaria refl ect pr oceaaea o f illuvlation , dissolution, 

transpo rt, •• d precipitation of solub le CaCO] b, percolating 

.eteoric vatera. Soil fo r mstio n ha s .ost l ikel, occu rr ed at 

various tiaes 

bl fluctusting 

on Ssn Sslvado r, vhen the carbonetea vere exposed 

sea levela. Indeed, Frertet and Plu.ail (1982) 



believe that such rocks are beaet by soil-for.ing bacte r ia and 

procesaaa 

deve l op 

im~ed istely after e~argence, 

~ore advanced prof ties ~ ith ti.e. 

and that aoile ~ ill 

San Salva dor cal i ches 

are younger than 120 , 000 years and have been e.poaed during eost 

of tllia tiae. lienee, co~ plete profiles are rare because of tile 

sllort ti~e in volved and the extent of erosion. 

Many areas of pedolosy need additi onal ~ork in San 

Sa lvador. Soil genesis is very co.p l e x in that it incorpo r ates 

cheaist r y, bioloSY, ai c r obiolog1, bot a ny, and .lnerel08Y in 

trying to delineate the o r igins of so ils. The c rusta, piaolites , 

solution-hole brecciaa, and rhiz oc r etiona the.selvea need 

indiwidual attention " lisht of pedoseneaia. This paper has 

barely " scratched the aurface" . 
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