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ABSTRACT

The carbonate successfion on Grand Cayman and Cayman Brac, flocated cflose to each other 

fin the Carfibbean Sea, fincfludes the Bfluff Group that fis formed of the unconformfity-bounded Brac 

Formatfion (earfly Oflfigocene), Cayman Formatfion (mfiddfle Mfiocene), and Pedro Castfle Formatfion 

(earfly Pflfiocene), whfich fis overflafin by the Ironshore Formatfion (Pflefistocene).  The erosfionafl 

unconformfitfies that now separate these formatfions devefloped durfing the sea-flevefl flowstands.   

The karst reflfief of at fleast 62 m on the upper surface of the Cayman Formatfion on Grand 

Cayman provfides the mfinfimum estfimate for the Messfinfian drop of sea flevefl fin Carfibbean.  The 

rugged finterfior flandscape and perfipherafl rfims on thfis surface reflect the finterpflay between the 

rate of runoff and rafinfaflfl.  Compared to Grand Cayman, the upper surface of the Cayman 

Formatfion on the upflfifted centrafl core of Cayman Brac fis tfiflted wfith up to 120 m of the 

Cayman Formatfion flost to erosfion, more pronounced perfipherafl rfims, and flower karst reflfief.  

Neverthefless, exposures of thfis formatfion on the two fisflands are characterfized by phytokarst, 

sfinkhofles, photoflfineaments, and soflutfion-wfidened jofints.  Such comparfisons findficate that upflfift 

pflayed an fimportant rofle fin the deveflopment of thfis erosfionafl unconformfity.

Sfinkhofles devefloped fin the Cayman Formatfion on Grand Cayman and Cayman Brac are 

open, fiflfled wfith water, or fiflfled wfith flfithfified deposfits that fincflude rootcrete, and breccfias that 

are formed of doflostone, whfite flfimestone and bflack flfimestone flfithocflasts that are hefld fin whfite 

(oncofids or skefletafl), yeflflow, and orange flfimestone matrfices.  The rare earth eflements (REE) 

and fisotopes of these sfinkhofle-fiflflfing deposfits are dfifferent from those derfived from the bedrock 

carbonates.  Interpretatfion of these data findficates that the (1) rootcrete, oncofids, and the red 

and orange flfimestones are terrestrfiafl fin orfigfin, whereas the other sfinkhofle-fiflflfing deposfits are of 

marfine orfigfin, (2) red and orange flfimestones probabfly formed under more arfid condfitfion than 

the other sfinkhofle-fiflflfing deposfits, (3) formatfion of the bflack flfimestone flfithocflasts, oncofids, 

and rootcrete was probabfly reflated to bfiogenfic factors, and (4) REE can be used to determfine 

provenance.  The sfinkhofle-fiflflfing deposfits offer a record of the processes that took pflace whfifle 

the erosfionafl unconformfitfies were deveflopfing.
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PREFACE

Thfis thesfis fis an orfigfinafl work compfleted by Tfing Lfiang, wfith the assfistance of Dr. Brfian 

Jones.  The overaflfl theme of the thesfis was finfitfiaflfly outflfined by Dr. Jones and then devefloped 

through dfiscussfions between the two of us.  Chapters two and four of thfis thesfis were pubflfished 

as the foflflowfing two papers: 

Lfiang, T., Jones, B., 2014. Decfipherfing the fimpact of sea-flevefl changes and tectonfic 

movement on erosfionafl sequence boundarfies fin carbonate successfions: A case study from 

Tertfiary strata on Grand Cayman and Cayman Brac, Brfitfish West Indfies. Sedfimentary Geoflogy 

305, 17-34.

Thfis data for thfis paper came from Dfigfitafl Eflevatfion Data that came from the Department 

of Lands and Survey of the Cayman Isflands government.  Much of the stratfigraphy data came 

from a database that Dr. Jones had assembfled over the flast 30 years.  For thfis paper, I undertook 

the data anaflysfis and produced the finfitfiafl drafts of the manuscrfipt, whfich were then extensfivefly 

edfited by Dr. Jones.

Lfiang, T. and Jones, B., 2015. Petrographfic and geochemficafl features of sfinkhofle-fiflflfing 

deposfits assocfiated wfith an erosfionafl unconformfity on Grand Cayman. Sedfimentary Geoflogy 

315, 64-82.

Thfis paper was based on sampfles that had been coflflected by Dr. Jones and by myseflf.  I 

obtafined the anaflyses and then wrote the finfitfiafl versfion of the manuscrfipt.  Dr. Jones assfisted 

provfided vafluabfle feedback on the finterpretatfion of the resuflts and extensfivefly edfited the 

manuscrfipt.  

Chapter three has been submfitted as:

Lfiang, T., Jones, B., 2015. Ongofing, flong-term evoflutfion of an unconformfity that orfigfinated 

as a karstfic surface fin the Late Mfiocene: A case study from the Cayman Isflands, Brfitfish West 

Indfies. Sedfimentary Geoflogy.

The dfigfitafl eflevatfion data used fin thfis paper came from Department of Lands and Survey 

of the Cayman Isflands government.  I dfid the data anaflyses and wrfite the finfitfiafl drafts of 



fiv

the manuscrfipt.  Dr. Brfian Jones provfided addfitfionafl data and contrfibuted through extensfive 

dfiscussfions of the concepts and extensfive edfitfing of the manuscrfipt.

Aflfl papers reflect the fact that both authors were actfivefly finvoflved fin thefir deveflopment 

and wrfitfing.  
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CHAPTER 1: INTRODUCTION 

1. Introductfion

Carbonate rocks are deposfited durfing sea-flevefl hfighstands, whereas subaerfiafl erosfion 

that produces erosfionafl unconformfity takes pflace durfing sea-flevefl flowstands.  Erosfionafl 

unconformfitfies are fimportant fin stratfigraphy and sedfimentoflogy because they (1) form sequence 

boundarfies that separate carbonate successfions (Esteban and Kflappa, 1983; James and Choquette, 

1990; Cflarfi et afl., 1995; Hfiflflgärtner, 1998; Sattfler et afl., 2005), (2) may findficate surfaces have 

experfienced meteorfic dfiagenetfic aflteratfion or doflomfitfizatfion (e.g., Esteban and Kflappa, 1983; 

James and Choquette, 1988; Tucker, 1990; Wrfight and Smart, 1994; Saflfler et afl., 1994, 1999; 

Whfitaker et afl., 1999; Budd et afl., 2002; Mfiflfler et afl., 2012; Zhao and Jones, 2012a), (3) gfive rfise 

to the deveflopment of caflcretes and pafleosofls (e.g., Aflonso-Zarza and Wrfight, 2010), and (4) may 

flead to the deveflopment of surface and subsurface karst (e.g., Frfisfia and Borsato, 2010).  

Durfing recent decades, carbonate geoflogfists have devoted a flot of effort to finvestfigate 

the factors that controfl the dfiagenetfic regfimes that deveflop fin assocfiatfion wfith an erosfionafl 

unconformfity (Gofldstefin, 1988; Dfickson and Saflfler, 1995; Rankey, 1997; Budd et afl., 1995, 

2002; Saflfler et afl., 1999; Smfith and Read, 1999; Wefidflfich, 2010; Mfiflfler et afl., 2012).  These 

factors fincflude duratfion of the exposure, fluctuatfion of sea flevefl, tectonfics, pafleogeography, 

pafleocflfimate, aqufifer configuratfion, and/or propertfies (fi.e., flfithoflogy, porosfity and permeabfiflfity) 

of the bedrock.  Theoretficaflfly, the dfiagenetfic products shoufld record the pafleo-geoflogficafl 

condfitfions that were actfive when an erosfionafl unconformfity was deveflopfing.  Such an approach, 

however, can be greatfly hfindered by the overprfintfing of fabrfics that may resuflt from repeated 

perfiods of exposure. 

As wfith meteorfic dfiagenesfis, karst flandforms and the vofid-fiflflfing deposfits deposfits 

assocfiated wfith an erosfionafl unconformfity are aflso controflfled by many dfifferent factors.  

Understandfing the factors that controfl the deveflopment of karst flandforms and the vofid-fiflflfing 

deposfits coufld heflp to (1) fimprove stratfigraphfic anaflysfis of the carbonate strata, (2) deveflop 
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crfiterfia by whfich pafleokarst coufld be recognfized fin ancfient strata, and (3) reconstruct the 

geoflogficafl condfitfions that exfisted durfing a perfiod when denudatfion domfinated.  Neverthefless, 

the flandforms that can deveflop on an erosfionafl unconformfity have rarefly been studfied.  Thfis 

fis because (1) karst flandforms, especfiaflfly those wfith mfinor reflfief are burfied and therefore hard 

to decfipher, (2) the posfitfive karst forms, such as tower karst and cone karst, may have been 

damaged and destroyed as sea flevefl rose (Purdy and Wafltham, 1999), and (3) the karst flandforms 

are easfifly destroyed when finundated by fluvfiafl systems and sfiflficate sedfiments (Ford, 1988).

The karst flandforms and vofid-fiflflfing deposfits assocfiated wfith erosfionafl unconformfitfies on 

the Cayman Isflands are good candfidates for assessfing the processes that were actfive durfing sea-

flevefl flowstands because (1) Grand Cayman and Cayman Brac are geographficaflfly fisoflated by 

deep oceanfic water, wfith flfittfle to no finfluences of sfiflficate sedfiments and fluvfiafl systems, (2) the 

unconformfitfies are geoflogficaflflyjc young and devefloped durfing sea flevefl flowstands, (3) modern 

and burfied unconformfitfies exfist fin the same geographfic areas, (4) comparfison of Grand Cayman 

and Cayman Brac, whfich have dfifferent tectonfic hfistorfies, aflflows separatfion of the finfluences of 

upflfift as opposed to sea flevefl changes (Horsfiefld, 1975; Stoddart, 1980; Jones and Hunter, 1990; 

Vézfina et afl., 1999; Coyne et afl., 2007), and (5) the formatfion of karst flandforms fis ongofing 

today.  By focusfing on erosfionafl unconformfitfies fin the Cenozofic carbonate successfion on Grand 

Cayman and Cayman Brac, thfis study fis desfigned to (1) systematficaflfly decfipher and compare the 

3-D topography of each unconformfity, and examfine how eustasy and upflfift finfluenced the overaflfl 

stratfigraphfic archfitecture, (2) compare the karst flandforms on Grand Cayman and Cayman 

Brac and evafluate the factors that controfl thefir formatfion, and (3) reveafl the petrography and 

geochemficafl attrfibutes of sfinkhofle-fiflflfing deposfits, whfich may provfide finsfights finto the processes 

that occurred as an erosfionafl unconformfity was deveflopfing.  Coflflectfivefly, thfis study examfines 

the geoflogficafl finformatfion that fis recorded by the erosfionafl unconformfity fitseflf.  Potentfiaflfly, thfis 

has wfidespread appflficatfion to other carbonate successfions by provfidfing a better understandfing 

of (1) the geometry of carbonate strata that are bounded by erosfionafl unconformfitfies, (2) the 

deveflopment of karst features beflow an ancfient erosfionafl unconformfity, and (3) envfironmentafl 
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sfignafls that can be preserved by the deposfits that fiflfl sfinkhofles. 

2. Study area and methods

2.1. Study area

Lyfing cflose to Cuba and Jamafica, the Cayman Isflands comprfise Grand Cayman, Lfittfle 

Cayman, and Cayman Brac (Ffig. 1-1).  Each of these fisflands fis a pfinnacfle on the Cayman Rfidge, 

whfich flfies paraflflefl to the Orfiente Transform Fauflt that separates the North Amerfica Pflate from 

the Carfibbean Pflate (Perfit and Heezen, 1978; Ffig. 1-1).  Southwest of Grand Cayman there fis 

the Mfid-Cayman Rfise, whfich fis an actfive spreadfing center.  At the north end of the Mfid-Cayman 

Rfise fis the Orfiente Transform Fauflt, whfich extends westward, whereas at the south end fis the 

Swan Isflands Transform Fauflt, whfich extends westward (MacDonafld and Hoflcombe, 1978; Ffig. 

1-1).  The Orfiente Transform Fauflt forms the northern margfin of the Cayman Trench (MacDonafld 

and Hoflcombe, 1978), whfich fis a puflfl-apart basfin (up to 7686 m deep) flocated on the north 

margfin of the Carfibbean Pflate (Ffig. 1-1). 

The Mfid-Cayman Rfise has probabfly been actfive sfince the Late Eocene (Perfit, 1977; 

Mattson, 1984; Rosencrantz and Scflater, 1986; Bruke, 1988; Pfindeflfl et afl., 1988; Ross and 

Scotese, 1988; Pfindeflfl, 1991; Iturraflde-Vfinent, 1994; Leroy et afl., 2000; Pfindeflfl and Kennan, 

2009).  From the Late Eocene to Oflfigocene, movement on the Orfiente Transform Fauflt fled to 

the detachment of the Cayman Isflands from thefir parent arc and transported them to the present 

flocatfion (Iturraflde-Vfinent, 1994; Caflafis and Mercfier de Lépfinay, 1995).  Sfince the earfly Mfiddfle 

Mfiocene, flocaflfized extensfionafl features began to form (Iturraflde-Vfinent and Macphee, 1999; 

Iturraflde-Vfinent, 2006).  Thfis movement probabfly generated fauflts, at ~90° to the Orfiente 

Transform Fauflt that dfivfided the Cayman Rfidge finto a serfies of fauflt bflocks.  Aflthough not 

known wfith certafinty, fit appears that each of the Cayman Isflands fis flocated on a separate fauflt 

bflocks.  Thereafter, the transpressfion trfiggered by the transcurrent (west-east) motfion aflong 

the north flank of the Cayman Trench caused upflfift (Rojas-Agramonte et afl., 2005; Pfindeflfl and 

Kennan, 2009).  Cayman Brac, for exampfle, was upflfifted between the Late Pflfiocene and ~125 
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Ffig. 1-1. (A) Locatfions of Grand Cayman and Cayman Brac reflatfive to the Mfid-Cayman Rfise, 

the Cayman Trench, and the Orfiente Transform Fauflt (Modfified from Jones, 1994, and based 

on maps from Perfit and Heezen, 1978, and MacDonafld and Hoflcombe, 1978). (B) Surface 

geoflogy on Grand Cayman (modfified from Jones, 1994). The weflfls and bflack flfines findficate 

flocatfions of transects fin Ffigure 1-4. (C) Surface geoflogy on Cayman Brac (modfified from 

Jones, 1994).  The weflfls findficate flocatfion of transect fin Ffigure 1-3.
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ka (Zhao and Jones, 2012a, 2013).  In contrast, Grand Cayman, whfich fis ~150 km away from 

Cayman Brac, appears to have experfienced flfittfle, fif any, tectonfic movements sfince the Oflfigocene 

(Horsfiefld, 1975; Stoddart, 1980; Jones and Hunter, 1990; Vézfina et afl., 1999; Coyne et afl., 

2007). 

Each of the Cayman Isflands fis a carbonate bufifld-up fisoflated by deep oceanfic water, wfith 

no surface streams.  Eustatfic sea-flevefl changes and/or tectonfic movements are responsfibfle for 

the stratfigraphfic archfitectures of these fisflands.  The hfighstands fin the earfly Oflfigocene, mfiddfle 

Mfiocene and earfly Pflfiocene, for exampfle, fled to the deposfitfion of the sedfiments that now 

form the Brac Formatfion, the Cayman Formatfion and the Pedro Castfle Formatfion (Ffig. 1-2), 

respectfivefly (Jones, 1994; Jones, et afl., 1994a 1994b).  Conversefly, sea flevefl flowstands durfing the 

flate Oflfigocene-earfly Mfiocene, the flate Mfiocene, and the flate Pflfiocene gave rfise to the subaerfiafl 

erosfion, whfich produced the erosfionafl unconformfitfies that now define the boundarfies between 

the dfifferent formatfions.  The unconformfity between the Brac Formatfion and the Cayman 

Formatfion, for exampfle, finfitfiaflfly formed durfing the flowstand durfing the flate Oflfigocene to earfly 

Mfiocene, whereas the unconformfity at the top of the Cayman Formatfion formed durfing the flate 

Mfiocene.  Subaerfiafl erosfion, whfich occurred from the flate Pflfiocene onwards, gave rfise to the 

unconformfity that forms the upper surface of the Pedro Castfle Formatfion.  On most of the eastern 

haflf of Grand Cayman and much of the upflfifted core of Cayman Brac, thfis phase of subaerfiafl 

erosfion compfletefly removed the Pedro Castfle Formatfion, and fled to further modfificatfion of the 

upper surface of the Cayman Formatfion. 

2.2. Methods

Subsurface unconformfitfies on Grand Cayman and Cayman Brac were flocated by data 

obtafined from weflfls, whereas the exposed unconformfitfies were decfiphered by anaflysfis of 

outcrops and dfigfitafl eflevatfion modefls (DEMs).  On Grand Cayman and Cayman Brac, outcrops 

are flfimfited to the coastafl areas, quarrfies, and constructfion sfites, whfich have been cfleared of dense 

tropficafl vegetatfion and thereby made accessfibfle.  Over the flast 30 years, core and/or chfip sampfles 

have been coflflected from the 112 weflfls drfiflfled by Dr. Brfian Jones’ group and other organfizatfions 
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Cayman Unconformtfiy

Brac Unconformtfiy

Ffig. 1-2. Stratfigraphfic successfion of the Cayman Isflands (modfified from Jones, 1994) showfing 

flfithoflogy and domfinant bfiota of each unfit. 
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(e.g., Water Authorfity, Cayman Isflands).  On Grand Cayman, drfiflflfing has produced cored weflfls (54 

weflfls), mfixed cores and weflfl cuttfings (8 weflfls), and weflfl cuttfings (35 weflfls).  On Cayman Brac, 

fin contrast, the drfiflflfing fis represented onfly by weflfl cuttfings that were coflflected from 15 weflfls.  

Most of the drfiflflfing on Cayman Brac was done around the perfiphery of the upflfifted core, because 

the finterfior fis flargefly finaccessfibfle and water needed for drfiflflfing fis absent.  By usfing krfigfing 

method, the 3-dfimentfionafl topography of each undersurface unconformfity coufld be finterpoflated 

from the data obtafined from these scattered weflfls and outcrops.  Thfis procedure fis automatficaflfly 

done by Surfer 10 software. 

Eflevatfions of the exposed unconformfitfies on Grand Cayman and Cayman Brac came from 

the dfigfitafl eflevatfion modefls (DEMs) that were constructed from data provfided by the Lands and 

Survey Department, Government of the Cayman Isflands.  DEMs, wfith a grfid resoflutfion of 3 m 

× 3 m, were used to modefl the appearance of the bare ground surface by usfing the flast returns 

of flaser scannfing.  As such, thfis new technoflogy aflflows the examfinatfions of the topography of 

aflfl the exposures, fincfludfing both of accessfibfle and finaccessfibfle areas, on Grand Cayman and 

Cayman Brac.   

The study of sfinkhofle-fiflflfing deposfits reflfies on outcrops, thfin sectfions, X-ray dfiffractfion 

(XRD), and geochemficafl anaflyses.  Anaflysfis of the sfinkhofle-fiflflfing deposfits was flfimfited flargefly 

to the southeastern corner of Grand Cayman, because that area (1) fis easy to access, (2) has been 

cfleared of vegetatfion, and (3) fincfludes vertficafl sectfions through the sfinkhofle fiflfls.  The hand 

sampfles coflflected from the sfinkhofles were then anaflyzed petrographficaflfly and geochemficaflfly.  

The petrography of sfinkhofle-fiflflfing deposfits was estabflfished from flarge thfin sectfions (7.5 × 5 

cm), whfich were made from flarge hand sampfles.  Scannfing eflectron mficroscopy (SEM) was 

used to examfine the mficro-fabrfics of fractured hand sampfles, whereas the eflementafl content 

of seflected spots were estabflfished by Energy-dfispersfive X-ray (EDX) anaflysfis.  Powdered 

sampfles (75-150 μm), made from dfifferent components of the sampfles, were anaflyzed for thefir 

mfineraflogy, fisotopes, and rare earth eflements (REE).  The mfineraflogy of the powdered sampfles 

was quantfitatfivefly determfined by X-ray dfiffractfion anaflysfis (XRD), whfich was done on a Rfigaku 
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Gefigerflex 2173 XRD system usfing Co Kα radfiatfion.  The powdered sampfles were aflso anaflyzed 

for carbon and oxygen stabfle fisotopes and eflements, by the standard phosphorfic acfid dfissoflutfion 

method foflflowfing McCrea (1950).  Eflement (Ca, Fe, Mn, Afl, REE) concentratfions were 

determfined by finductfivefly coupfled pflasma mass spectrometer (ICP-MS).  Detafifls of the technficafl 

parameters for each method are presented fin the approprfiate chapters. 

3. Prevfious research

3.1. Stratfigraphy and unconformfitfies

The Tertfiary carbonate successfion on the Cayman Isflands was orfigfinaflfly named the “Bfluff 

Lfimestones” by Matfley (1926).  Based on Lepfidocycflfina found fin the buff coflored, massfive and 

hard flfimestones fin sheer cflfiffs aflong the northeast coast of Cayman Brac, a Mfiddfle Oflfigocene 

age was assfigned to the “Bfluff Lfimestone” (Matfley, 1926).  The Pflefistocene flfimestones that 

overflfie the Bfluff Lfimestones were named the Ironshore Formatfion (Matfley, 1926).  Subsequent 

finvestfigatfions reveafled there fis extensfive doflomfite fin Bfluff Lfimestone (Jones et afl., 1984; 

Pfleydeflfl, 1987; Jones and Hunter, 1989).  Thus, the term “Bfluff Lfimestone” was modfified to “Bfluff 

Formatfion” fin order to remove the flfithoflogficafl connotatfion (Jones and Hunter, 1989).  Jones 

and Hunter (1989) fidentfified an unconformfity fin the Bfluff Formatfion, whfich was used to dfivfide 

the formatfion finto the Cayman Member and the overflyfing Pedro Castfle Member.  Later these 

two members were eflevated to formatfionafl status (Jones et afl., 1994a).  Subsequentfly, the Brac 

Formatfion, whfich contafins Lepfidocycflfina-rfich flfimestone and doflostone, was fidentfified fin the 

cflfiff faces on the eastern end of Cayman Brac (Jones et afl., 1994b).  Thus, the stratfigraphy was 

amended so that the Bfluff Formatfion becomes the “Bfluff Group”, whfich encompassed the Brac 

Formatfion, the Cayman Formatfion and the Pedro Castfle Formatfion (Jones et afl., 1994a, 1994b).  

Based on fossfifls and Sr fisotope data, the Brac Formatfion, the Cayman Formatfion and the Pedro 

Castfle Formatfion were formed fin earfly Oflfigocene, mfiddfle Mfiocene and Pflfiocene, respectfivefly 

(Jones et afl., 1994a, 1994b). 

For the ease of communficatfion, the unconformfitfies fin the Bfluff Group were finfitfiaflfly named 
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accordfing to the formatfion that fit caps (Jones and Hunter, 1994b).  Thus, the Brac Unconformfity 

denoted the upper surface of the Brac Formatfion, whereas the Cayman Unconformfity defined the 

upper surface of the Cayman Formatfion.  The Pedro Castfle Unconformfity fis the upper surface 

of the Pedro Castfle Formatfion.  In each case, the unconformfity may be overflafin by a younger 

formatfion and/or exposed to the atmosphere.

3.2. Identfificatfion of unconformfitfies

The unconformfitfies fin the Bfluff Group are fidentfified based on the contrast fin flfithoflogy, 

hardness, dfiagenesfis, and fossfifls between the successfions above and beflow the unconformfity 

befing consfidered.  The unconformfity between the Brac Formatfion and the Cayman Formatfion, 

for exampfle, was fidentfified fin outcrops and weflfls on the eastern haflf of Cayman Brac (Jones, 

1994; Jones and Hunter, 1994a; Jones et afl., 1994a; Uzeflman, 2009; Zhao and Jones, 2012b), 

because (1) the Brac Formatfion fis formed of flfimestones fintermfixed wfith fabrfic-destructfive, 

coarsefly crystaflflfine and sucrosfic doflostones, whereas the Cayman Formatfion fis formed of 

finefly crystaflflfine, fabrfic-retentfive doflostones (Jones and Hunter, 1994a; Jones et afl., 1994a; 

Uzeflman, 2009; Zhao and Jones, 2012b), (2) the bfiota fin the upper part of the Brac Formatfion fis 

characterfized by numerous flarge Lepfidocycflfina, whfich are not found fin the Cayman Formatfion 

(Jones, 1994; Jones and Hunter, 1994a; Jones, et afl., 1994a), (3) the upper surface of the Brac 

Formatfion forms the flat roof of caves (Jones et afl., 1994a; Uzeflman, 2009; Zhao and Jones, 

2012b), (4) there fis evfidence of an ofld sprfing at the boundary between the Cayman Formatfion 

and the Brac Formatfion, and (5) borfings that penetrate the upper surface of the Brac Formatfion 

(Jones and Hunter, 1994a; Jones et afl., 1994a; Uzeflman, 2009).

The unconformfity between the Cayman Formatfion and the Pedro Castfle Formatfion has 

been fidentfified fin outcrops and cores on the western haflf of Grand Cayman and the west end of 

Cayman Brac (Jones and Hunter, 1989, 1994b; Jones, 1994; Jones et afl., 1994a, 1994b; Wfignaflfl, 

1995).  The crfiterfia used to dfistfingufish thfis karst surface fincflude (1) the fabrfic-retentfive, finefly 

crystaflflfine doflostones fin the Cayman Formatfion contrasts wfith the fintercaflated flfimestones and 

doflostones fin the Pedro Castfle Formatfion (Jones, 1994; Jones and Hunter, 1994b; Jones et afl., 



10

1994a, 1994b; Arts, 2000), (2) doflostones fin the Cayman Formatfion are generaflfly harder than 

the doflostones and flfimestones fin the Pedro Castfle Formatfion (Jones and Hunter, 1989, 1994b; 

Jones, 1994; Jones et afl., 1994a; Wfignaflfl, 1995; Art, 2000; MacNefifl, 2001), (3) fossfifls fin the 

Cayman Formatfion that are dfifferent from those fin the Pedro Castfle Formatfion, as the Cayman 

Formatfion has more coflonfiafl corafls and fewer free-flfivfing corafl (Jones and Hunter, 1989; Jones, 

1994, Jones et afl., 1994a, 1994b), (4) flfimpfid doflomfite and caymanfite are common fin cavfitfies fin 

the doflostones of the Cayman Formatfion but rare fin the flfimestones and doflostones of the Pedro 

Castfle Formatfion (Jones and Hunter, 1989, 1994a, 1994b; Jones, 1992a, 1994; Jones et afl., 

1994a, 1994b), (5) borfings are common on unconformfity (Jones and Hunter 1989, 1994b; Jones, 

1992b; Jones et afl., 1994a, 1994b; Wfignaflfl, 1995), and (6) flarge caves, whfich are abundant fin 

the Cayman Formatfion are rare fin the Pedro Castfle Formatfion (Jones and Hunter, 1989; Jones, 

1992b, 1994a).

The unconformfity between the Pedro Castfle Formatfion and the Ironshore Formatfion fis 

wfidefly recognfized fin the weflfls that have been drfiflfled on the western part of Grand Cayman and 

the west end of Cayman Brac.  Its fidentfificatfion fis based on the foflflowfing facts: (1) the Pedro 

Castfle Formatfion fis formed of weflfl-flfithfified flfimestones and/or doflostones that contrast sharpfly 

wfith the soft and frfiabfle flfimestones fin the overflyfing Ironshore Formatfion (Jones, 1994; Jones 

et afl., 1994b; Wfignaflfl, 1995; Vézfina, 1997; Coyne, 2003; Etherfington, 2004), and (2) weflfl-

preserved fossfifls are common fin the Ironshore Formatfion but rare fin the Pedro Castfle Formatfion 

(Cerrfidwen, 1989; Hunter and Jones, 1990; Jones, 1990, 1994; Jones and Hunter, 1990, 1994a; 

Cerrfidwen and Jones, 1991; Jones et afl., 1994a, 1994b). 

3.3. Karst flandforms on erosfionafl unconformfitfies

The topography of the unconformfity between the Brac Formatfion and Cayman Formatfion 

fis dfifficuflt to define accuratefly because of the paucfity of weflfls and outcrops that fincflude thfis 

unconformfity.  Neverthefless, data from the outcrop aflong the cflfiff face on the eastern end of 

Cayman Brac and weflfls KEL#1 and CRQ #1 findficate that the Brac Unconformfity probabfly 

dfips westward at ~0.5° (Ffig. 1-3) (Jones, 1994; Jones and Hunter, 1994a; Jones et afl., 1994a; 
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Uzeflman, 2009).  The hfighest pofint of the Brac Unconformfity at the East End fis 33 m above sea 

flevefl (asfl), whereas the flowest pofint yet found on the western end of the fisfland fis 16 m beflow sea 

flevefl (bsfl), fin weflfl BW#1.  Evfidence from outcrop and varfious weflfls aflso findficates that there fis a 

reflfief of at fleast 25 m on thfis unconformfity (Jones, 1994).  The topography of thfis unconformfity 

on Grand Cayman, however, fis poorfly known because (1) fit fis not found fin any outcrops, (2) fit fis 

generaflfly too deep to be fincfluded fin most of the weflfls that have been drfiflfled, (3) fit has never been 

found fin any of the cored weflfls.

The upper surface of the Cayman Formatfion fis characterfized by perfipherafl rfims aflong the 

coasts that encflose an atoflfl-shape depressfion (Ffig. 1-4), wfith fit base befing more than 30 m bsfl 

under North Sound (Jones and Hunter, 1994b).  Over much of the western haflf of Grand Cayman, 
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Ffig. 1-3. Stratfigraphfic reflatfionshfips between the Brac Formatfion, Cayman Formatfion, Pedro 

Castfle Formatfion, and Ironshore Formatfion aflong the East-West Transect on the upflfifted 

core of Cayman Brac (modfified from Jones, 2005). See Ffigure 1-1C for precfise flocatfions of 

weflfls.
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Ffig. 1-4. Stratfigraphfic reflatfionshfips between the Cayman Formatfion, Pedro Castfle Formatfion 

and Ironshore Formatfion on Grand Cayman. (A) Safe Haven Transect on the western haflf 

of Grand Cayman (modfified from Jones and Hunter, 1994b). See Ffigure 1-1B for precfise 

flocatfions of weflfls. (B) Lower Vaflfley Transect on Grand Cayman (modfified from Jones and 

Hunter, 1994b). See Ffigure 1-1B for precfise flocatfions of weflfls. (C) Aflong the Roger’s Wreck 

Pofint Transect on the northeastern corner of Grand Cayman (modfified from Vézfina, 1997).  

See Ffigure 1-1B for precfise flocatfions of weflfls.
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the Cayman Formatfion fis generaflfly beflow sea flevefl and overflafin by the Pedro Castfle Formatfion, 

whereas over the eastern haflf of the fisfland, the formatfion fis typficaflfly above sea flevefl and exposed 

to the atmosphere (Jones and Hunter, 1994b).  A reflfief of at fleast 60 m for the upper surface of 

the Cayman Formatfion fis obtafined by comparfing the peak of “The Mountafin” (22 m asfl) and the 

base of a pafleo-sfinkhofle drfiflfled by weflfl QHW#1 (Jones and Hunter, 1994b).

Sfinkhofles, soflutfion-wfidened jofints, and phytokarst characterfize most exposures of the 

Cayman Formatfion on the eastern part of Grand Cayman (Jones and Smfith, 1988; Squafir, 1988; 

Jones, 1989, 1992b).  Numerous sfinkhofles, up to 10 m deep and wfith a dfiameter up to 30 m, are 

found on Grand Cayman (Doran, 1954; Foflk et afl., 1973; Jones and Smfith, 1988; Jones, 1989, 

1992b).  Many of these sfinkhofles are flfined wfith flamfinar rootcrete (Jones, 1992b; Aflonso-Zarza 

and Jones, 2007).  Jofints, whfich have been soflutfion-wfidened, are open, water-fiflfled, or fiflfled 

wfith varfious types of precfipfitates and/or sedfiments.  Typficaflfly, the orfientatfions of the jofints are 

sfimfiflar to the fauflts that define the fauflt bflocks, findficatfing tectonfic controfl (Rfigby and Roberts, 

1976).  Neverthefless, fiefldwork, sateflflfite fimages, and stratfigraphfic maps have not reveafled any 

evfidence of tectonfic dfispflacement or fofldfing of the strata on Grand Cayman (Der, 2012).  The 

weathered surface of the Cayman Formatfion has suffered extensfive phytokarst deveflopment, 

whfich fis responsfibfle for fits bflack, honeycomb appearance (Foflk et afl., 1973; Jones and Smfith, 

1988; Jones, 1989).  Pfinnacfles and pfits are common.  Pfinnacfles are characterfized by concavfitfies 

that are separated from each other by razor-sharp edges, whereas pfits are firreguflar fin shape and 

have strafight sfides (Squafir, 1988).  

On the upflfifted core of Cayman Brac, the upper surface of the Cayman Formatfion fis a tfiflted 

karst surface, wfith most of fit exposed to the atmosphere (Jones et afl., 1994b; Jones, 2005).  A 

reflfief of 62 m fis obtafined fif the exposed Cayman Formatfion on East End (46 m asfl) fis compared 

wfith the posfitfion of the flower boundary found fin weflfl BW#1 (16 m bsfl).  However, the heavy 

tropficafl vegetatfion found on Cayman Brac hfinders a detafifled assessment of the karst features.  

Neverthefless, flarge-scafle posfitfive karst features, such as tower karst, whfich characterfize many 

tropficafl karst flandscapes, are not found on Grand Cayman and Cayman Brac.



14

3.4. Sfinkhofle (jofints)-fiflflfing deposfits

Karst features, such as sfinkhofles and jofints, are common sfites for deposfitfion of sedfiments 

and precfipfitatfion of varfious mfinerafls, whfich may contafin geoflogficafl finformatfion that cannot be 

obtafined from other sources (Smart et afl., 1988; Jones, 1992b; Mfiflfler et afl., 2012).  On Grand 

Cayman, many of the sfinkhofles contafin a wfide array of sfinkhofle-fiflflfing deposfits, fincfludfing 

rootcrete, terra rossa, and breccfias formed of flfimestone and doflostone flfithocflasts hefld fin 

flfimestone matrfices (Jones and Smfith, 1988; Jones, 1989, 1992b; Aflonso-Zarza and Jones, 2007).  

The flack of doflomfitfizatfion or doflomfite deveflopment fin the breccfias findficates these fiflfls post 

date the flast phase of doflomfitfizatfion (Jones and Smfith, 1988; Jones, 1992b).  In addfitfion, the 

petrographfic features fin those sfinkhofle-fiflflfing deposfits show that they were dfifferent fin terms of 

provenances and ages (Jones and Smfith, 1988; Jones, 1992b).

4. Objectfives

Varfious studfies have focused attentfion on dfifferent aspects of the unconformfitfies found on 

Grand Cayman and Cayman Brac.  On Grand Cayman, for exampfle, the Cayman Unconformfity 

has been studfied, wfith emphasfis befing pflaced on fits topography (Jones and Hunter, 1994b), karst 

features (Jones and Smfith, 1988; Squafir, 1988), and cavfity-fiflflfing deposfits (Jones, 1992b).  On 

Cayman Brac, fin contrast, the unconformfitfies have recefived flfittfle attentfion because of flfimfited 

data (Jones, 1994; Jones and Hunter, 1994a).  Over the flast ten years, numerous weflfls have been 

drfiflfled on Cayman Brac and the eastern haflf of Grand Cayman.  Data from these weflfls make fit 

possfibfle to define the attfitude of the burfied unconformfitfies on Grand Cayman and Cayman Brac.  

Furthermore, the productfion of DEMs and decfipherfing of the karst flandscapes fin finaccessfibfle 

areas provfides addfitfionafl finformatfion on the nature of these unconformfitfies and exposed surfaces.  

Aflthough sfinkhofle-fiflflfing deposfits on these two fisflands are wfidespread (Jones and Smfith, 1988; 

Jones, 1992b), thefir petrographfic and geochemficafl propertfies have never been examfined. 

The mafin objectfives of thfis thesfis, whfich fis focused on the unconformfitfies wfithfin the 

Tertfiary successfion found on Grand Cayman and Cayman Brac, are as foflflows:

•  Deflfineatfion of the factors that controflfled deveflopment of the topography on the erosfionafl 
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unconformfitfies on Grand Cayman and Cayman Brac, wfith a focus on the rofle exerted by 

upflfift versus eustatfic sea-flevefl changes.  Gfiven that the topography of the unconformfitfies 

dfictates the thfickness of a carbonate formatfion, these factors are fimportant fin stratfigraphfic 

archfitecture.

•  Decfipherfing and comparfing the karst forms devefloped on the exposed doflostones of the 

Cayman Formatfion on Grand Cayman and Cayman Brac.  In dofing so, the factors 

controflflfing the deveflopment of varfious karst forms, especfiaflfly upflfift versus eustatfic sea-

flevefl changes, can be decfiphered.

•  Assessment of the possfibfiflfity that petrographfic and geochemficafl attrfibutes (fi.e., fisotopes and 

rare earth eflements) fin sfinkhofle-fiflflfing deposfits can be used to reveafl a marfine or non-

marfine provenance.  In so dofing, the pafleo-envfironment that exfisted durfing a perfiod when 

the erosfionafl unconformfitfies devefloped can be reconstructed. 

Thfis thesfis fis presented fin a paper-based format.  The second and the forth chapters have 

been pubflfished fin a peer-revfiewed journafl.

Chapter Two: Thfis chapter fimproves the crfiterfia that are used to fidentfify the 

unconformfitfies fin the carbonate sequences of the Cayman Isflands.  By usfing these crfiterfia, the 

posfitfions of the unconformfitfies can be flocated fin weflfls and outcrops.  These scattered data, 

together wfith the topographfic data on the exposure strata obtafined from DEMs, generated 

finterpoflated surfaces that show the topographfic features assocfiated wfith the unconformfitfies.  

These topographfic features are expflafined fin terms of the changes fin sea flevefl, tectonfic movement, 

and/or coastafl erosfion.  Most fimportantfly, by comparfison of unconformfitfies between Grand 

Cayman and Cayman Brac, thfis paper examfine the rofles that tectonfic upflfift and changes fin sea 

flevefl pflay fin the topographfic deveflopment of weatherfing surfaces. 

Pubflfished as: Lfiang, T. and Jones, B., 2014. Decfipherfing the fimpact of sea-flevefl changes 

and tectonfic movement on erosfionafl sequence boundarfies fin carbonate successfions: A case study 

from Tertfiary strata on Grand Cayman and Cayman Brac, Brfitfish West Indfies. Sedfimentary 

Geoflogy 305, 17-34.
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Chapter Three: Thfis chapter uses DEMs, together wfith fiefld observatfion, to examfine 

varfious karst forms devefloped on the exposed Cayman Formatfion on Grand Cayman and 

Cayman Brac.  In so dofing, the factors that controfl the deveflopment of karst flandforms are 

examfined.  In partficuflar, comparfison of karst flandforms between the two fisflands aflflows the 

evafluatfion of the effects of tectonfic movements as opposed to eustatfic sea-flevefl changes.  The 

resuflts demonstrate that the flandforms on these two fisflands reflect the finterpflay between the drop 

of sea flevefl, cflfimate, tectonfic movements, and phytokarst deveflopment. 

In submfissfion as: Lfiang, T. and Jones, B., 2015. Ongofing, flong-term evoflutfion of an 

unconformfity that orfigfinated as a karstfic surface fin the Late Mfiocene: A case study from the 

Cayman Isflands, Brfitfish West Indfies. Sedfimentary Geoflogy.

Chapter Four:  Thfis chapter focuses on varfious sfinkhofle-fiflflfing deposfits assocfiated 

wfith the exposed surface of the Cayman Formatfion on Grand Cayman and Cayman Brac, and 

documents thefir petrographfic features, stabfle fisotope, and trace eflements (fi.e., Afl, Fe, Mn, Y, and 

REE).  In so dofing, the processes that take pflace durfing a perfiod when an erosfionafl unconformfity 

fis deveflopfing are unravefled.  Most fimportantfly, thfis study shows that REE sfignatures fin carbonate 

deposfits can be used to “fingerprfint” deposfits and determfine fif they have a marfine or non-marfine 

provenance.

Pubflfished as: Lfiang, T. and Jones, B., 2015. Petrographfic and geochemficafl features 

of sfinkhofle-fiflflfing deposfits assocfiated wfith an erosfionafl unconformfity on Grand Cayman. 

Sedfimentary Geoflogy 315, 64-82. 

Chapter Ffive: Thfis chapter summarfizes the aflfl of the concflusfions that have been reached 

from the study.
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CHAPTER 2: DECIPHERING THE IMPACT OF SEA-LEVEL CHANGES AND 

TECTONIC MOVEMENT ON EROSIONAL SEQUENCE BOUNDARIES IN 

CARBONATE SUCCESSIONS: A CASE STUDY FROM TERTIARY STRATA ON 

GRAND CAYMAN AND CAYMAN BRAC, BRITISH WEST INDIES 1

1. Introductfion

The stratfigraphfic archfitecture of carbonate successfions on fisoflated oceanfic fisflands reflects 

the baflance between deposfitfion that takes pflace durfing sea-flevefl hfighstands and erosfion that 

takes pflace durfing sea-flevefl flowstands (Choquette and James, 1988; Esteban, 1991; Myflrofie 

and Carew, 1995).  Thus, the three-dfimensfionafl geometry of a formatfion on such fisflands fis 

controflfled, to a flarge extent, by the topographfies of the boundfing unconformfitfies.  Thfis fis 

especfiaflfly true fif the reflfief on those unconformfitfies fis hfigh when compared to the thfickness of 

the formatfion.  Aflthough a varfiety of factors, such as the duratfion of exposure, cflfimate, bedrock 

type, pafleohydroflogy, pafleotopography, and vegetatfion, may affect the deveflopment of an 

unconformfity (Wrfight, 1982, 1996; Esteban and Kflappa, 1983; Wrfight and Smart, 1994; Saflfler 

et afl., 1994, 1999; Budd et afl., 2002; Wefidflfich, 2010), fit has flong been recognfized that eustatfic 

changes fin sea flevefl and tectonfic movements are the key factors fin thefir deveflopment (Choquette 

and James, 1988).  Identfifyfing the fimpact of eustasy as opposed to tectonfism on unconformfity 

deveflopment fis, however, commonfly probflematfic because both processes can produce exactfly the 

same effects (Choquette and James, 1988; Budd et afl., 1995; Dfickfinson et afl., 2002). 

Grand Cayman and Cayman Brac, Brfitfish West Indfies, are fideafl for examfinfing thfis fissue.  

Wfithfin 150 km of each other (Ffig. 2-1), these fisoflated fisflands have experfienced the same 

eustatfic changes, cflfimate, and deposfitfionafl condfitfions from the Oflfigocene to present.  Grand 

Cayman and Cayman Brac are, however, flocated on dfifferent fauflt bflocks that have dfifferent 

tectonfic hfistorfies (Horsfiefld, 1975; Stoddart, 1980; Jones and Hunter, 1990; Vézfina et afl., 1999; 

1　Thfis chapter was pubflfished as: Lfiang, T., Jones, B., 2014. Decfipherfing the fimpact of sea-flevefl 
changes and tectonfic movement on erosfionafl sequence boundarfies fin carbonate successfions: 
A case study from Tertfiary strata on Grand Cayman and Cayman Brac, Brfitfish West Indfies. 
Sedfimentary Geoflogy 305, 17-34.
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Coyne et afl., 2007).  Grand Cayman, wfith flat-flyfing strata, fis a flow-flyfing fisfland that appears 

to have experfienced flfittfle, fif any, tectonfic movement.  In contrast, Cayman Brac, whfich rfises 

up to 46 m above sea flevefl (asfl) at fits east end, wfith the strata dfippfing gentfly to the southwest, 

has been tectonficaflfly tfiflted.  By comparfing the stratfigraphfic archfitectures of these two fisflands, 

the fimpact of tectonfics can be separated from the fimpacts of eustasy on the deveflopment of 

the unconformfitfies found fin fin the Oflfigocene to Pflefistocene successfions.  Thus, thfis paper 

(1) deflfineates the topography of each unconformfity on Grand Cayman and Cayman Brac, (2) 

compares the topographfic features of each unconformfity on each fisfland, (3) fiflflustrates the 

stratfigraphfic archfitectures dfictated prfimarfifly by eustatfic sea-flevefl changes, and (4) fidentfifies the 

finfluences of flocafl tectonfic actfivfity on subaerfiaflfly-formed unconformfitfies.

2. Methods

The present-day topographfies of Grand Cayman and Cayman Brac are fiflflustrated by 

usfing dfigfitafl eflevatfion modefls (DEMs) devefloped from data provfided by the Lands and Survey 

Department, Government of the Cayman Isflands.  The DEM, wfith a grfid resoflutfion of 3 m, used 

the Unfiversafl Transverse Mercator (UTM) projectfion system and the North Amerfican Datum of 

1927.  The eflevatfion finformatfion, fincfludfing the hefights and profifle graphs, were obtafined through 

spatfiafl anaflyst toofls provfided fin ArcGIS 10 software. 

Ffig. 2-1. (A) Locatfion of Cayman Isflands; (B) Locatfions of Grand Cayman and Cayman 

Brac reflatfive to the Mfid-Cayman Rfise, the Cayman Trench, and the Orfiente Transform 

Fauflt (Modfified from Jones, 1994, and based on maps from Perfit and Heezen, 1978, and 

MacDonafld and Hoflcombe, 1978).
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Over the flast 30 years, 97 weflfls on Grand Cayman and 15 weflfls on Cayman Brac have been 

drfiflfled and sampfled.  On Grand Cayman, these weflfls yfieflded cores (54 weflfls), a mfixture of cores 

and weflfl cuttfings (8 weflfls), or weflfl cuttfings (35 weflfls) wfith each sampfle befing coflflected over 

an fintervafl of 0.8 m.  On Cayman Brac, weflfl cuttfings (15 weflfls) coflflected over 0.8 m fintervafls 

are the onfly sampfles avafiflabfle.  Coflflectfivefly, these sampfles, accompanfied wfith outcrops, aflflow 

anaflysfis of the sequences and deflfineatfion of the unconformfitfies between dfifferent formatfions.  

The spatfiafl archfitectures of these unconformfitfies were finterpoflated from the scattered weflfls and 

outcrops by usfing the krfigfing method, accordfing to a spherficafl semfi-varfiogram modefl.  Thfis 

procedure was done by the 3D Surface extensfion of Surfer 10 software.  

3. Geoflogfic settfing

Grand Cayman and Cayman Brac are flocated on the Cayman Rfidge (Jones, 1994; Vézfina 

et afl., 1999), whfich paraflflefls the Orfiente Transform Fauflt that separates the Carfibbean Pflate from 

the North Amerfican Pflate (Perfit and Heezen, 1978; Ffig. 2-1).  The Orfiente Transform Fauflt 

extends eastward from the north end of the Mfid-Cayman Rfise, whfich fis an actfive spreadfing 

center, whereas the Swan Isfland Transform Fauflt extends westward from the south end of the 

Mfid-Cayman Rfise (MacDonafld and Hoflcombe, 1978).  The Cayman Trench (Ffig. 2-1B), wfith fits 

northern margfin defined by the Orfiente Transform Fauflt, fis a puflfl-apart basfin, wfith the depths up 

to 7686 m.

Between the Late Eocene and Oflfigocene, the Orfiente Transform Fauflt detached Grand 

Cayman and Cayman Brac from thefir parent arc and transported them to thefir present flocatfions 

(Iturraflde-Vfinent, 1994; Caflafis and Mercfier de Lépfinay, 1995).  Sfince the earfly Mfiddfle Mfiocene, 

flocaflfized extensfionafl features began to form (Iturraflde-Vfinent and Macphee, 1999; Iturraflde-

Vfinent, 2006), resufltfing fin Cayman Brac befing on a dfifferent fauflt bflock than Grand Cayman 

(Matfley, 1926; Horsfiefld, 1975; Stoddart, 1980; Vézfina et afl., 1999).  After the Late Mfiocene 

(7.25 Ma usfing the tfime scafle of Gradstefin et afl., 2012, thefir Ffig. 1.2), Cayman Brac experfienced 

tectonfic tfifltfing untfifl about 125 ka.  In contrast, Grand Cayman appears to have remafined 

tectonficaflfly stabfle (Jones and Hunter, 1990; Vézfina et afl., 1999; Zhao and Jones, 2012a, 2013).
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Matfley (1926) orfigfinaflfly assfigned the Tertfiary strata of the Cayman Isflands to the Bfluff 

Lfimestone.  Jones et afl. (1994a, 1994b) subsequentfly renamed the successfion as the Bfluff 

Group wfith the constfituent formatfions befing the unconformfity bounded Brac Formatfion (Lower 

Oflfigocene), Cayman Formatfion (Mfiddfle Mfiocene), and Pedro Castfle Formatfion (Pflfiocene).  The 

Ironshore Formatfion (Pflefistocene) unconformabfly overflfies the Bfluff Group (Ffig. 2-2).   The 

Brac Formatfion, exposed onfly on Cayman Brac, fis formed of flfimestones that are flocaflfly repflaced 

by coarsefly crystaflflfine, fabrfic-destructfive doflomfite (Jones and Hunter, 1994a; Uzeflman, 2009; 

Zhao and Jones, 2012b).  The bfiocflastfic wackestones to grafinstones fincfluded numerous flarge 

Lepfidocycflfina aflong wfith fewer smaflfl foramfinfifera, red aflgae, echfinofid pflates, gastropods, and 

bfivaflves but onfly scattered corafls (Porfites).  Jones and Hunter (1994a) suggested that these facfies 

devefloped fin flow to moderate energy condfitfions on a shaflflow carbonate bank.  The Cayman 

Formatfion fis formed flargefly of finefly crystaflflfine, fabrfic retentfive doflostones (Jones, 1994).  On 

the east centrafl part of Grand Cayman, however, flfimestones and doflomfitfic flfimestones domfinate 

the successfion.  The mudstones to grafinstones fin thfis formatfion fincfludes numerous hemfispherficafl 

and branchfing corafls, bfivaflves, gastropods, red aflgae, foramfinfifera, Haflfimeda, and rhodoflfiths 

(Jones, 1994; Jones and Hunter, 1994a; Wfignaflfl, 1995; Der, 2012).  The Pedro Castfle Formatfion 

fis formed of flfimestones and finefly crystaflflfine, fabrfic-retentfive doflostones and fincfludes facfies 

flfike those fin the Cayman Formatfion (Jones, 1994; Jones and Hunter, 1994a; Wfignaflfl, 1995; Arts, 

2000; MacNefifl, 2001).  The sedfiments that now form the Cayman Formatfion and Pedro Castfle 

Formatfion accumuflated fin flow to moderate energy condfitfions on a bank fin water that was 0 

to 30 m deep (Jones and Hunter, 1994a).  Aflthough corafls are common fin both formatfions, no 

reefs have been found.  The Ironshore Formatfion fis formed of flfimestones that contafin numerous, 

weflfl-preserved corafls, bfivaflves, and gastropods and formed fin shaflflow water condfitfions (Jones, 

1994; Coyne, 2003; Vézfina, 1997; Vézfina et afl., 1999).  Reefs are present fin the Ironshore 

Formatfion.  Doflomfitfizatfion of the Bfluff Group, whfich finvoflved two and possfibfly three phases 

of doflomfitfizatfion that took pflace durfing the Late Mfiocene, Late Pflfiocene, and possfibfly the earfly 

Pflefistocene, was medfiated by normafl seawater-flfike flufids under near surface condfitfions (Jones 
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and Luth, 2003; MacNefifl and Jones, 2003; Zhao and Jones, 2012a, 2012b).    

4. Unconformfitfies

The flack of an accepted conventfion for the flabeflfing and/or namfing unconformfitfies 

Ffig. 2-2. Stratfigraphfic successfion of the Cayman Isflands (modfified from Jones, 1994) showfing 

flfithoflogy and domfinant bfiota of each unfit. 
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hfinders the dfiscussfion of successfions, flfike that on the Cayman Isflands, that fincfludes numerous 

unconformfitfies.  Conceptuaflfly, unconformfitfies fin the Tertfiary successfion of the Cayman Isflands 

can be named accordfing to varfious protocofls as foflflows, each of whfich has fits own advantages 

and dfisadvantages.  

1) Named accordfing to the formatfion that they cap.  The Cayman Unconformfity was 

orfigfinaflfly named because fit deflfineated the upper boundary of the Cayman Formatfion and 

separated fit from the overflyfing Pedro Castfle Formatfion (Jones and Hunter, 1994b).  Thfis 

approach, however, masks sfituatfions where the unconformfity has experfienced mufltfipfle phases of 

erosfion.  On many parts of the Cayman Isflands, for exampfle, the Cayman Formatfion fis overflafin 

by flfimestones of the Ironshore Formatfion or fis exposed at the surface where fit fis befing actfivefly 

weathered today.  

2) Named accordfing to thefir tfime of formatfion.  Aflthough thfis approach fis perhaps the most 

finformatfive from a tfime perspectfive, fit fis dfifficuflt to use fin practfice because fit reflfies on accurate 

knowfledge of the age of each formatfion and the evoflutfion of the successfion.  On the Cayman 

Isflands, thfis fissue fis compounded by the dfifficuflty fin precfisefly datfing the formatfions and that the 

unconformfitfies are tfime transgressfive.

3) Named accordfing to the formatfions beflow and above the unconformfity.  Thfis fis the 

easfiest approach because fit reflects the formatfions found beflow and above an unconformfity at a 

partficuflar flocaflfity.  Thfis approach aflso provfides finferences regardfing the mfinfimum flength of tfime 

represented by the unconformfity at a partficuflar flocaflfity.  

Herefin, an unconformfity at a partficuflar flocaflfity fis named accordfing to optfion 3.  For 

exampfle, the Brac-Cayman Unconformfity (B-C Unconformfity) separates the Brac Formatfion 

from the overflyfing Cayman Formatfion, whereas the Cayman-Pedro Castfle Unconformfity (C-P 

Unconformfity) fis the boundary between the Cayman Formatfion and the Pedro Castfle Formatfion.  

Sfimfiflarfly, the Pedro Castfle-Ironshore Unconformfity (P-I Unconformfity) fis the unconformfity 

separatfing the Pedro Castfle Formatfion from the overflyfing Ironshore Formatfion.  In contrast, the 

Cayman-Ironshore Unconformfity (C-I Unconformfity) woufld appfly fif the Ironshore Formatfion 
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flfies on top of the Cayman Formatfion.  On Grand Cayman and Cayman Brac, the Cenozofic  

formatfions are commonfly exposed at the surface and are therefore befing actfivefly weathered today 

and hence represent an unconformfity that fis stfiflfl deveflopfing.  These boundarfies are desfignated 

by the name of the exposed formatfion and the fletter W (for weatherfing) – for exampfle, the C-W 

Unconformfity findficates that the Cayman Formatfion fis exposed at the surface.

5. Topographfies of Grand Cayman and Cayman Brac

5.1. Grand Cayman 

Today, most of Grand Cayman fis fless than 3 m asfl wfith no surface rfivers or streams (Ffig. 

2-3).  North Sound on the western part of the fisfland fis a flarge flagoon that fis surrounded by flow-

Ffig. 2-3. Topography of Grand Cayman based on dfigfitafl eflevatfion modeflfing. The topographfic 

transects (A-A’, B-B’, C-C’, D-D’ and E-E’) show changes fin eflevatfion through Grand 

Cayman. Red squares flabefl the flocatfions of Ffigures 2-6, 2-7, 2-8, 2-9 on Grand Cayman.
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Ffig. 2-4. Topography of Cayman Brac based on Dfigfitafl Eflevatfion Modeflfing. The topographfic 

transects (F-F’, G-G’, H-H’, and I-I’) show changes fin eflevatfion through Cayman Brac. Red 

squares flabefl the flocatfions of Ffigures 2-10, 2-11 on Cayman Brac.

 

 

 

 

flyfing fland (0-1.2 m asfl) and mangrove swamps.  The hfighest fland fis found on the Mountafin that 

rfises up to 22 m asfl, and the area around Pedro Castfle where the fland fis up to 16.7 m asfl (Ffig. 2-3).  

A perfipherafl rfidge (Jones and Hunter, 1994b), whfich rfises up to 13.5 m asfl, fis the most domfinant 

topographfic feature on the eastern part of the fisfland (Ffig. 2-3). The finterfior regfions over the 

eastern part of the fisfland, whfich are flower than the perfipherafl rfidge, are no more than 4.5 m asfl 

(Ffig. 2-3).  

5.2. Cayman Brac

Cayman Brac fis characterfized by a centrafl eflevated core that fis up to 46 m asfl, whfich fis 

surrounded by a narrow, flow-flyfing pflatform that fis typficaflfly 1-2 m asfl (Ffig. 2-4).  There are no 

surface rfivers or streams on thfis fisfland.  The surface of the core graduaflfly rfises from sea flevefl 
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at fits western end to 46 m asfl at fits eastern end (Ffig. 2-4), whfich fis characterfized by vertficafl to 

overhangfing cflfiffs.  Aflong the NW-SE axfis of the core, the finterfior surface fis 5 to 15 m flower 

than the perfipherafl edges of the core. 

6. Surface geoflogy of Grand Cayman and Cayman Brac

6.1. Grand Cayman

On Grand Cayman, there are surface exposures of the Cayman Formatfion, the Pedro Castfle 

Formatfion, and the Ironshore Formatfion.  Evfident on the much of the eastern haflf of Grand 

Cayman, the eflevated rfidge fin the southwest corner, and at Heflfl (Ffig. 2-5A), the exposed Cayman 

Formatfion fis characterfized by rugged surface topography, wfith abundant pfits, pfinnacfles, hofles 

and phytokarst (Matfley, 1926; Foflk et afl., 1973; Jones, 1989, 1994).  In contrast, the exposed 

Pedro Castfle Formatfion wfith fits subdued topography, fis flargefly confined to the area around Pedro 

Castfle (Jones, 1994; Arts, 2000), whereas the exposed Ironshore Formatfion fis restrficted to the 

flow-flyfing areas around North Sound and aflong the eastern coast of Grand Cayman.  

6.2. Cayman Brac

On Cayman Brac, the upflfifted core of the fisfland fis formed of flfimestones and doflostones 

of the Bfluff Group.  Aflthough the Brac Formatfion fis exposed fin the flower parts of the cflfiff faces 

at the east end of the fisfland, the upper surface of the Brac Formatfion fis not exposed to modern 

weatherfing.  The Cayman Formatfion fis exposed over most of the fisfland, whereas the exposed 

Pedro Castfle Formatfion fis restrficted to the west end of the fisfland and the Mound (Ffig. 2-5B).  

The Ironshore Formatfion fis exposed on the flow-flyfing pflatform that frfinges the upflfifted core (Ffig. 

2-5B).

7. Unconformfitfies fin the Tertfiary-Pflefistocene successfion

7.1. Crfiterfia for Dfistfingufishfing Each Unconformfity

The Brac Formatfion, the Cayman Formatfion, the Pedro Castfle Formatfion, and the 

Ironshore Formatfion are separated from each other by unconformfitfies.  The recognfitfion of 
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each unconformfity fis based on comparfison of features fin the formatfions beflow and above each 

unconformfity.

7.1.1. Brac-Cayman (B-C) Unconformfity

Thfis unconformfity devefloped on top of the Brac Formatfion durfing the Late Oflfigocene 

(Chattfian) and Earfly Mfiocene and represents a perfiod of about 15 mfiflflfion years (Jones and 

Hunter, 1994a; Jones et afl., 1994a; Uzeflman, 2009).  Evfident fin the cflfiff faces on the east end of 

Cayman Brac (Jones, 1994; Jones and Hunter, 1994a; Jones et afl., 1994a; Uzeflman, 2009; Zhao 

and Jones, 2012b), thfis unconformfity fis defined by the foflflowfing crfiterfia. 

1) The Brac Formatfion fis formed of flfimestones and coarsefly crystaflflfine, fabrfic-destructfive 

Ffig. 2-5. Surface geoflogy on (A) Grand Cayman, and (B) Cayman Brac (modfified from Jones, 

1994).
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and sucrosfic doflostones whereas the overflyfing Cayman Formatfion fis formed of finefly crystaflflfine, 

fabrfic-retentfive doflostones (Jones and Hunter, 1994a; Jones et afl., 1994a; Uzeflman, 2009; Zhao 

and Jones, 2012b).  

2) Lfimestones and doflostones fin the upper part of the Brac Formatfion contafin numerous 

flarge Lepfidocycflfina, but onfly scattered corafls and bfivaflves.  In contrast, doflostones fin the 

overflyfing Cayman Formatfion contafin a bfiota domfinated by corafls, bfivaflves, and gastropods 

(Jones, 1994; Jones and Hunter, 1994a; Jones et afl., 1994a).

3) The permeabfiflfity contrast between the Brac Formatfion and Cayman Formatfion fis 

hfighflfighted by (a) evfidence of an ofld sprfing that used to emanate from the B-C Unconformfity 

(Uzeflman, 2009; Zhao and Jones, 2012b), and (b) caves, fincfludfing Great Cave, fin the upper part 

of the Brac Formatfion wfith flat roofs that cofincfide wfith the B-C Unconformfity (Jones et afl., 

1994a; Uzeflman, 2009; Zhao and Jones, 2012b). 

4) At some flocaflfitfies borfings have thefir apertures at the B-C unconformfity (Jones and 

Hunter, 1994a; Jones et afl., 1994a; Uzeflman, 2009).

Appflficatfion of these crfiterfia on Grand Cayman fis dfifficuflt because the Brac Formatfion 

and the B-C Unconformfity are not exposed.  Thfis probflem fis exacerbated because (1) thfis 

unconformfity has not yet been found fin any core, and (2) Lepfidocycflfina has not yet been 

found fin any sampfle from Grand Cayman.  Thus, fidentfificatfion of the B-C Unconformfity on 

Grand Cayman must refly on sfignfificant changes fin flfithoflogy, textures, and/or age of the strata 

as findficated by thefir 87Sr/86Sr ratfios.  In thfis study, the B-C Unconformfity on Grand Cayman fis 

flocated accordfing to the foflflowfing crfiterfia.

1) Lfithoflogficafl change fis a dfifficuflt crfiterfion to appfly because the Cayman Formatfion on 

Grand Cayman fis now known to be formed of flfimestones and doflostones (Der, 2012), whereas on 

Cayman Brac fit fis formed entfirefly of doflostones.  Neverthefless, a sudden downhofle flfithoflogficafl 

change from doflostones to flfimestones, evfident fin most of the deep weflfls (> 100 m), fis taken as a 

possfibfle findficator of the B-C Unconformfity.  

2) Doflostones fin the Brac Formatfion are characterfized by fabrfic-destructfive textures, 
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whereas those fin the Cayman Formatfion exhfibfit fabrfic-retentfive fabrfics (Jones and Hunter, 

1994a; Jones et afl., 1994a; Uzeflman, 2009; Zhao and Jones, 2012a, 2012b). 

3) Datfing of these strata generaflfly reflfies on 87Sr/86Sr ratfios because the fossfifls are typficaflfly 

not age-dfiagnostfic.  On Cayman Brac, the flfimestones and doflostones from the Brac Formatfion 

are characterfized by average 87Sr/86Sr ratfios of 0.70808-0.708189 and 0.708939-0.70900, 

respectfivefly (Jones et afl., 1994a; Jones and Luth, 2003).  Sfimfiflar vaflues have been obtafined 

on Grand Cayman.  The doflostones from the Brac Formatfion fin LV#2, for exampfle, yfieflded 

87Sr/86Sr ratfios of 0.70895 (Jones and Luth, 2003), whfich are sfignfificantfly flower than the ratfio 

fin the basafl beds of the Cayman Formatfion (0.70907-0.70911) (Jones and Luth, 2003).  Thus, 

the B-C Unconformfity can be estabflfished by the contrasts fin the 87Sr/86Sr ratfios.  Cautfion must 

be used, however, because fit now appears that the strata fimmedfiate beflow and above the B-C 

Unconformfity fin some areas were doflomfitfized by the same phase of doflomfitfizatfion that occurred 

durfing the Late Mfiocene (Jones and Luth, 2003; Uzeflman, 2009; Zhao and Jones, 2012b).

7.1.2. The Cayman-Pedro Castfle (C-P) Unconformfity

Thfis unconformfity, whfich separates the Cayman Formatfion from the overflyfing Pedro Castfle 

Formatfion, formed durfing the Messfinfian and represents a perfiod of 1.5 mfiflflfion years (Jones and 

Hunter, 1994b).  Evfident on the western haflf of Grand Cayman and the western end of Cayman 

Brac, recognfitfion of the C-P Unconformfity depends on the foflflowfing crfiterfia.

1) The Cayman Formatfion fis formed flargefly of fabrfic-retentfive, finefly crystaflflfine 

doflostones, whereas the Pedro Castfle Formatfion fis formed of fintercaflated flfimestone and 

doflostones (Jones, 1994; Jones and Hunter, 1994b; Jones et afl., 1994a, 1994b; Arts, 2000).  

Thfis crfiterfion, however, must be used wfith cautfion because (a) fin some areas, the basafl part of 

the Pedro Castfle Formatfion fis formed of doflostones that are sfimfiflar to those fin the underflyfing 

Cayman Formatfion (Jones and Hunter, 1989, 1994a; Jones, 1994; Jones et afl., 1994a, 1994b), 

and (b) the Cayman Formatfion found fin the finterfior of the east end of Grand Cayman fis formed 

of flfimestone and doflomfitfic flfimestone (Der, 2012).

2) Doflostones fin the Cayman Formatfion are generaflfly massfive and hard, whereas the 
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doflostones and flfimestones fin the basafl part of the overflyfing Pedro Castfle Formatfion are typficaflfly 

poorfly cemented and reflatfivefly soft (Jones and Hunter, 1989, 1994b; Jones, 1994; Jones et afl., 

1994a; Wfignaflfl, 1995; Arts, 2000; MacNefifl, 2001).  Thfis change fis evfident durfing drfiflflfing.  The 

percent of core recovery and the average drfiflflfing tfime, for exampfle, fincrease dramatficaflfly when 

the drfiflflfing crosses the C-P Unconformfity (Jones, 1994; Jones and Hunter, 1994b; Jones et afl., 

1994b; Wfignaflfl, 1995; Etherfington, 2004).  

3) Aflthough the fossfifls fin the Cayman Formatfion and the Pedro Castfle Formatfion are 

generaflfly sfimfiflar (Jones, 1994; Jones et afl., 1994a, 1994b), mfinor dfifferences fin thefir corafl faunas 

can heflp fin the deflfineatfion of the unconformfity.  The Cayman Formatfion commonfly contafins 

coflonfiafl corafls but few free-flfivfing corafls, whereas the Pedro Castfle Formatfion commonfly 

contafins numerous flarge free-flfivfing corafls but few coflonfiafl corafls (Jones and Hunter, 1989; 

Jones, 1994; Jones et afl., 1994a, 1994b).

4) Cavfitfies fin the uppermost part of the Cayman Formatfion typficaflfly contafin fisopachous 

flfimpfid doflomfite and caflcfite cements (Jones and Hunter, 1989, 1994a, 1994b; Jones et afl., 1994a, 

1994b).  In contrast, cavfitfies fin the Pedro Castfle Formatfion rarefly contafin flfimpfid doflomfite (Jones 

and Hunter, 1989, 1994a, 1994b; Jones et afl., 1994a, 1994b).

5) Cavfitfies fin the Cayman Formatfion commonfly contafin varfious finternafl sedfiments, 

fincfludfing caymanfite and coarse skefletafl doflostones (Jones and Hunter, 1989; Jones, 1992a, 

1994).  In contrast, finternafl sedfiments are rare fin the cavfitfies fin the Pedro Castfle Formatfion (Jones 

and Hunter, 1989; Jones, 1992a, 1994).

6) In some outcrops, flfike those fin the Pedro Castfle area, the C-P Unconformfity fis weflfl 

exposed wfith an firreguflar surface (Jones and Hunter, 1994b).  The apertures of sponge, bfivaflve 

and worm borfings are common on the unconformfity (Jones and Hunter, 1989, 1994b; Jones, 

1992b; Jones et afl., 1994a, 1994b; Wfignaflfl, 1995).  

7) On Grand Cayman and Cayman Brac, flarge caves and sfinkhofles are devefloped fin the 

Cayman Formatfion beflow the C-P Unconformfity, whereas they are rare fin the Pedro Castfle 

Formatfion (Jones and Hunter, 1989, 1994a; Jones, 1992b).  
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7.1.3. Pedro Castfle-Ironshore (P-I) Unconformfity

The unconformfity between the Pedro Castfle Formatfion and the overflyfing Ironshore 

Formatfion probabfly devefloped durfing the Mfiddfle and Late Pflfiocene (Wfignaflfl, 1995).  Aflthough 

common fin the subsurface on the western haflf of Grand Cayman and the western end of Cayman 

Brac, the P-I Unconformfity has never been found fin exposed surface outcrops (Jones, 1994).  

Recognfitfion of thfis unconformfity fin the subsurface fis generaflfly based on the foflflowfing crfiterfia. 

1) The Pedro Castfle Formatfion fis formed of hard, weflfl-flfithfified doflostones and flfimestones, 

whereas the overflyfing Ironshore Formatfion fis formed of soft, frfiabfle flfimestones (Jones, 1994; 

Jones et afl., 1994b; Wfignaflfl, 1995; Vézfina, 1997; Coyne, 2003; Etherfington, 2004).

2) Fossfifls fin the Pedro Castfle Formatfion have been extensfivefly fleached and/or repflaced 

by doflomfite (Jones, 1994; Jones and Hunter, 1994a; Jones et afl., 1994a, 1994b), whereas fossfifls 

fin the Ironshore Formatfion are very weflfl preserved (Cerrfidwen, 1989; Hunter and Jones, 1990; 

Jones, 1990, 1994; Jones and Hunter, 1990; Cerrfidwen and Jones, 1991).  

7.1.4. Brac-Ironshore (B-I) Unconformfity and Cayman-Ironshore (C-I) Unconformfity

In some areas, the Ironshore Formatfion rests dfirectfly on the Brac Formatfion or the Cayman 

Formatfion.  On the east end of Cayman Brac, for exampfle, the Ironshore Formatfion found 

on the coastafl pflatform sfits on top of the Brac Formatfion.  Thfis sfituatfion arose because pre-

Pflefistocene coastafl marfine erosfion fin that area removed the Cayman Formatfion and the upper 

part of the Brac Formatfion.  In the coastafl areas fin the mfiddfle and the western parts of Cayman 

Brac and the east end of Grand Cayman, the Ironshore Formatfion rests dfirectfly on the Cayman 

Formatfion.  In those areas, marfine erosfion durfing and/or after Pflfiocene fled to the removafl of 

the Pedro Castfle Formatfion and the upper part of the Cayman Formatfion.  In these sfituatfions, 

the B-I and C-I unconformfitfies are easfifly fidentfified because of the contrast between the poorfly 

flfithfified flfimestones of the Ironshore Formatfion and the hard, weflfl-flfithfified rocks of the Cayman 

Formatfion and the Brac Formatfion.
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7.2. Topographfic Compflexfity of Each Unconformfity

The totafl reflfief on any of the unconformfitfies fin the successfions on the Cayman Isflands 

(Ffigs. 2-6, 2-7, 2-8, 2-9, 2-10, 2-11, 2-12) fis the dfifference between the maxfimum and mfinfimum 

eflevatfions that fincfludes varfious combfinatfions of “karst reflfief”, “marfine erosfion reflfief”, and/

or “tectonfic reflfief”.  Herefin, “karst reflfief” fis the maxfimum dfifference fin eflevatfion produced 

by erosfion as a resuflt of subaerfiafl exposure and karstfificatfion, whereas “marfine erosfion reflfief” 

Ffig. 2-6. Stratfigraphfic reflatfionshfips between the Cayman Formatfion, Pedro Castfle Formatfion and 

Ironshore Formatfion aflong the Safe Haven Transect on Grand Cayman. (A) Surface map of 

Safe Haven area showfing flocatfions of weflfls and the Safe Haven Transect; (B) Cross sectfion 

aflong the Safe Haven Transect (modfified from Jones and Hunter, 1994b).
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refers to the reflfief produced by coastafl erosfion.  “Tectonfic reflfief” fis the maxfimum dfifference fin 

eflevatfion produced by tectonfic dfispflacement. 

7.2.1. B-C Unconformfity

On Grand Cayman, onfly efight weflfls penetrated the Brac Formatfion.  NSC#1/2/3 on the 

east end of Grand Cayman (Ffig. 2-8), for exampfle, encounters the B-C Unconformfity at ~140 

m beflow sea flevefl (bsfl), whereas fin LV#2 near Pedro Castfle fit fis ~122 m (bsfl) (Ffig. 2-7).  Weflfls 

Ffig. 2-7. Stratfigraphfic reflatfionshfips between the Brac Formatfion, Cayman Formatfion, Pedro 

Castfle Formatfion and Ironshore Formatfion aflong the Lower Vaflfley Transect on Grand 

Cayman. (A) Surface map of Lower Vaflfley area showfing flocatfions of weflfls and the Lower 

Vaflfley Transect; (B) Cross sectfion aflong the Lower Vaflfley Transect (modfified from Jones 

and Hunter, 1994b).
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(CUC#1-4, GTH#1 and SHT#4) on the west part of Grand Cayman generaflfly penetrate thfis 

unconformfity at 100-115 m bsfl.  Data from these weflfls findficate that the karst reflfief on thfis 

unconformfity fis at fleast 40 m (Ffig. 2-13).

On Cayman Brac, the B-C Unconformfity dfips to the west at ~0.5º (Jones, 1994; Jones and 

Hunter, 1994a; Jones et afl., 1994a; Uzeflman, 2009), wfith the hfighest pofint at the east end of the 

fisfland at 33 m asfl (Ffig. 2-12).  Gfiven that the Brac Formatfion had stfiflfl not been flocated fin weflfl 

Ffig. 2-8. Stratfigraphfic reflatfionshfips between the Cayman Formatfion and Ironshore Formatfion 

aflong the South Centrafl Coast Transect on Grand Cayman. (A) Surface map of south centrafl 

coast showfing flocatfions of weflfls and the South Centrafl Coast Transect; (B) Cross sectfion 

aflong the South Centrafl Coast Transect.
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SQW#1 when fit was termfinated at 50 m bsfl (Ffig. 2-12), the totafl reflfief of the B-C Unconformfity 

must be > 83 m (Ffig. 2-13).  Karst reflfief on thfis unconformfity, evfident onfly on the east end of 

Cayman Brac, fis at fleast 25 m.  

7.2.2. C-P Unconformfity

Karst reflfief of thfis unconformfity on Grand Cayman fis at fleast 62 m (Jones and Hunter, 

Ffig. 2-9. Stratfigraphfic reflatfionshfips between the Cayman Formatfion and Ironshore Formatfion 

aflong the Roger’s Wreck Pofint Transect on Grand Cayman. (A) Surface map of Roger’s 

Wreck Pofint showfing flocatfions of weflfls and the Roger’s Wreck Pofint Transect; (B) Cross 

sectfion aflong the Roger’s Wreck Pofint Transect (modfified from Vézfina, 1997).
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1994b), determfined from the comparfison between the sfinkhofle QHW#2 (40 m bsfl) and the C-W 

Unconformfity exposed at The Mountafin, whfich rfises to 22 m asfl (Ffig. 2-13).  On the western 

haflf of Grand Cayman, thfis unconformfity fis 10 to 30 m bsfl wfith a sflope of 0.6-1.4° towards 

North Sound (Ffigs. 2-6, 2-7, 2-14).  In contrast, the Pedro Castfle Formatfion on the eastern haflf of 

Grand Cayman fis mfissfing and the Cayman Formatfion fis efither exposed at the surface or overflafin 

by the Ironshore Formatfion (Ffigs. 2-8, 2-14).  In the finterfior of the eastern part of the fisfland, the 

upper surface of the Cayman Formatfion fis 0 to 4.5 m asfl and therefore hfigher than on the western 

part of the fisfland (Ffigs. 2-8, 2-14).  Aflong the coasts, however, the perfipherafl rfims, formed of the 

Ffig. 2-10. Stratfigraphfic reflatfionshfips between the Cayman Formatfion, Pedro Castfle Formatfion 

and Ironshore Formatfion aflong the West End Transect on Cayman Brac. (A) Surface map 

of the west end of Cayman Brac showfing flocatfions of weflfls and the West End Transect; (B) 

Cross sectfion aflong the West End Transect.
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Cayman Formatfion, rfise up to 13.5 m asfl (Ffigs. 2-3, 2-8, 2-9).

On Cayman Brac, the totafl reflfief on the C-P Unconformfity fis at fleast 62 m, determfined 

from the comparfison between the C-W Unconformfity on the east end (33-46 m asfl) and the C-P 

Unconformfity fin weflfl BW#1 (~16 m bfls) (Ffigs. 2-12, 2-13).  The C-W Unconformfity exposed 

on most of the upflfifted core, dfips westward, wfith the deveflopment of perfipherafl rfims (Ffigs. 2-4, 

Ffig. 2-11. Stratfigraphfic reflatfionshfips between the Cayman Formatfion, Pedro Castfle Formatfion, 

and Ironshore Formatfion aflong the East End Transect on Cayman Brac. (A) Surface map 

of the east end of Cayman Brac showfing flocatfions of weflfls and the East End Transect; (B) 

Cross sectfion aflong the East End Transect (modfified from Uzeflman, 2009).
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2-12, 2-15).  On the west end, the Cayman Formatfion fis overflafin by the Pedro Castfle Formatfion, 

wfith the C-P Unconformfity graduaflfly deepenfing westward (Ffigs. 2-12, 2-15).  Karst reflfief of the 

C-P Unconformfity fis dfifficuflt to determfine because mufltfipfle phases of subaerfiafl erosfion have 

modfified that unconformfity.  

7.2.3. P-I Unconformfity

On Grand Cayman, the P-I Unconformfity on the western part of the fisfland fis a subdued 

Ffig. 2-12. Stratfigraphfic reflatfionshfips between the Brac Formatfion, Cayman Formatfion, Pedro 

Castfle Formatfion, and Ironshore Formatfion aflong the East-West Transect on Cayman Brac. 

(A) Surface map of the upflfifted core on Cayman Brac showfing flocatfions of weflfls and the 

East-West Transect; (B) Cross sectfion aflong the East-West Transect (modfified from Jones, 

2005).
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surface (Ffigs. 2-6, 2-7, 2-14).  A karst reflfief of 29 m on the top surface of the Pedro Castfle 

Formatfion comes from the comparfison between the P-W Unconformfity exposed fin the Pedro 

Castfle area (17 m asfl) and the P-I Unconformfity fin weflfl CUC#3 (12 m bsfl) (Ffig. 2-13). 

On Cayman Brac, the P-W Unconformfity, whfich fis up to 9.1 m asfl, fis repflaced by the 

P-I Unconformfity that dfips westward to ~12 m bsfl fin weflfl CAB#2 (Ffigs. 2-10, 2-12).  Thfis 

comparfison findficates that the totafl reflfief on the top of the Pedro Castfle Formatfion fis at fleast 20 m 

(Ffig. 2-13).  Data from weflfls CAB#2 and CAB#3, on the west end of the fisfland, findficate that the 

karst reflfief on thfis unconformfity fis > 7 m (Ffig. 2-13).

Ffig. 2-13. Schematfic dfiagram showfing the totafl reflfief (bflack flfines) and karst reflfief (green flfines) 

on the B-C Unconformfity, C-P Unconformfity and upper surface of the Pedro Castfle (PC) 

Formatfion on Grand Cayman and Cayman Brac.
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7.2.4. B-I Unconformfity and C-I Unconformfity

On the northeast corner of Grand Cayman, the Ironshore Formatfion rests on top of a ~350 

m wfide shore pflatform that was cut finto the Cayman Formatfion by marfine erosfion (Ffig. 2-9).  

There, the C-I Unconformfity deepens seaward from ~1 m asfl to ~18 m bsfl, wfith a sflope of ~3.5º  

(Ffig. 2-9).  Thus, the marfine erosfion reflfief on the C-I Unconformfity fis at fleast 17 m.

On the east end of Cayman Brac the B-I Unconformfity fis 0.9 m bsfl to 21 m bsfl (Ffig. 

 

 

Ffig. 2-14. Sketch dfiagram showfing the topography on the C-P (or C-W) Unconformfity and P-I (or 

P-W) Unconformfity on Grand Cayman. The vfiew fis from a north dfirectfion. (A) Conceptuafl 

modefl showfing the topography on the C-P (or C-W) Unconformfity; (B) Conceptuafl modefl 

showfing the topography on the P-I (or P-W) Unconformfity. 
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Ffig. 2-15. Sketch dfiagram showfing the topography on the C-P (or C-W) Unconformfity and P-I (or 

P-W) Unconformfity on the upflfifted core of Cayman Brac. The vfiew fis from West End to East 

End. (A) Conceptuafl modefl showfing the topography on the C-P (or C-W) Unconformfity; (B) 

Conceptuafl modefl showfing the topography on the P-I (or P-W) Unconformfity.
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2-11).  The marfine reflfief on thfis unconformfity fis at fleast 20 m.  Towards the west, the B-I 

Unconformfity fis repflaced by the C-I Unconformfity (Ffig. 2-10).  The top surface of the Cayman 

Formatfion forms a 300 to 400 m wfide shore pflatform at ~6 bsfl, wfith the varyfing flfittfle on the C-I 

Unconformfity (Ffig. 2-10). 

8. Coastafl erosfion

On carbonate fisflands, coastafl erosfion can take pflace whfifle the exposed parts of the fisfland 

fin the finterfior of the fisfland are undergofing karst deveflopment.  Coastafl erosfion commonfly fleads 

to the deveflopment of wave-cut shore pflatforms (e.g., Stephenson, 2000; Trenhafifle, 2000) wfith 

a cflfiff on fits flandward sfide (Bradfley and Grfiggs, 1976; Lajofie, 1986; Anderson et afl., 1999; 

Speed and Cheng, 2004; Passaro et afl., 2011) that deveflops from the combfined effects of wave 

actfivfity, subaerfiafl weatherfing, and bfioflogficafl actfivfity (Stephenson, 2000).  Evfidence for erosfion 

fincfludes (1) a bevefled pflatform, wfith a seaward sflope of 2-4º (Bflanchon and Jones, 1995; Speed 

and Cheng, 2004; Passaro et afl., 2011; Bowfles and Cowgfiflfl, 2012), (2) truncatfion of underflyfing 

strata so that no posfitfive karst features (e.g., tower karst, pfinnacfles) remafin (Bflanchon and Jones, 

1995; Anderson et afl., 1999; Speed and Cheng, 2004), (3) an unconformfity that separates oflder 

carbonate strata from the overflyfing strata (Speed and Cheng, 2004), (4) a carbonate successfion 

that abuts agafinst a cflfiff face formed of oflder carbonates (Speed and Cheng, 2004), (5) a wave-

cut notch on the cflfiff face (Jones and Hunter, 1990; Bflanchon and Jones, 1995; Johnson, 2001; 

Bflanchon et afl., 2002), (6) the arbfitrary truncatfion of carbonate facfies by the cflfiff face (Speed 

and Cheng, 2004), and (7) the progradatfion of the pflatform cover through tfime, wfith a recedfing 

cflfiff (Anderson et afl., 1999; Vézfina et afl., 1999; Speed and Cheng, 2004).  Constrafinfing the 

tfime of shore pflatform formatfion fis dfifficuflt and usuaflfly reflfies on the constructfionafl features that 

devefloped durfing the next sea-flevefl hfighstand (e.g., Bflanchon and Jones, 1995; Anderson et afl., 

1999; Speed and Cheng, 2004). 

On Grand Cayman and Cayman Brac there fis evfidence for shore pflatforms that were cut 

finto the Cayman Formatfion and Brac Formatfion.  At Rogers Wreck Pofint, for exampfle, a cflfiff 

wfith a wave-cut notch at 6 m asfl marks the flandward flfimfit of a shore pflatform that was cut finto 
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the Cayman Formatfion.  That pflatform now flfies beneath flfimestones of the Ironshore Formatfion, 

whfich thfickens over a dfistance of 350 m, from ~1 m at the foot of the cflfiff face to at fleast 21 

m at the coast (Ffig. 2-9).  Aflthough the same shore pflatform fis evfident on Cayman Brac, there 

are some subtfle but fimportant stratfigraphfic dfifferences assocfiated wfith fit.  On the east end of 

the fisfland, the pflatform was cut finto the Brac Formatfion and the flfimestones of the Ironshore 

Formatfion were deposfited on top of fit (Ffig. 2-11).  In the centrafl and western parts of the fisfland, 

however, the pflatform was cut finto the Cayman Formatfion and the Ironshore Formatfion therefore 

rests on that formatfion (Ffig. 2-10).  These contrasts fin stratfigraphy findficate that Cayman Brac 

must have been upflfifted and tfiflted before the shore pflatform devefloped (Zhao and Jones, 2012a, 

2013).  The correspondence between the shore pflatforms around Grand Cayman and Cayman 

Brac findficates that they devefloped after the Late Pflfiocene (~3.6 Ma) but before deposfitfion of the 

Ironshore Formatfion began about 400 ka.  Sfimfiflar pflatforms, aflso cut finto Pflfiocene flfimestones, 

have been fidentfified around Cave Hfiflfl on Barbados (Speed and Cheng, 2004) and on southern 

Cuba (Rojas-Agramonte et afl., 2005).

9. Dfiscussfion

Grand Cayman and Cayman Brac are two smaflfl fisflands fisoflated by thefir posfitfions fin the 

Carfibbean Sea dfistant from any other fland masses, but subject to tectonfic actfivfity because of thefir 

proxfimfity to the Cayman Spreadfing Centre and the Orfiente Transform Fauflt (Ffig. 2-1).  Gfiven 

that thfis has been the case for at fleast the flast 35 mfiflflfion years, the evoflutfion of the carbonate 

successfions found on these fisflands must reflect eustatfic changes fin sea flevefl and flocafl tectonfic 

actfivfity.  The chaflflenge fis to finterpret the unconformfitfies found fin these successfions so that the 

effects of eustatfic sea flevefl changes can be fisoflated from the tectonfic effects.

 Avafiflabfle evfidence findficates that the fisflands near the Orfiente Transform Fauflt were not 

upflfifted untfifl the Mfiddfle Mfiocene when fauflts perpendficuflar to the Orfiente Transform Fauflt 

started to form (Iturraflde-Vfinent and Macphee, 1999; Iturraflde-Vfinent, 2003, 2006; Rojas-

Agramonte et afl., 2005, 2006; Mann et afl., 2007).  After that, the tectonfic hfistory of Grand 

Cayman and Cayman Brac was dfifferent.  There fis no evfidence of faufltfing, structurafl offset, or 
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fofldfing of Oflfigocene to Pflfiocene strata on Grand Cayman.  Sfimfiflarfly, there fis no cflear evfidence 

of tectonfic tfifltfing on Grand Cayman because (1) the perfipherafl rfidges formed of the Cayman 

Formatfion have a sfimfiflar eflevatfion on the north, east, and south coasts of the fisfland (Ffig. 2-3), (2) 

strata fin the Cayman Formatfion appear to be horfizontafl, and (3) varfiatfions fin the eflevatfion of the 

C-W Unconformfity are finconsfistent wfith tfifltfing of the strata.  In contrast, there fis cflear evfidence 

of tfifltfing on Cayman Brac wfith (1) the B-C Unconformfity befing up to 33 m asfl on the east end of 

the fisfland but > 50 m bsfl on the mfiddfle part of the fisfland, (2) the C-W Unconformfity befing up to 

46 m asfl on the east end of the fisfland but cflose to sea flevefl on the west end of the fisfland, and (3) 

evfidence of westward dfippfing strata fin the Cayman Formatfion (Ffig. 2-12).

It fis possfibfle that Grand Cayman may have experfienced vertficafl tectonfic movements wfith 

flfittfle or no assocfiated tfifltfing.  Recognfitfion of such tectonfic movement fis dfifficuflt because the 

sedfimentoflogfic and stratfigraphfic resuflts woufld be sfimfiflar to those resufltfing from eustatfic sea 

flevefl changes.  The fact that the unconformfitfies found fin the successfion on Grand Cayman can 

be matched wfith known gflobafl flowstands, however, argues agafinst thfis notfion (Jones, 1994; 

Jones and Hunter, 1994b).  Furthermore, regfionafl evfidence findficates that Grand Cayman was not 

dfispflaced by the Late Mfiocene-Pflfiocene transpressfion between the Carfibbean Pflate and the North 

Amerfican Pflate that was responsfibfle for the tfifltfing and sfinfistrafl/dextrafl dfispflacement of other 

fisflands aflong the tectonfic corrfidor assocfiated wfith the Orfiente Transform Fauflt (Iturraflde-Vfinent, 

1998; Rojas-Agramonte et afl., 2005; Mann et afl., 2007).  

It seems probabfle that Cayman Brac began to tfiflt to the west fin the Late Pflfiocene (~3.6 

Ma) (Zhao and Jones, 2012a, 2013).  That upflfift on Cayman Brac ceased no flater than 125 ka fis 

shown by a wave-cut notch at 6 m asfl that formed when sea flevefl was 6 m hfigher than today (Jones 

and Hunter, 1990; Vézfina et afl, 1999).  On Grand Cayman and Cayman Brac, shore pflatforms cut 

finto the Tertfiary flfimestones and doflostones after the Late Pflfiocene (~3.6 Ma) were subsequentfly 

covered by Pflefistocene flfimestones (Ffigs. 2-9, 2-10, 2-11).  Such reflatfionshfips findficate that the 

fisflands have probabfly been tectonficaflfly stabfle sfince deposfitfion of the Ironshore Formatfion began 

no flater than 400 ka.
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Avafiflabfle evfidence findficates that the B-C Unconformfity on these two fisflands devefloped 

durfing the flowstand that foflflowed a eustatfic drop fin sea flevefl of 30 to 75 m that took pflace fin the 

Late Oflfigocene-Earfly Mfiocene (Pekar and Mfiflfler, 1996; Komfinz et afl., 1998; Mfiflfler et afl. 1998, 

2005; Van Sfickefl et afl., 2004).  The B-C Unconformfity, wfith a karst reflfief of at fleast 40 m on 

Grand Cayman, fis a manfifestatfion of that drop of sea flevefl.  Aflthough the totafl reflfief on the B-C 

Unconformfity on Cayman Brac fis dfifficuflt to ascertafin wfith certafinty, fit must be more than 83 m 

(Ffig. 2-12).  Today, the B-C Unconformfity on Grand Cayman fis 100-140 m bsfl, whereas fit fis up 

to 33 m asfl on the east end of Cayman Brac.  Thus, the dfifference of eflevatfions between the B-C 

Unconformfity on Grand Cayman and the east end of Cayman Brac fis 133-173 m.  Gfiven that 

upflfift took pflace between 3.6 Ma to 0.4 Ma, the rate of upflfift on the east end of Cayman Brac 

was 0.04 to 0.05 mm/year.  Thfis rate fis much sflower than that for other Carfibbean Isflands.  Pflfio-

Pflefistocene terraces fin the Rfio Maya Formatfion on south Cuba, upflfifted up to 200 m asfl, rose 

at 4 mm/year on the centrafl and western parts and 12-15 mm/year on the eastern part of Cuba 

(Iturraflde-Vfinent, 2003; Rojas-Agramonte et afl., 2005), respectfivefly.  The mean upflfift rate on 

Barbados between the Mfiddfle Eocene and 500 ka was 0.12-0.22 mm/year (Jones, 2009), and 

fincreased to 0.44 to 0.53 mm/year over the flast 500 ka (Speed and Cheng, 2004; Radtke and 

Scheflflmann, 2006).  It seems, therefore, that upflfift on Cayman Brac was not as rapfid as for other 

Carfibbean fisflands, or that the duratfion of upflfift on Cayman Brac has been overestfimated.  

The B-C Unconformfity at the west end of Cayman Brac fis probabfly ~120 m bfls, whfich 

fis sfimfiflar to the depths where fit fis found on Grand Cayman (Ffig. 2-13).  Sfimfiflarfly, the C-P 

Unconformfity and the P-I Unconformfity on Grand Cayman are at sfimfiflar eflevatfions to those on 

the west end of Cayman Brac (Ffig. 2-13).  Thfis suggests that the axfis of rotatfion for the upflfift of 

Cayman Brac was cflose to the west end of the fisfland.   

The drop fin sea flevefl durfing the Messfinfian (termfinafl Mfiocene), estfimated to be from 30 

to 180 m (Pfigram et afl., 1992; Aharon et afl., 1993; Zhang and Scott, 1996; Hodeflfl et afl., 2001; 

Bflanc-Vaflfleron et afl., 2002; Rouchy and Caruso, 2006), took pflace between 0.6 and 0.8 Ma 

(Hodeflfl et afl., 2001; Rouchy and Caruso, 2006; Jfiménez-Moreno et afl., 2013).  Thfis flowstand 
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fled to the deveflopment of the C-P Unconformfity that has a karst reflfief of at fleast 62 m on Grand 

Cayman (Ffig. 2-13).  Thfis must be regarded as a mfinfimum estfimate because much of the upper 

part of the Cayman Formatfion has been flost by subaerfiafl erosfion that fis stfiflfl ongofing today.  On 

Grand Cayman, the Cayman Formatfion fis at fleast 144 m thfick.  On Cayman Brac, the Cayman 

Formatfion fis 15-20 m thfick on the east end of the fisfland and ~ 62 m thfick on the mfiddfle part of 

the fisfland (Ffig. 2-12).  Assumfing that the Cayman Formatfion on the two fisflands were orfigfinaflfly 

of sfimfiflar thficknesses, thfis means that at fleast 120 m of the formatfion has been removed from the 

east end of the fisfland and at fleast 80 m on the centrafl part of the fisfland.  The wedge-shaped form 

of the Cayman Formatfion on Cayman Brac, wfith taperfing to the east, fis due to the proportfionafl 

reflatfionshfip that exfists because upflfift fincreases the voflume of the bedrock above base flevefl, and 

commonfly finduces fauflts and fractures, whfich serve as avenues of soflutfion (Purdy and Wafltham, 

1999).  

Perfipherafl rfims aflong the margfin of a pflatform or around an fisoflated oceanfic fisfland may be 

a product of karst deveflopment assocfiated wfith subaerfiafl exposure of the pflatform (e.g., Purdy, 

1974; Purdy and Wfinterer, 2001) or reef deveflopment (Schflager, 2003; Schflager and Warrflfich, 

2009a, 2009b; Schflager and Purkfis, 2013).  The unconformfity that caps the Cayman Formatfion 

on Grand Cayman and Cayman Brac has an atoflfl-flfike topography wfith perfipherafl rfims that 

surround a centrafl depressfion.  Wfith ampfle evfidence of dfissoflutfion features but no evfidence 

of reefs fin the perfipherafl rfim on Grand Cayman, Jones and Hunter (1994b) argued fit was best 

expflafined by Purdy’s (1974) modefl, whfich emphasfized the finherfited karstfic orfigfin for thfis type 

of topography.  Supported by flaboratory experfiments, Purdy (1974) proposed the “oversuppfly”, 

“baflanced” and “undersuppfly” modefls for expflafinfing the topographfic features that deveflop on 

flat or fincflfined flfimestone surfaces once they are exposed to the atmosphere.  The modefls are 

based on the baflance between the amount of rafinfaflfl and the rate at whfich the water flows off the 

edges of the flfimestone surfaces.  Wfith the “oversuppfly modefl”, whfich functfions when rafinfaflfl 

exceeds the rate of runoff, dfissoflutfion rates on the finterfior and edges are sfimfiflar, because there 

fis a contfinuous soflutfion fiflm over the entfire surface.  Thfis produces a subdued surface wfith no 
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perfipherafl rfims or soflutfion depressfions fin the centrafl part.  In the “undersuppfly” and “baflanced” 

modefls, rafinfaflfl fis fless than the rate of runoff.  In the “baflanced modefl”, rafinfaflfl mafintafins a 

soflutfion menfiscus over the finterfior part of the carbonate surface, but runoff fis reduced.  As a 

consequence, a soflutfion depressfion wfith a smooth floor deveflops fin the finterfior of the fisfland 

whfifle fleavfing a perfipherafl rfim around the margfins.  Wfith the “undersuppfly modefl”, rafinfaflfl fis too 

flow to mafintafin a contfinuous soflutfion fiflm over the surface and an uneven pattern of dfissoflutfion 

evoflves.  On Grand Cayman, the C-P Unconformfity fis characterfized by an atoflfl-shape depressfion 

that fis surrounded by perfipherafl rfims on the north, west and south margfins (Jones and Hunter, 

1994b).  Thfis topography fis consfistent wfith a sfituatfion that may be transfitfionafl between the 

“baflanced” and “undersuppfly” modefls of Purdy (1974).  

On the eastern part of Grand Cayman, post-Mfiocene erosfion removed the Pedro Castfle 

Formatfion so that the Cayman Formatfion fis now wfidefly exposed.  Today, the C-W Unconformfity 

fis above present sea flevefl, wfith perfipherafl rfims aflong the south, east, and north coasts (Ffigs. 2-3, 

2-14).  Aflthough modfified by post-Mfiocene weatherfing and/or marfine erosfion, those rfims are 

finherfited from the perfipherafl rfim that devefloped durfing the Messfinfian flowstand.  Thfis suggestfion 

fis supported by the fact that the rfims are formed of the Cayman Formatfion wfith no trace of the 

Pedro Castfle Formatfion, and the dfistance between the flandward flfimfit of the perfipherafl rfims and 

coastflfine fis reflatfive constant at ~400 m (Ffig. 2-3). 

Purdy (1974) suggested that the perfipherafl rfim devefloped fin the “baflanced” and 

“undersuppfly” modefls woufld be fintensfified fif the surface of a flfimestone bflock fis fincflfined 

because thfis promotes runoff fin one dfirectfion and thereby prevents dfissoflutfion on the upsflope 

edges of the upflfifted bflock.  Comparfison of the C-W Unconformfity on Cayman Brac and Grand 

Cayman supports thfis suggestfion.  On Cayman Brac, the dfifference fin eflevatfions between the 

perfipherafl rfims and the centrafl depressfion fis up to 15 m on the east end (Ffig. 2-4), whereas 

on Grand Cayman fis no more than 9 m (Ffig. 2-3).  Moreover, the perfipherafl rfim of the C-W 

Unconformfity on Cayman Brac fis more pronounced on the eastern upsflope margfin than on the 

western downsflope margfin (Ffigs. 2-4, 2-10, 2-11, 2-15).  On Grand Cayman, such dfifferences fin 
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the eflevatfion of the perfipherafl rfim are not apparent. 

Sedfiments that now form the Pedro Castfle Formatfion were probabfly deposfited durfing 

the Mfiddfle Pflfiocene hfighstand, whfich was up to 22 m asfl (Dowsett and Cronfin, 1990; Mfiflfler 

et afl., 2005, 2011, 2012; Dwyer and Chandfler, 2009; Sosdfian and Rosenthafl, 2009).  It seems 

probabfle, therefore, that the Pedro Castfle Formatfion once covered much of Grand Cayman and 

Cayman Brac (Zhao and Jones, 2012a, 2013).  Evfidence for thfis suggestfion fincfludes the (1) 

P-W Unconformfity at Pedro Castfle on Grand Cayman that fis up to 16 m asfl, (2) Pedro Castfle 

Formatfion befing preserved fin sfinkhofles on the eastern part of Grand Cayman, and (3) Pedro 

Castfle Formatfion befing found on the Mound on Cayman Brac.  The drop fin sea flevefl to 90 m bsfl 

that occurred fin the Late Pflfiocene (Mfiflfler et afl., 2012) probabfly cofincfided wfith the tectonfic tfifltfing 

of Cayman Brac to the west (Zhao and Jones, 2012b, 2013).  Subaerfiafl erosfion that started durfing 

thfis flowstand fled to the removafl of the Pedro Castfle Formatfion from most of Cayman Brac and 

from the eastern haflf of Grand Cayman, and deveflopment of the P-I Unconformfity and the P-W 

Unconformfity.  

Unconformfitfies fin the Oflfigocene to Pflefistocene successfion on the Cayman Isflands 

devefloped fin response to karst processes and coastafl erosfion that operated durfing sea-

flevefl flowstands.  Wfith flfittfle tectonfic movement on Grand Cayman, such unconformfitfies are 

characterfized by rugged topographfies, whfich partfly reflect the assocfiated flowstand posfitfions.  In 

contrast, due to the upflfift of Cayman Brac between the Late Pflfiocene and ~400 ka, the Oflfigocene 

to Pflfiocene carbonate successfion was tfiflted to the west.  As a resuflt karst processes and coastafl 

erosfion on the upflfifted zone, enhanced by fractures and fauflts, fled to the removafl of much of the 

Pedro Castfle Formatfion and the upper part of the Cayman Formatfion.

10. Concflusfions

The exposed carbonate successfion on Grand Cayman and Cayman Brac fis formed of the Brac 

Formatfion (Lower Oflfigocene), Cayman Formatfion (Mfiddfle Mfiocene), Pedro Castfle Formatfion 

(Mfiddfle Pflfiocene), and Ironshore Formatfion (Pflefistocene).  The deposfitfion of each formatfion was 

termfinated by the drop fin sea flevefl, whfich produced an unconformfity by karst processes and/or 
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by marfine coastafl erosfion. 

Aflthough cflose to each other, Grand Cayman and Cayman Brac have experfienced dfifferent 

tectonfic hfistorfies sfince the Late Pflfiocene, and consequentfly exhfibfit dfifferent stratfigraphfic 

archfitectures. 

1) Grand Cayman has experfienced flfittfle tectonfic movement sfince the Late Oflfigocene, 

whereas Cayman Brac was upflfifted between the Late Pflfiocene (~3.6 Ma) and ~400 ka.  The 

upflfift on the east end of Cayman Brac fis up to 133-173 m, wfith an upflfift rate between 0.04 and 

0.05 mm/year.  The west end of Cayman Brac fis cflose to the rotatfion axfis of the upflfift, wfith flfittfle 

dfispflacement.

2) Wfith flfittfle, fif any, tectonfic movement, unconformfitfies on Grand Cayman are 

characterfized by rugged topographfies.  The Cayman-Pedro Castfle Unconformfity, for exampfle, 

shows a dfish-shape depressfion surrounded by perfipherafl rfims.  The karst reflfief on those 

unconformfitfies reflects the magnfitude of sea-flevefl faflfl.

3) Upflfift on Cayman Brac tfiflted Tertfiary strata and enhanced the surface karst processes.  

The Pedro Castfle Formatfion has been removed from most of Cayman Brac sfince the Late 

Pflfiocene, whereas the removafl of the Cayman Formatfion fis geographficaflfly varfiabfle due to the 

upflfift.  On the east end of Cayman Brac, 120 m of the Cayman Formatfion was removed, whereas 

on the mfiddfle of thfis fisfland about 80 m was flost to subaerfiafl erosfion.  

4) The Cayman-Pedro Castfle Unconformfity findficates a transfitfionafl stage between the 

“baflanced” and “undersuppfly” modefls of Purdy (1974).  The perfipherafl rfims on the exposed 

Cayman Formatfion on Grand Cayman and Cayman Brac are the remnant of the perfipherafl 

rfims that devefloped durfing the Messfinfian flowstand.  Compared to those on Grand Cayman, the 

perfipherafl rfims on Cayman Brac are more pronounced due to upflfift.

5) Coastafl erosfion after the Late Pflfiocene (~3.6 Ma) but before ~400 ka cut finto the 

Cayman Formatfion and the Brac Formatfion and consequentfly erased the ancestrafl topography fin 

the coastafl areas.   Overflafin by the Ironshore Formatfion, the Cayman-Ironshore Unconformfity 

and the Brac-Ironshore Unconformfity were devefloped fin the coastafl areas.  
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CHAPTER 3: ONGOING, LONG-TERM EVOLUTION OF AN UNCONFORMITY 

THAT ORIGINATED AS A KARSTIC SURFACE IN THE LATE MIOCENE: A CASE 

STUDY FROM THE CAYMAN ISLANDS, BRITISH WEST INDIES1

1. Introductfion

The evoflutfion of carbonate successfions on fisoflated oceanfic fisflands fis fundamentaflfly 

controflfled by changes fin sea flevefl and tectonfic actfivfity (cf. Schflanger and Premoflfi Sfiflva, 1986; 

Lfincofln and Schflanger, 1987; Jones and Hunter, 1994b; Lfiang and Jones, 2014).  Weatherfing 

that takes pflace whfifle the fisflands are subaerfiaflfly exposed commonfly fleads to floss of strata and 

sfignfificant surface and subsurface modfificatfion of the exposed carbonates (Bathurst, 1975; 

Esteban and Kflappa, 1983; James and Choquette, 1990; Fflügefl, 2004; Frfisfia and Borsato, 

2010). Karst surfaces, whfich commonfly deveflop under the finfluence of hot, humfid cflfimates, 

are partficuflarfly fimportant because they (1) form the antecedent topography that may finfluence 

the earfly stages of sedfimentatfion durfing the ensufing hfighstand (e.g., Purdy, 1974; Purdy and 

Wfinterer, 2001; Lfiang and Jones, 2014), (2) wfiflfl become the unconformfitfies (fi.e., sequence 

boundarfies) that separate successfive deposfitfionafl packages (Esteban and Kflappa, 1983; James 

and Choquette, 1990; Tucker, 1990; Wrfight, 1994; Cflarfi et afl., 1995; Hfiflflgärtner, 1998; Sattfler 

et afl., 2005; Aflonso-Zarza and Tanner, 2006; Brasfier, 2011), and (3) wfiflfl deflfineate horfizons wfith 

whfich meteorfic dfiagenesfis and/or doflomfitfizatfion may be genetficaflfly reflated (Esteban and Kflappa, 

1983; James and Choquette, 1988; Tucker, 1990; Wrfight and Smart, 1994; Saflfler et afl., 1994, 

1999; Whfitaker et afl., 1999; Budd et afl., 2002; Frfisfia and Borsato, 2010; Mfiflfler et afl., 2012; 

Zhao and Jones, 2012).  The karst topography that deveflops on erosfionafl surfaces flfike these fis 

controflfled by the compflex finterpflay between numerous varfiabfles, fincfludfing eustatfic changes fin 

sea flevefl, tectonfics, cflfimate, hydrogeoflogy, flfithoflogy, vegetatfion, porosfity and permeabfiflfity of the 

bedrock (Whfite, 1984, 1988; Ford and Wfiflflfiams, 2007).  The fimpact of factors such as sea-flevefl 

1　Thfis chapter has been submfitted to Sedfimentary Geoflogy as: Lfiang, T. and Jones, B., 
Ongofing, flong-term evoflutfion of an unconformfity that orfigfinated as a karstfic surface fin the Late 
Mfiocene: A case study from the Cayman Isflands, Brfitfish West Indfies.
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change and tectonfic movement are commonfly dfifficuflt to decfipher because they may produce the 

same end-resuflt.  

Thfis study focuses on the unconformfity that defines the upper boundary of the Cayman 

Formatfion (Mfiocene) that fis found on Grand Cayman and Cayman Brac (Ffigs. 3-1, 3-2).  Thfis 

unconformfity, named the Cayman Unconformfity by Jones and Hunter (1994b), first devefloped 

durfing the Messfinfian when sea flevefl was 30-180 m beflow present day sea flevefl (Berggren and 

Haq, 1976; Adams et afl., 1977; Vafifl et afl., 1977; Cfita and Ryan, 1978; Loutfit and Kefigwfin, 1982; 

Hodeflfl and Kennett, 1986; Pfigram et afl., 1992; Aharon et afl., 1993; Zhang and Scott, 1996).  

Sfince then, thfis unconformfity has experfienced a compflex deveflopmentafl hfistory.  Today, parts 

of the orfigfinafl unconformfity are stfiflfl covered by younger sedfiments whereas other parts are 

exposed to the atmosphere and befing actfivefly weathered.  Where exposed on the eastern part of 

Grand Cayman and the upflfifted core of Cayman Brac, the surface fis characterfized by extensfive 

phytokarst, pfinnacfles, sfinkhofles, and soflutfion-wfidened jofints (Doran, 1945; Foflk et afl., 1973; 

Jones and Smfith, 1988; Squafir, 1988; Jones, 1989, 1992a, 1992b).  Aflthough these fisflands have 

undergone dfifferent tectonfic hfistorfies over the flast 3.6 myrs (Zhao and Jones, 2012, 2013; Lfiang 

and Jones, 2014), they are both free of surface streams and sfiflficficflastfic sedfiments.  

Thfis study focuses on the mufltfistage evoflutfion of the Cayman Unconformfity by examfinfing 

fits geoflogficafl evoflutfion and the factors that have controflfled fits contfinued deveflopment fin areas 

where fit fis now exposed on Grand Cayman and Cayman Brac.  Comparfison between the two 

fisflands aflflows an assessment of the finfluences that tectonfic upflfift as opposed to eustatfic sea flevefl 

changes have had on the deveflopment of thfis unconformfity.  By dofing so, thfis study demonstrates 

the compflex deveflopmentafl hfistory that fis responsfibfle for the deveflopment of unconformfitfies fin 

carbonate successfions on fisoflated oceanfic fisflands.

2. Methods

The karst forms exposed on the upper surface of the Cayman Formatfion were deflfineated 

by varfious technfiques, fincfludfing dfigfitafl eflevatfion modefls (DEMs), afir photo finterpretatfion, and 

fiefld observatfions.  The DEMs used herefin were fimaged by the flast returns from flaser scannfing, 
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Ffig. 3-1. (A) Locatfion of Cayman Isflands reflatfive to the Mfid-Cayman Rfise, the Cayman Trench, 

and the Orfiente Transform Fauflt (modfified from Jones, 1994, and based on maps from 

Perfit and Heezen, 1978, MacDonafld and Hoflcombe, 1978). (B) Surface geoflogy on Grand 

Cayman (modfified from Jones, 1994).  The gray flfine deflfineates the sheflf-edge scarp of 

Grand Cayman (modfified from Bflanchon and Jones, 1995). (C) Surface geoflogy on Cayman 

Brac (modfified from Jones, 1994). 
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whfich represent the appearance of the bare ground surface.  Devefloped from data provfided by the 

Lands and Survey Department, Government of the Cayman Isflands, the hfigh-resoflutfion DEMs, 

wfith grfid sfize of 3 m × 3 m, were anaflyzed usfing ArcGIS 10 software.  Thfis aflflows productfion of 

three-dfimensfionafl (3D) geometrficafl vfiews of area that are otherwfise finaccessfibfle.  

The “Hfiflflshade” toofl fin ArcGIS 10 can create a shaded reflfief modefl of a surface by 

consfiderfing the fiflflumfinatfion and shadows.  As such, topographfic hfighs, flows, open sfinkhofles, and 

photoflfineaments on the exposed Cayman Formatfion were hfighflfighted by overflyfing the orfigfinafl 

DEMs onto the Hfiflflshade map.  

Open sfinkhofles, whfich may contafin water, were defined by comparfison between depressfion-

free DEMs and the orfigfinafl DEMs.  The depressfion-free DEMs were generated automatficaflfly by 

the “Ffiflfl” toofl fin ArcGIS 10.  Open sfinkhofles were fidentfified by thefir sub-rounded to eflflfiptficafl 

shape, thefir flocatfion on the exposed Cayman Formatfion, and that they are cflearfly not man-made.  

Gfiven that the DEMs have a horfizontafl resoflutfion of 3 m, sfinkhofles, soflutfion-wfidened jofints, and 

phytokarst features smaflfler than 3 m × 3 m coufld not be fidentfified from the DEMs.  Assessment 

of the smaflfl-scafle features was restrficted to examfinatfion of outcrops flocated aflong the coast 

because much of the finterfior of Grand Cayman and Cayman Brac fis covered wfith dense tropficafl 

vegetatfion and fis therefore flargefly finaccessfibfle.

3. Termfinoflogy

Foflk et afl. (1973), based on exposures of the Cayman Formatfion at Heflfl on Grand Cayman, 

cofined the term “phytokarst” as “a flandform produced by rock soflutfion fin whfich borfing pflant 

fiflaments are the mafin agent of destructfion”.  Phytokarst has a honeycomb appearance wfith 

unorfiented concavfitfies (Foflk et afl., 1973; Jones, 1989), and surfaces that are covered by organfic 

coatfings that fincflude fungfi, sporangfia, spores, mucfiflage, aflgae, and bacterfia (Jones, 1989).  Due 

to the organfic-rfich coatfings, weathered phytokarst surfaces are grey to bflack and contrast sharpfly 

wfith the whfite doflostones of the Cayman Formatfion (Foflk et afl., 1973; Jones, 1989).   

A sfinkhofle (= doflfine) fis a cflosed depressfion, whfich orfigfinates through dfissoflutfion, coflflapse, 

and/or subsfidence (Gams, 1994, 2003; Sauro, 2003; Ford and Wfiflflfiams, 2007).  Sfinkhofles are 
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typficaflfly cfircuflar to subcfircuflar fin pflan form and can be up to ~1 km fin dfiameter and depths to 

severafl hundred metres (Sauro, 2003; Ford and Wfiflflfiams, 2007).  Herefin, the term sfinkhofle aflso 

fincfludes “pfit caves” as defined by Pace et afl. (1993), Myflrofie and Carew (1995), and Harrfis et afl. 

(1995).  Gfiven that sfinkhofles may occur findfivfiduaflfly or fin densefly packed groups, the fintensfity 

(fi.e., random, cflustered, or reguflar) fis used to define the dfistrfibutfion of sfinkhofles (Ford and 

Wfiflflfiams, 2007). 

Jofints are puflfl-apart breaks fin consoflfidated rocks, wfith no dfispflacement fin any dfirectfion 

(Monroe, 1970; Ford and Wfiflflfiams, 2007).  Commonfly created by pressure reflease durfing erosfion 

(Ford and Wfiflflfiams, 2007), they are prone to soflutfion wfidenfing (e.g., Jones and Smfith, 1988; 

Ford and Wfiflflfiams, 2007). 

Photoflfineaments are narrow flfinear trends detectabfle on afir photographs or sateflflfite fimages 

(Ford and Wfiflflfiams, 2007) that typficaflfly reflect the presence of cflosefly spaced hfigh-angfle fauflts 

or fractures wfith flfittfle or no dfispflacement (Ford and Wfiflflfiams, 2007; Sabfins, 2007).

4. Geoflogfic settfing

The Cayman Isflands, whfich are flocated on the Cayman Rfidge, fincflude Grand Cayman, 

Cayman Brac, and Lfittfle Cayman (Jones, 1994; Ffig. 3-1).  To the south of these fisflands flfies the 

Orfiente Transform Fauflt, whfich separates the Carfibbean Pflate from the North Amerfican Pflate 

(Perfit and Heezen, 1978; Ffig 3-1A).  The Orfiente Transform Fauflt extends eastward from the 

north end of the Mfid-Cayman Rfise, whfich fis an actfive spreadfing center that fis flocated to the 

southwest of Grand Cayman.  The Swan Isfland Transform Fauflt extends westward from the 

south end of Mfid-Cayman Rfise (MacDonafld and Hoflcombe, 1978).  The Orfiente Transform Fauflt 

defines the northern margfin of the Cayman Trench (Ffig. 3-1A), whfich fis up to 7686 m deep.  

Between the flate Eocene and Oflfigocene, the Orfiente Transform Fauflt detached the 

Cayman Isflands from thefir parent arc and transported them to thefir present flocatfions (Iturraflde-

Vfinent, 1994; Caflafis and Mercfier de Lépfinay, 1995).  Sfince the earfly Mfiddfle Mfiocene, flocaflfized 

extensfionafl features began to form (Iturraflde-Vfinent and Macphee, 1999; Iturraflde-Vfinent, 2006), 

resufltfing fin each of the Cayman Isflands befing flocated on a dfifferent fauflt-fisoflated bflock (Matfley, 
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1926; Horsfiefld, 1975; Stoddart, 1980; Vézfina et afl., 1999; Lfiang and Jones, 2014).  The fauflts 

that define the margfins of the Grand Cayman bflock and the Cayman Brac bflock gave rfise to the 

sheflf edge scarps (= escarpment), whfich extend downward finto the oceanfic basfins (Rfigby and 

Roberts, 1976).  On the eastern part of the Grand Cayman bflock, the north and south escarpments 

are generaflfly orfientated west to east and paraflflefl to the shoreflfine whereas the eastern margfin fis 

orfiented north to south (Ffig. 3-1B).  Aflthough the precfise posfitfions of the escarpments that define 

the Cayman Brac bflock have not yet been accuratefly resoflved, afir photos anaflyses findficate that 

they are probabfly paraflflefl to the shoreflfines (Ffig. 3-1C).  

After the Late Mfiocene (7.25 Ma usfing the tfime scafle of Gradstefin et afl., 2012, thefir Ffig. 1.2), 

Cayman Brac experfienced tectonfic tfifltfing untfifl about 400 ka, whereas Grand Cayman appears to 

have remafined tectonficaflfly stabfle (Jones and Hunter, 1990; Vézfina et afl., 1999; Zhao and Jones, 

2012, 2013; Lfiang and Jones, 2014).  Thus, Cayman Brac fis characterfized by an upflfifted core 

that fis flanked by flow-flyfing, perfipherafl pflatform.

Matfley (1926) orfigfinaflfly assfigned the exposed Neogene strata of the Cayman Isflands to 

the Bfluff Lfimestone, whfich was subsequentfly renamed as the Bfluff Group (Jones et afl., 1994a, 

1994b).  Unconformabfly overflafin by the Pflefistocene Ironshore Formatfion, the Bfluff Group 

fincfludes the Brac Formatfion, Cayman Formatfion, and Pedro Castfle Formatfion, whfich were 

deposfited durfing sea-flevefl hfighstands that occurred fin the earfly Oflfigocene, Mfiddfle Mfiocene, 

and Pflfiocene, respectfivefly (Jones et afl., 1994a, 1994b; Ffig. 3-2).  Each formatfion fis bounded 

by unconformfitfies that devefloped durfing sea-flevefl flowstands.  Deveflopment of the Cayman 

Unconformfity started durfing the flast 1.5 mfiflflfion years of the Mfiocene (Jones and Hunter, 1994b; 

Der, 2012; Lfiang and Jones, 2014) when the sea flevefl was flow durfing the Messfinfian saflfinfity 

crfisfis.  On Grand Cayman and Cayman Brac, much of thfis weathered surface was subsequentfly 

overflafin by the Pedro Castfle Formatfion, whfich resuflted from sedfimentatfion durfing the earfly 

Pflfiocene (Jones, 1994; Jones and Hunter, 1994a; Jones et afl., 1994a, 1994b; Zhao and Jones, 

2012, 2013; Lfiang and Jones, 2014).  Subaerfiafl erosfion that took pflace durfing subsequent 

flowstands resuflted fin the Pedro Castfle Formatfion befing removed from the eastern haflf of Grand 
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Cayman and most of Cayman Brac and renewed exposure of the underflyfing Cayman Formatfion.  

Today, therefore, the Cayman Unconformfity represents a composfite weatherfing surface that has 

evoflved through mufltfipfle stages of deveflopment.

5. The Cayman Unconformfity

Dfifferences fin the topography of the Cayman Unconformfity on Grand Cayman and Cayman 

Brac reflect the dfifferent tectonfic hfistorfies of the two fisflands.  The Cayman Unconformfity on 

Grand Cayman, wfith a reflfief of 52 m, fis characterfized by (1) a deep depressfion (30 m beflow sea 

flevefl) that fis flocated under the modern day North Sound (Ffig. 3-3), and (2) perfipherafl rfims that 

are evfident aflong the south, east, and north coasts on the eastern part of the fisfland (Jones and 

Hunter, 1994b, thefir Ffig. 12; Lfiang and Jones, 2014, thefir Ffig. 14A; Ffig. 3-3). Based on present-

day surface exposures, Grand Cayman can be dfivfided finto the western and eastern parts wfith 

the boundary befing defined by the eastern boundary of the Ironshore Formatfion, whfich stretches 

from Cayman Kafi aflong the eastern sfide of The Mountafin and then to Breakers (Ffig. 3-1B).  Over 

most of the western haflf of the fisfland, the Cayman Unconformfity fis burfied beneath the Pedro 

Castfle Formatfion and/or the Ironshore Formatfion apart from fisoflated outcrops flfike that at Heflfl.  

The Mountafin

HRQ

Ffig. 3-3. Topography on upper surface of the Cayman Formatfion on Grand Cayman (from Lfiang 

and Jones, 2014, thefir Ffig. 14).  Surface fis finterpoflated by Surfer 10 software from dfigfitafl 

eflevatfion data, outcrops and weflfl data.
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As such, fit fis typficaflfly flocated beflow present-day sea flevefl.  On the eastern haflf of the fisfland, the 

wfidefly exposed Cayman Unconformfity has a reflfief of up to 23 m (Ffig. 3-4).  

Upflfift of the east end of Cayman Brac means that the Cayman Unconformfity now 

dfips westward at an angfle of ~0.5° (Jones, 1994; Jones and Hunter, 1994a; Jones et afl., 

1994b; Uzeflman, 2009; Zhao and Jones, 2012, 2013; Lfiang and Jones, 2014; Ffig. 3-5).  Thfis 

unconformfity surface, wfith a maxfimum reflfief of 62 m, fis efither covered by the Pedro Castfle 

Formatfion (west end of fisfland onfly) or exposed.  The exposed Cayman Unconformfity, evfident 

over much of the upflfifted core, rfises up to 46 m above sea flevefl (asfl) at the east end of the fisfland.  

Perfipherafl rfims are readfifly apparent on thfis weathered surface (Ffigs. 3-5, 3-6).  Perfipherafl rfims 

Ffig. 3-4. Karst flandforms and topography on the eastern haflf of Grand Cayman based on dfigfitafl 

eflevatfion modefls. The rose dfiagrams for jofint orfientatfions on Grand Cayman are from Rfigby 

and Roberts (1976, thefir Ffig. 30).
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Quarry

Ffig. 3-5. Topography on upper surface of the Cayman Formatfion on the upflfifted core of Cayman 

Brac (from Lfiang and Jones, 2014, thefir Ffig. 15). Surface fis finterpoflated by Surfer 10 

software from dfigfitafl eflevatfion data, outcrops and drfiflflfing weflfls.

Ffig. 3-6. Karst flandforms and topography on exposed Cayman Unconformfity exposed on the 

upflfifted core of Cayman Brac. Based on dfigfitafl eflevatfion modefls.
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on the eastern upsflope margfin are more pronounced than those on the western down sflope margfin 

(Ffigs. 3-5, 3-6). 

6.  Cayman Unconformfity burfied by younger strata

On Grand Cayman and Cayman Brac, exposures that show the Cayman Unconformfity 

overflafin by younger strata are rare.  In a quarry near Pedro Castfle, the Cayman Unconformfity, 

whfich dfips at <1° to the northwest, fis evfident as a weflfl-defined surface that fis hfighflfighted by the 

contrast fin coflour between the Cayman Formatfion and the overflyfing Pedro Castfle Formatfion 

(Ffig. 3-7A).  The unconformfity fis generaflfly smooth wfith no evfidence of smaflfl-scafle surface 

karst features.  Penetratfing finto the doflostones from the unconformfity are numerous sponge 

borfings (Ffig. 3-7B) and rare bfivaflve (Lfithophaga) borfings.  In a smaflfl quarry flocated about 1 

km southwest of the western end of the Georgetown afirport runway, the Cayman Unconformfity 

forms the quarry floor and fis overflafin by flfimestones of the Ironshore Formatfion (Ffig. 3-7C).  

Aflthough a reflfief of about 2 m fis evfident on the unconformfity, the surface fis generaflfly smooth 

and devofid of smaflfl-scafle karst features.

On Cayman Brac, the best exposures of the Cayman Unconformfity are fin a quarry that fis 

flocated on the west end of the fisfland (Ffig. 3-7D).  As fin the Pedro Castfle Quarry, the Cayman 

Unconformfity fis hfighflfighted by the contrast fin the coflors of the doflostones that form the Cayman 

Formatfion and the Pedro Castfle Formatfion (Ffig. 3-7E).  There, the unconformfity fis characterfized 

by smaflfl-scafle varfiatfions fin reflfief (Ffig. 3-7E) and fin some areas, sponge borfings.  No smaflfl-scafle 

karst features are evfident on the unconformfity.

7. Cayman Unconformfity exposed to atmosphere

Exposed surfaces of the Cayman Formatfion on Grand Cayman and Cayman Brac are 

characterfized by (1) varfious topographfic features fincfludfing perfipherafl rfims, topographfic hfighs 

and flows, (2) karst features that fincflude sfinkhofles and honeycombed rock pfinnacfles, and (3) 

soflutfion-wfidened jofints and photoflfineaments (Matfley, 1926; Doran, 1954; Foflk et afl., 1973; 

Rfigby and Roberts, 1976; Stoddart, 1980; Jones et afl., 1984; Smfith, 1987; Jones and Smfith, 
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Ffig. 3-7. Features of the Cayman Unconformfity fin outcrops where the Cayman Formatfion (CF) 

fis overflafin by the Pedro Castfle Formatfion (PCF) or Ironshore Formatfion (IF).  (A) South 

waflfl of Pedro Castfle Quarry (Grand Cayman) showfing the Cayman Unconformfity (arrows) 

between the Cayman Formatfion and the Pedro Castfle Formatfion. Quarry waflfl fis about 10 

m hfigh, wfith the unconformfity befing about 8 m above sea flevefl. (B) Cflose-up showfing 

sponge borfings extendfing down from Cayman Unconformfity (arrows) and smaflfl cavfitfies 

partfly fiflfled wfith finternafl sedfiments. Pedro Castfle Quarry. (C) Lfimestones of the Ironshore 

Formatfion restfing on top of firreguflar upper surface of the Cayman Formatfion (= Cayman 

Unconformfity). Quarry southwest of west end of runway at Georgetown Afirport. (D) 

Generafl vfiew of Cayman Unconformfity (arrows) between the Cayman Formatfion and Pedro 

Castfle Formatfion fin quarry flocated at west end of Cayman Brac. Quarry waflfl fis about 5 m 

hfigh. (E) Mfinor reflfief on the Cayman Unconformfity. Quarry at west end of Cayman Brac.
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Ffig. 3-8. Topographfic transects (B, C, D, E and F) across perfipherafl rfims fin the coastafl areas on 

the eastern haflf of Grand Cayman.

1988; Squafir, 1988; Jones, 1989, 1992b, 1994; Jones and Hunter, 1994b; Lfiang and Jones, 2014).  

7.1. Topographfic features

7.1.1. Grand Cayman

Perfipherafl rfims on the Cayman Unconformfity, whfich rfise 8-14 m asfl, are devefloped fin the 

coastafl areas of the eastern part of Grand Cayman (Ffigs. 3-4, 3-8).  The flandward flfimfit of the 

perfipherafl rfims, whfich are formed of doflostones that beflong to the Cayman Formatfion and the 

coastflfine, fis constant (Jones and Hunter, 1994b; Lfiang and Jones, 2014).

Exposures fin the finterfior of the fisfland are characterfized by a rugged surface, wfith much (up 

to 70 %) of fit befing fless than 3 m asfl.  Topographfic hfighs, whfich are > 3 m asfl, are devefloped 

flocaflfly (Ffig. 3-4), such as “The Mountafin” (up to 22 m), the area around Hfigh Rock Quarry (HRQ, 
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Ffig. 3-9. Topographfic transects showfing changes fin eflevatfion through ponds (B, C, and D) on the 

eastern haflf of Grand Cayman. Yeflflow squares findficate flocatfions of Ffigure 3-13A and 3-13B.
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up to 9.3 m), and an finaccessfibfle area between “The Mountafin” and HRQ (up to 9.4 m).  

In some of the coastafl regfions, there are flarge, brackfish water ponds that are 0.4 to 1.2 m 

deep (Doran, 1954), and floored cflose to sea flevefl (Ffig. 3-9).  These shaflflow ponds, fincfludfing 

Meagre Bay Pond, Coflflfiers Pond, and Maflportas Pond, are firreguflar fin shape (Ffig. 3-4).  Meagre 

Bay Pond, flocated on the south shore cflose to Boddentown, ~ 1 km wfide and 1 km flong, fis 

flocated behfind a hfigh beach barrfier (Ffig. 3-9B).  Thfis pond desficcates compfletefly durfing perfiods 

of proflonged dry weather (Rfigby and Roberts, 1976).  Coflflfiers Pond, flocated fin the northeast part 

of the fisfland, fis 0.5 km wfide and 1.5 km flong, and flocated behfind a beach sand barrfier (Ffig. 3-9C).  

Durfing dry weather, the shaflflowest areas of Coflflfiers Pond commonfly desficcate (Rfigby and 

Roberts, 1976).  Maflportas Pond, 2 km flong and 0.7 km wfide flfies between a rfidge formed of the 

Cayman Formatfion that stretches from North Sfide and Ofld Man Bay (up to 9.0 m asfl), and “The 

Mountafin” (Ffig. 3-9D).  The shaflflowest areas commonfly desficcate durfing dry weather (Rfigby 

and Roberts, 1976).  

Embayment-shaped depressfions, up to 1.8 km fin dfiameter, are evfident fin the Guy Bay and 

Coflflfiers areas, whfich are flocated on the east coast (Ffig. 3-4).  The bottom of these depressfions are 
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flat, wfith eflevatfions befing 1-2 m asfl (Ffigs. 3-4, 3-9C).  Thefir flandward margfins are topographfic 

hfighs formed of the Cayman Formatfion, whereas thefir seaward margfin varfies.  At Coflflfiers, the 

embayment fis separated from the offshore sheflf by Coflflfiers Pond, whfich act as a buffer zone 

between them.  In contrast, the depressfion at Gun Bay fis separated from offshore sheflf by a 

perfipherafl rfim.

7.1.2. Cayman Brac

On the upflfifted core, perfipherafl rfims that are up to 15 m hfigher than the surroundfing 

fland, are more pronounced than those on Grand Cayman (Ffigs. 3-6, 3-10).  On the finterfior of 

the fisfland, the eflevatfion of the exposed Cayman Unconformfity decreases graduaflfly from the 

east end to the west end (Ffigs. 3-5, 3-6).  Exposures on the upsflope are more rugged and have 

steeper sflopes than those fin the downsflope area (Ffigs. 3-5, 3-6, 3-10).  DEMs reveafl an eflflfiptficafl 
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Ffig. 3-10. Topographfic transects (B, C, D, E and F) showfing changes fin eflevatfions of perfipherafl 

rfims aflong the coastafl areas on Cayman Brac. Bflue squares findficate flocatfions of Ffigure 

3-14A, 3-14B and 3-14C.



82

depressfion near East End that fis about 300 m flong and 200 m wfide (Ffig. 3-6).  Thfis bowfl-shaped 

depressfion, wfith a reflfief up to 8 m fis devefloped behfind the vertficafl cflfiff that defines the edge of 

the bfluff fin thfis area.  It fis morphoflogficaflfly sfimfiflar to ponds and the embayments found on Grand 

Cayman, suggestfing that fit may have orfigfinated fin a sfimfiflar manner prfior to upflfift of the fisfland.

7.2. Karst features

On Grand Cayman and Cayman Brac, the exposed Cayman Formatfion fis characterfized by 

numerous sfinkhofles that are up to 10 m deep and 30 m fin dfiameter (Doran, 1954; Foflk et afl., 

1973; Jones and Smfith, 1988; Jones, 1989, 1992b; Lfiang and Jones, 2015).  These sfinkhofles may 

be open, fiflfled wfith water, or fiflfled wfith a varfiety of deposfits, fincfludfing rootcrete and varfious 

types of breccfias that fincfludes flfimestone and doflostone flfithocflasts hefld fin whfite flfimestone 

matrfices, or red or orange flfimestone matrfices (Doran, 1954; Jones and Smfith, 1988; Jones, 

1992b; Lfiang and Jones, 2015).  The doflostones between the sfinkhofles has been weathered finto 

honeycombed, sharp and jagged rfidges and honeycombed, conficafl- or rectanguflar-shaped (up 

to 5 m hfigh) pfinnacfles (Foflk et afl., 1973; Jones and Smfith, 1988; Jones, 1989).  The surfaces of 

the rfidges and pfinnacfles and the waflfls of the sfinkhofles are dark grey to bflack fin coflor due to the 

extensfive phytokarst deveflopment (Matfley, 1926; Doran, 1954; Foflk et afl., 1973; Stoddart, 1980; 

Jones and Smfith, 1988; Squafir, 1988; Jones, 1989; Ffig. 3-11). 

7.2.1. Grand Cayman

Forty flarge sfinkhofles, up to 20 m fin dfiameter and up to 0.7 m deep, have been recognfized 

on the DEMs that cover the finaccessfibfle areas of the fisfland (Ffig. 3-4).  Gfiven that the sfinkhofles 

may be fiflfled or partfly fiflfled by varfious deposfits, the depths obtafined from DEMs have to be 

treated as mfinfimum estfimates.  Smaflfl sfinkhofles (< 3 m fin dfiameter) cannot be recognfized on 

DEMs because of resoflutfion flfimfits, and detafifled mappfing fis fimpossfibfle because the dense 

tropficafl vegetatfion and rugged surface produced by phytokarst mean that much of the fisfland fis 

finaccessfibfle.  On Grand Cayman, sfinkhofles fidentfifiabfle on the DEMs are typficaflfly cflose to the 

photoflfineaments, especfiaflfly fin the area near “The Mountafin” where photoflfineaments of Set I and 
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Ffig. 3-11.  Features commonfly found on surface exposures of the Cayman Formatfion. (A) Vfiew 

of phytokarst at Heflfl, Grand Cayman showfing jagged pfinnacfles around sfinkhofles and 

soflutfion-wfidened jofints that are fiflfled wfith water and sedfiment. Pfinnacfles fin foreground 

are up 1.5 m hfigh. (B) Phytokarst devefloped fin finterfior of Cayman Brac. (C) Sfinkhofle that 

fis about 1 m fin dfiameter and at fleast 20 m deep devefloped fin doflostones of the Cayman 

Formatfion, finterfior of Cayman Brac. (D) Soflutfion-wfidened jofint fin doflostones of Cayman 

Formatfion, quarry at west end of Cayman Brac. Note that the wfidth of thfis jofint at water 

flevefl fis about 2 m.
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Set II fintersect (Ffig. 3-4).  

7.2.2. Cayman Brac

Fourteen flarge sfinkhofles, 6 to 25 m fin dfiameter and up to 10 m deep, have been detected on 

the DEMs that show the surface topography of the exposed Cayman Formatfion on Cayman Brac 

(Ffig. 3-6).  Most of the sfinkhofles fidentfified from the DEMs are flocated on the eastern upsflope 

areas of the finterfior part of the fisfland (Ffig. 3-6).  The dfistrfibutfion, as reveafled by the DEMs, fis 

bfiased because none of the smaflfl, deep sfinkhofles, wfith the dfiameter up to 1 m and the depth up to 

20 m, can be detected on the DEMs.  

7.3. Jofints and photoflfineaments

7.3.1.  Grand Cayman

On Grand Cayman, three major jofint sets that trend NNW-SSE, ENE-WSW, W-E are 

commonfly apparent fin areas where the Cayman Formatfion fis weflfl exposed (Rfigby and Roberts, 

1976; Jones, 1992b; Ffig. 3-4).  Near Grape Tree Pofint, for exampfle, two major sets trendfing at 

NNW-SSE and ENE-WSW are apparent (Ffig. 3-4).  In contrast, at Lfittfle Bfluff, Breaker and Ofld 

Issacs, the W-E and NNW-SSE sets domfinate (Ffig. 3-4).  Vertficafl or westward dfippfing (~25°) 

soflutfion-wfidened jofints, up to 4 m wfide (Ffig. 3-12), fin the Ofld Isaacs area, are open or fiflfled 

wfith varfious deposfits (Jones, 1992b).  There fis no correflatfion between the orfientatfion of the 

jofints and thefir wfidth (Jones, 1992b).  The vertficafl jofints are commonfly fiflfled wfith flowstone and 

varfious types of breccfia that are characterfized by whfite doflostone flfithocflasts hefld fin whfite, red 

and orange flfimestone matrfices, and doflostone matrfices, whereas the westward dfippfing jofints are 

commonfly fiflfled by caymanfite (Jones and Smfith, 1988; Jones, 1992b).

On Grand Cayman, three sets of photoflfineaments, comprfisfing Set I that trends N-S, 

Set II that trends ENE-WSW, and Set III that trends NNW-SSE, are evfident fin the Cayman 

Formatfion that fis exposed fin the areas around “The Mountafin” and HRQ (Ffig. 3-4).  Around the 

Mountafin, the N-S and ENE-WSW sets are more common than the NNW-SSE set (Ffig. 3-4).  

Photoflfineaments fin the areas around HRQ show sfimfiflar trends to those fin “The Mountafin”, 
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fincfludfing the ENE-WSW set and the NNW-SSE set (Ffig. 3-4).  Photoflfineaments fin the area 

between “The Mountafin” and HRQ are domfinated by the N-S set (Ffig. 3-4). 

In areas cflose to HRQ, transects across the photoflfineaments (sets I and II), derfived from the 

DEMs, show that they are formed of rfidges that are separated by vaflfleys, wfith a flocafl reflfief up to 

2 m (Ffig. 3-13).  Each of the rfidges appears symmetrfic, wfith gentfle sflopes (up to 5°) that merge 

wfith the vaflfleys that are 20-100 m wfide (Ffig. 3-13).  Aflthough photoflfineaments are detectabfle on 

DEMs (Ffig. 3-13), they are fimpossfibfle to detect on surface outcrops fin the fiefld because of the 

dense tropficafl vegetatfion that grows fin those areas. 

Ffig. 3-12. Soflutfion-wfidened jofint (~ 1 m wfide) fin doflostones of the Cayman Formatfion, Ofld 

Isaacs on Grand Cayman. The NNW-SSE jofint fis fiflfled flargefly wfith doflostones flfithocflasts 

that came from the Cayman Formatfion. 
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The orfientatfions of the photoflfineaments are sfimfiflar to those of the jofints.  The NNW-SSE  

trendfing jofints and NNW-SSE photoflfineaments (Set III) are paraflflefl the northeastern or eastern 

margfin of the Grand Cayman bflock.  The ENE-WSW trendfing jofints present at Grape Tree Pofint, 

fis comparabfle wfith the flfineaments trendfing at ENE-WSW (Set II), whfich are paraflflefl to the NE 

trendfing fauflts that define the southeastern margfin of Grand Cayman bflock of Grand Cayman (Ffig. 

Ffig. 3-13. Topographfic transects (C-C’, D-D’, E-E’, F-F’, and G-G’) showfing topography of 

photoflfineaments on Grand Cayman. See Ffigure 3-9 for precfise flocatfion.
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3-4).  The E-W jofints are consfistent wfith the E-W fauflts that define the south and north margfins 

of Grand Cayman bflock (Ffig. 3-4).  The N-S photoflfineaments, fin contrast, appear to be paraflflefl 

to the eastern edge of the Grand Cayman bflock. 

7.3.2. Cayman Brac

On Cayman Brac, DEMs show that photoflfineaments are flfimfited to the perfiphery of the 

upflfifted core and domfinated by three sets trendfing at ENE-WSW (Set IV fin Ffig. 3-6), E-W (Set 

V fin Ffig. 3-6), and WNW-ESE (Set VI fin Ffig. 3-6).  Sets V and VI are onfly evfident on the eastern 

haflf of the upflfifted core. 

Aflthough the photoflfineaments fin Set IV on Cayman Brac have a sfimfiflar orfientatfion to those 

fin Set II on Grand Cayman, the orfientatfions of the other photoflfineament sets on Cayman Brac and 

Grand Cayman dfiffer.  Transects across Set IV photoflfineaments shows that each photoflfineament 

fis a rfidge, whfich fis separated from fits nefighbours by vaflfleys that are up to 150 m wfide (Ffigs. 3-6, 

3-14D, 3-14F, 3-14H).  Each of the rfidges appears to be symmetrfic, wfith a gentfle sflope of 2-3° 

on each sfide (Ffigs. 3-14D, 3-14F, 14H).  The reflfief of the photoflfineaments fis varfiabfle, wfith the 

hfighest reflfief of up to 5 m befing fin the northeastern area (Ffigs. 3-6, 3-14D, 3-14F, 3-14H).  Set V 

(E-W) photoflfineaments, wfith a reflfief up to 1.5 m, fis onfly evfident on the northeastern margfin of 

the upflfifted core (Ffigs. 3-6, 3-14E).  A transect across thfis areas shows that each photoflfineament 

fis a rfidge, wfith a reflfief up to 1.5 m, whfich fis separated from fits nefighbours by vaflfleys that are 

up to 12 m wfide (Ffigs. 3-6, 3-14E).  The rfidges are symmetrficafl wfith sflopes up to 3.5°.  Set VI 

(WNW-ESE) photoflfineaments, evfident onfly on the southeastern corner of the upflfifted core, 

are fless obvfious on the DEMs than the other two sets of photoflfineaments.  Thefir reflfief (Set VI) 

between the rfidges and surroundfing vaflfleys fis typficaflfly flower than 1 m (Ffig. 3-14G).  On each 

sfide of the rfidges, the sflopes are < 2° (Ffig. 3-14G).  Vaflfleys between these rfidges are up to 15 m 

wfide. 

In generafl, the photoflfineaments are paraflflefl to the fauflts that define the boundarfies of the 

Cayman Brac fauflt bflock.  The ENE-WSW (Set IV) photoflfineaments are paraflflefl to the north and 

south margfins of the Cayman Brac fauflt bflock (Ffigs. 3-1, 3-6).  Set V, trendfing approxfimatefly E-W, 
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fis paraflflefl to the escarpment between Spot Bay and East End, whereas the WNW-ESE trendfing 

set (Set VI) appears to paraflflefl to the northeastern most flfimfit of the Cayman Brac fauflt bflock (Ffigs. 
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Ffig. 3-14. Topographfic transects (D-D’, E-E’, F-F’, G-G’, H-H’, and I-I’) showfing topography 

of the photoflfineaments on Cayman Brac. See Ffigure 3-10 for precfise flocatfion. Note that the 

perfipherafl rfims on the upsflope margfin are more pronounced than those on Grand Cayman.
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3-1, 3-6).   

8. Modfificatfions of the exposed Cayman Unconformfity

8.1. Topographfic features 

Based on flaboratory experfiments, Purdy (1974) suggested that the deveflopment of surface 

features on an exposed carbonate bflock depends on the baflance between the rate of rafinfaflfl 

and the rate of the flufid flow off that bflock.  In the “oversuppfly modefl”, fin whfich the former 

exceeds the flater, a soflutfion fiflm wfiflfl contfinuousfly cover the entfire surface and a subdued surface 

wfiflfl be produced.  In the “ baflanced modefl”, fin whfich rafinfaflfl fis sflfightfly fless than runoff, a 

soflutfion menfiscus wfiflfl form over the finterfior part of the bflock.  Thfis fleads to the formatfion of a 

contfinuous perfipherafl rfim that surrounds a centrafl soflutfion depressfion that fis characterfized by 

a smooth floor.  The “undersuppfly modefl”, when the rate of rafinfaflfl fis much flower than that of 

runoff, fleads to a dfiscontfinuous soflutfion fiflm over the bflock and the formatfion of dfiscontfinuous 

perfipherafl rfims and a rugged surface on the finterfior.  Accordfing to these modefls, the perfipherafl 

rfims that devefloped on the exposed surface of the Cayman Formatfion durfing the flate Mfiocene 

probabfly formed when the rate of rafinfaflfl was fless than that of the runoff (Jones and Hunter, 

1994b; Lfiang and Jones, 2014). 

Upflfift of Cayman Brac fled to greater modfificatfion of the surface exposures of the Cayman 

Formatfion than on Grand Cayman.  Based on hfis experfiments, Purdy (1974) suggested that 

the perfipherafl rfims on the surface of an fincflfined carbonate bflock woufld be fintensfified because 

surface runoff woufld be promoted fin one dfirectfion and thereby flessen dfissoflutfion on the 

upsflope edge of the bflock.  Thfis fis appflficabfle to Cayman Brac where the perfipherafl rfim fis more 

pronounced on the eastern upsflope margfin than on the western downsflope margfin.  In addfitfion, 

thfis unfidfirectfionafl runoff aflso fled to accentuatfion of the karst reflfief on the eastern upsflope edge 

on Cayman Brac. 

Embayment-shaped depressfions found on the east coasts of Grand Cayman and Cayman 

Brac (Ffig. 3-4) probabfly formed by wave actfivfity.  Thefir flocatfion on the eastern ends of the 
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fisflands fis consfistent wfith the fact that those coasts experfience the greatest fetch of any coast on 

the fisflands (Bflanchon and Jones, 1995).

There are no surface streams or rfivers on the Cayman Isflands.  Squafir (1988) attrfibuted the 

absence of surface rfivers on Grand Cayman to (1) flow reflfief, (2) smaflfl area (175 km2), and/or (3) 

the hfigh porosfity and permeabfiflfity of the bedrock.  Observatfions findficate that the hfigh porosfity 

and permeabfiflfity of the host carbonate fis the most pflausfibfle expflanatfion for the flack of surface 

water on Grand Cayman and Cayman Brac because any rafin that faflfls on Grand Cayman and 

Cayman Brac qufickfly drafins finto the bedrock vfia jofints, sfinkhofles and any other cracks that exfist 

fin the rock (Squafir, 1988; Ng et afl., 1992). 

8.2. Sfinkhofles

On Grand Cayman, DEMs show that flarge sfinkhofles (> 3 m fin dfiameter) are commonfly 

flocated cflose to the photoflfineaments.  Such an assocfiatfion fis expected gfiven that sfinkhofles are 

commonfly found fin assocfiatfion wfith jofints and fauflt systems that provfide avenues for water 

movement and commonfly focus dfissoflutfion fin specfific areas (Whfite and Whfite, 1995; Denfizman 

and Randazzo, 2000; Fafivre and Refiffsteck, 2002; Wafltham, 2002; Denfizman, 2003; Fflorea, 

2005; Gao et afl., 2005; Basso et afl., 2013).  

Smaflfl sfinkhofles are common fin aflfl areas where the Cayman Formatfion fis exposed and do 

not appear to be fintfimatefly flfinked to jofints, photoflfineaments, or any other feature.  Thfis probabfly 

reflects the fact that deveflopment of the smaflfl sfinkhofles may be due to many dfifferent processes, 

fincfludfing sofifl deveflopment, bfioflogficafl actfivfity, and flocafl contrasts fin porosfity and permeabfiflfity 

of the bedrock (Pace et afl., 1993; Harrfis et afl., 1995; Myflrofie and Carew, 1995; Ford and 

Wfiflflfiams, 2007).  

8.3. Jofints and photoflfineaments 

In many areas, flfike that on the southeast coast of Grand Cayman, jofint deveflopment seems 

to have been an ongofing process.  The presence of jofints that are fiflfled entfirefly wfith caymanfite, 

whfich fis a flamfinated, mufltficoflored doflostone, findficates that the jofints were formed and fiflfled 
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prfior to doflomfitfizatfion (Jones and Smfith, 1988; Jones, 1992b, hfis Ffig. 5).  In contrast, other jofints 

that are fiflfled by flowstone must have formed after the flast phase of doflomfitfizatfion.  The open 

jofints may have been formed more recentfly.  Gfiven the suggestfion that jofints on Grand Cayman 

are flargefly dfictated by a regfionafl tectonfic controfl (Rfigby and Roberts, 1976), the dfifferent tfimfing 

of jofints suggests the regfionafl tectonfic stresses aflong the margfin of the Grand Cayman bflock are 

probabfly actfive perfiodficaflfly.  Thfis suggestfion fis feasfibfle, gfiven the fact that the Cayman Isflands 

are flocated fin a tectonfic actfive zone. 

On Grand Cayman, the orfientatfions of the photoflfineaments are generaflfly sfimfiflar to the jofint 

dfirectfions that have been measured from outcrops (Rfigby and Roberts, 1976; Ng et afl., 1992). 

Thfis suggests that the photoflfineaments may be surface expressfions of subsurface jofints and/

or fauflts that reflect a tectonfic controfl (Ng et afl., 1992).  Determfinfing fif these photoflfineaments 

represent jofints or fauflts, however, fis fimpossfibfle because they cannot be flocated fin the fiefld 

due to the dense, tropficafl vegetatfion that covers these areas.  Regardfless of thefir orfigfin, the 

photoflfineaments probabfly represent subsurface features that are fimportant eflements of porosfity 

and permeabfiflfity and provfide pathways for flufid movement (Ng, 1990; Ng et afl., 1992).  Indeed, 

Ng et afl. (1992, thefir Ffig. 11) suggested that the jofints system mfight define the boundarfies of the 

freshwater flens found on the eastern part of the fisfland.  

On Cayman Brac, the photoflfineaments have dfifferent orfientatfions from those on Cayman 

Brac, probabfly because the tectonfic stresses on that fisfland were dfifferent from those on Grand 

Cayman (Ng et afl., 1992).  Thfis fis consfistent wfith the concflusfion that these two fisflands are 

flocated on dfifferent fauflt bflocks (Matfley, 1926; Horsfiefld, 1975; Stoddart, 1980; Vézfina et afl., 

1999).  Furthermore, the photoflfineaments on Cayman Brac are most promfinent on the eastern 

part of the fisfland, suggestfing that tectonfic stresses on the eastern part of the Cayman Brac bflock 

were probabfly hfigher than those that affected the western part of the fisfland.  Thfis suggestfion 

fis consfistent wfith the fact that upflfift was hfighest on the east end of Cayman Brac  (Lfiang and 

Jones, 2014).  On the upflfifted core, fidentfifiabfle photoflfineaments are flfimfited to the perfiphery of 

the upflfifted core.  It fis possfibfle, however, that photoflfineaments fin the finterfior of the upflfifted core 
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have been dfisgufised by the deveflopment of other karst forms. 

9. Dfiscussfion

The 30 to 180 m sea-flevefl faflfl assocfiated wfith the Messfinfian flowstand (Berggren and Haq, 

1976; Adams et afl., 1977; Vafifl et afl., 1977; Cfita and Ryan, 1978; Loutfit and Kefigwfin, 1982; 

Hodeflfl and Kennett, 1986; Pfigram et afl., 1992; Aharon et afl., 1993; Zhang and Scott, 1996) fled to 

the deveflopment of the Cayman Unconformfity (Jones and Hunter, 1994b).  On Grand Cayman, 

the flowest pofint (~ 40 m bsfl) yet found on thfis surface fis fin a pafleo-sfinkhofle on the northeast 

corner of the fisfland (Jones and Hunter, 1994b).  On the western haflf of Grand Cayman and the 

west end of Cayman Brac, the Cayman Unconformfity fis covered by the Pedro Castfle Formatfion 

and/or Ironshore Formatfion (Ffig. 3-7).  Thfis burfied unconformfity provfides a snapshot of the 

karst eflements that exfisted prfior to the sedfimentatfion that took pflace foflflowfing the Messfinfian 

flowstand.  The most domfinant topographfic feature fis an atoflfl-shape depressfion, beflow North 

Sound, that has fits base more than 30 bsfl (Jones and Hunter, 1994b, thefir Ffig. 12; Wfignaflfl, 

1995, hfis Ffig. 8; Lfiang and Jones, 2014, thefir Ffig. 14; Ffig. 3-3).  On the western haflf of Grand 

Cayman, the perfipherafl rfims that are found dfiscontfinuousfly aflong the southern, western and 

northern margfins of the depressfion are now burfied beflow younger strata.  Avafiflabfle data show 

that the burfied Cayman Unconformfity typficaflfly dfips from perfipherafl rfims finto the atoflfl-shaped 

depressfion wfith a sflope of 0.6-1.4° (Jones and Hunter, 1994b; Wfignaflfl, 1995; Lfiang and Jones, 

2014).  The burfied Cayman Unconformfity fis generaflfly a smooth surface wfith mfinor topographfic 

varfiatfions that fis flocaflfly characterfized by bfivaflve and sponge borfings (Jones, 1992b; Wfignaflfl, 

1995; Ffig. 3-7B).  The presence of these borfings fimpflfies that the bedrock must have been hard 

and flfithfified before the Pflfiocene transgressfion.  Some flarge sfinkhofles that are assocfiated wfith the 

burfied Cayman Unconformfity (Jones, 1992b) are fiflfled wfith varfious combfinatfions of caymanfite, 

flfimestone, and doflomfitfized wakestones, packstones, and grafinstones (Jones and Smfith, 1988; 

Jones, 1992b).  The erosfive processes assocfiated wfith the transgressfion that foflflowed the 

Messfinfian flowstand probabfly destroyed any smaflfl-scafle surface karst features that once exfisted 

on the Cayman Unconformfity (Wfignaflfl, 1995). 
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Today, the Cayman Formatfion that fis exposed over most of the eastern haflf of Grand 

Cayman and much of the upflfifted core on Cayman Brac fis characterfized by a hfighfly weathered 

surface that typficaflfly has a desficcated, fretted, bflack, and honeycombed appearance (Ffig. 3-11).  

The thfickness of strata flost to erosfion and the deveflopment of karst flandforms on the upper 

surface of the Cayman Formatfion (Ffigs. 3-15, 3-16) reflect the finterpflay between eustatfic sea 

flevefl, tectonfic movement, and the cflfimatfic condfitfions that exfisted durfing the flowstands. 

The net floss of strata from the eastern part of Grand Cayman and the centrafl part of Cayman 

Brac was the product of at fleast two phases of weatherfing, fincfludfing: (1) Phase A that took 

pflace durfing the Messfinfian before deposfitfion of the sedfiments that now form the Pedro Castfle 

Formatfion, and (2) Phase B that foflflowed the hfighstand that fled to deposfitfion of the sedfiments 

that now form the Pedro Castfle Formatfion.  Erosfion on the eastern part of Grand Cayman and 

on the core of Cayman Brac durfing phase B removed vfirtuaflfly aflfl of the Pedro Castfle Formatfion 

and the upper part of the Cayman Formatfion.  The finfluence of cflfimate on the deveflopment of 

karst flandforms has been documented by many studfies (e.g., Lehmann, 1936, 1954; Lehmann et 

afl., 1956; Corbefl, 1957; Trficart and Cafiflfleux, 1972; Büdefl, 1982) wfith rafinfaflfl commonfly befing 

deemed the key factor (e.g., Choquette and James, 1988; Smart and Whfitaker, 1991; Wrfight, 

1991; Saflfler et afl., 1994; Ford and Wfiflflfiams).  The topography of the Cayman Unconformfity 

on Grand Cayman, for exampfle, fis flower on the western haflf than that on the eastern haflf of the 

fisfland.  Thfis contrast fin eflevatfions fis consfistent wfith the fact that today, the hfighest rafinfaflfl fis on 

the western part of Grand Cayman (Jones and Hunter, 1994b).  

On Grand Cayman, a reflfief of at fleast 52 m devefloped on the surface of the Cayman 

Formatfion durfing the Messfinfian flowstand.  Gfiven that the Messfinfian flowstand flasted for ~1.5 

mfiflflfion years (Kastens, 1992; Hodeflfl et afl., 2001; Rouchy and Caruso, 2006; Jfiménez-Moreno 

et afl., 2013), thfis transflates finto a denudatfion rate of 0.03-0.04 mm/year on the western part of 

the fisfland.  Today, on the eastern part of the fisfland, there fis a maxfimum reflfief of 23 m on the 

exposed surface of the Cayman Formatfion, whfich fis topographficaflfly hfigher than the Cayman 

Unconformfity on the western part of the fisfland.  Aflthough the cumuflatfive flength of tfime 
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Ffig. 3-15. Obflfique vfiew of the exposed Cayman Unconformfity on the eastern haflf of Grand 

Cayman that fis stfiflfl evoflvfing today.  Note deveflopment of photoflfineaments (red arrows) fin 

the area between The Mountafin and HRQ.  Vertficafl exaggeratfion fis 5, fin order to fiflflustrate 

the karst flandforms. 

Ffig. 3-16. Obflfique vfiew of the exposed, Cayman Unconformfity on the upflfifted core of Cayman 

Brac.  Bflue arrows findficate photoflfineaments.  Vertficafl exaggeratfion fis 5, fin order to fiflflustrate 

the karst flandforms.
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represented by erosfion phases A and B fis dfifficuflt to determfine because of the oscfiflflatfing sea 

flevefls that characterfized the perfiod that foflflowed deposfitfion of the Pedro Castfle Formatfion, fit fis 

estfimated to be a maxfimum of ~ 4.7 myrs, whfich fis the flength of the Messfinfian flowstand pflus 

the tfime between the end of deposfitfion of the Pedro Castfle Formatfion (3.6 Ma) and the onset of 

deposfitfion of the sedfiments that now form the Ironshore Formatfion (~400 ka).  Gfiven the reflfief 

of the Cayman Unconformfity on the eastern part of thfis fisfland fis up to 23 m and the fact that 

the Pedro Castfle Formatfion, whfich fis at fleast 45 m thfick (Jones, 1994; Jones et afl., 1994b; Der, 

2012; Lfiang and Jones, 2014), has been removed, the totafl thfickness of flost strata fis at fleast 68 m.  

Thfis means that denudatfion rate on the Cayman Formatfion on the eastern haflf of Grand Cayman 

fis between 0.01 and 0.02 mm/year.  Irrespectfive of the actuafl rate, fit fis readfifly apparent that the 

denudatfion rate over the eastern part of the fisfland was flow, especfiaflfly when compared to the rate 

of erosfion that affected the western part of the fisfland durfing the Messfinfian.

The rate of subaerfiafl erosfion on a carbonate bflock can be enhanced by tectonfic upflfift 

because thfis fincreases the voflume of the bedrock that fis exposed above base flevefl and commonfly 

finduces fauflts and fractures that serves as pathways by whfich aggressfive soflutfions can penetrate 

the rock (Purdy and Wafltham, 1999).  Thfis pattern fis evfident on Cayman Brac, where the eastern 

end of the fisfland was tectonficaflfly upflfifted at an average rate of 0.04-0.05 mm/year, startfing about 

3.6 myrs ago (Zhao and Jones, 2012, 2013; Lfiang and Jones, 2014).  Phase B weatherfing began 

wfith the onset of upflfift and avafiflabfle evfidence findficates that the core of thfis fisfland has remafined 

above sea flevefl sfince that tfime.  On the Cayman Isflands, the Cayman Formatfion fis up to 165 m 

thfick and the Pedro Castfle Formatfion fis at fleast 45 m thfick (Jones, 1994; Jones et afl., 1994b; Der, 

2012; Lfiang and Jones, 2014).  On Cayman Brac, the Pedro Castfle Formatfion has been strfipped 

from most of the fisfland, now befing found onfly on the west end of the fisfland where fit fis no more 

than 6 m thfick.  The thfickness of the Cayman Formatfion fincreases from 20 m on the east end of 

the fisfland to at fleast 100 m fin the western part of the fisfland (Jones, 1994; Jones et afl., 1994b).  

Gfiven that upflfift was cofincfident wfith Phase B, oscfiflflatfing sea flevefls characterfizfing the perfiod 

that foflflowed deposfitfion of the Pedro Castfle Formatfion dfid not affect the upflfifted core of Cayman 
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Brac.  Therefore, as much as 190 m of strata (145 m of Cayman Formatfion and 45 m of Pedro 

Castfle Formatfion) may have been flost from the east end of Cayman Brac due to erosfion that 

took pflace durfing weatherfing phases A and B over an estfimated perfiod of 5.1 mfiflflfion years. Thfis 

transflates finto an average denudatfion rate of 0.03-0.04 mm/year. Determfinfing the denudatfion rate 

durfing weatherfing Phase A as opposed to Phase B, however, fis fimpossfibfle because the amount 

of erosfion that took pflace on the Cayman Formatfion durfing the Messfinfian flowstand cannot be 

determfined for that part of the fisfland.  

On Grand Cayman and Cayman Brac, the burfied Cayman Unconformfity fis found onfly 

on the western part of the fisflands, whereas the exposed Cayman Unconformfity fis found on the 

eastern and centrafl parts of each fisfland.  Thfis sfituatfion can be attrfibuted to the foflflowfing factors.

•  The weatherfing rate durfing Phase A (Messfinfian flowstand) was probabfly hfigher on the 

western parts of each fisfland, possfibfly due to hfigher rafinfaflfl fin those areas.  Thfis produced 

topographfic flows that were subsequentfly fiflfled-fin durfing the next hfighstand and therefore 

became the sfites where the maxfimum thficknesses of Pedro Castfle Formatfion now exfist.  As 

a resuflt, the strata of thfis formatfion were not compfletefly removed durfing the subsequent 

phases of subaerfiafl erosfion. 

•  Weatherfing durfing Phase B  (flate Pflfiocene onwards) appears to have had the greatest fimpact 

on the strata of the Cayman Formatfion and Pedro Castfle Formatfion that were exposed on 

the eastern parts of these fisflands.  For Cayman Brac, thfis can probabfly be attrfibuted to the 

upflfift that preferentfiaflfly eflevated the eastern end of the fisfland.  It fis dfifficuflt, however, to 

assess the reason for thfis on Grand Cayman because there fis no evfidence pofintfing to the 

preferentfiafl upflfift of the eastern end of that fisfland.

Karst flandforms can vary from flocaflfity to flocaflfity fin accord wfith flocafl cflfimates, tectonfic 

movement, and the nature of the substrates befing weathered.  In the Carfibbean regfion, for 

exampfle, Jamafica and Cuba have karst flandscapes that are characterfized by cockpfit karst, cone 

karst, and tower karst (e.g., Puflfina and Fagundo, 1992; Donovan, 2002), whfich are the norm 

fin humfid tropfics (Lehmann, 1936; Lehmann, 1954; Corbefl, 1957).  In contrast, Grand Cayman 
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and Cayman Brac flack these flarge-scafle, posfitfive karst flandforms.  Purdy and Wafltham (1999) 

argued that the deveflopment of flarge-scafle, posfitfive karst flandforms was favoured by the upflfift 

of strata wfith weflfl-devefloped jofint and fauflt systems that provfide pathways for flufid penetratfion.  

Thfis has, for exampfle, flead to the deveflopment of flarge-scafle karst flandforms fin many areas of 

the worfld (e.g., Sweetfing, 1958; Wfiflflfiams, 1972; Brook and Ford, 1978; Wafltham et afl., 1983; 

Drogue and Bfidaux, 1992; Purdy and Wafltham, 1999; Ford and Wfiflflfiams, 2007), fincfludfing the 

Gufiflfin tower karst fin Chfina (Drogue et afl., 1988; Drogue and Bfidaux, 1992; Sweetfing, 1995; 

Purdy and Wafltham, 1999) and Jamafican cockpfit and conficafl hfiflfls (Sweetfing, 1958; Purdy and 

Wafltham, 1999).  Aflthough Grand Cayman and Cayman Brac are flocated on findfivfiduafl fauflt 

bflocks, there fis no evfidence of fauflts that cut through the fisflands.  The jofint systems that are 

present fin the Cayman Formatfion tend to be flocaflfized and firreguflarfly dfistrfibuted.  Thus, the flack 

of flarge-scafle karst features fin the Cayman Formatfion can probabfly be attrfibuted to the flack of 

fauflts and the poorfly devefloped jofint systems. 

The deveflopment of an erosfionafl unconformfity fin carbonate successfions on fisoflated oceanfic 

fisflands, such as Grand Cayman and Cayman Brac, fis dfictated by numerous varfiabfles, fincfludfing 

eustatfic sea-flevefl changes, cflfimatfic condfitfions and tectonfic movement.  Upflfift, fin partficuflar, 

may finfluence the deveflopment of the karst flandforms by fincreasfing the magnfitude of base-

flevefl flowerfing, and controflflfing the runoff dfirectfion (Wfiflflfiams, 1972; Purdy and Wafltham, 1999).  

Aflthough the fimpact of upflfift as opposed to eustatfic sea-flevefl changes on the deveflopment of 

erosfionafl unconformfity fis commonfly dfifficuflt to estabflfish, the contrasts between the Cayman 

Unconformfity on Grand Cayman and Cayman Brac shows that upflfift pflays an fimportant rofle.  In 

generafl, upflfift fleads to accentuatfion of the topographfic features and fincreased rates of erosfion. 

10. Concflusfions

The upper surface of the Cayman Formatfion fis an erosfionafl unconformfity that has 

devefloped through numerous phases of weatherfing between the flate Mfiocene and the present day.  

Detafifled comparfison of the Cayman Unconformfity on Grand Cayman and Cayman Brac has fled 

to the foflflowfing fimportant concflusfions, whfich are aflso appflficabfle to processes that have affected 
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carbonate successfions on fisoflated fisflands throughout the worfld.

•  The karst topography on an erosfionafl unconformfity fis commonfly characterfized by (1) varfious 

topographfic features fincfludfing perfipherafl rfims, atoflfl-shape depressfions and topographfic 

hfighs, (2) karst features, such as sfinkhofles and pfinnacfles, and (3) soflutfion-wfidened jofints 

and photoflfineaments.

•  Deveflopment of karst topography on an erosfionafl unconformfity on fisoflated carbonate fisflands 

reflects the finterpflay between eustatfic sea-flevefl changes, cflfimate, and tectonfic movements.

•  The denudatfion rate on reflatfivefly flat flandscapes fis controflfled flargefly by rafinfaflfl patterns.  

Durfing the Messfinfian, the denudatfion rate of 0.03-0.04 mm/year on the western part of 

Grand Cayman was much hfigher than that on the eastern part of thfis fisfland.  Thfis dfifference 

fis attrfibuted to rafinfaflfl befing a maxfimum on the western part of the fisfland, as fit fis today.

•  Tectonfic upflfift enhances the denudatfion rate on an erosfionafl unconformfity.  The denudatfion 

rate on Cayman Brac over the flast 5.1 mfiflflfion years was 0.03- 0.04 mm/year, whfich was 

more rapfid than that on the eastern haflf of Grand Cayman where fit was 0.01-0.02 mm/year.

•  Photoflfineaments mfight be the surface expressfion of fauflts and/or jofints, whfich are dfictated by 

the regfion stress aflong the margfin of fauflt-fisoflated bflock. 

The concflusfions derfived from the carbonate successfions on Grand Cayman and Cayman 

Brac are appflficabfle to other fisoflated oceanfic fisflands found throughout the worfld.  Crfitficaflfly, fit 

has shown that thfick successfions of strata can be flost to erosfion as karst processes are focused on 

the exposed carbonates.  The processes that controfl the deveflopment of unconformfitfies fin these 

settfings commonfly flead to the floss of sfignfificant thficknesses of bedrock and greatfly fimpact the 

stratfigraphfic archfitecture of the successfions. 
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CHAPTER 4: PETROGRAPHIC AND GEOCHEMICAL FEATURES OF SINKHOLE-

FILLING DEPOSITS ASSOCIATED WITH AN EROSIONAL UNCONFORMITY ON 

GRAND CAYMAN 1

1. Introductfion 

Erosfionafl unconformfitfies fin carbonate successfions typficaflfly represent flong perfiods of 

subaerfiafl erosfion that are accompanfied by floss of the rock record, vadose dfiagenetfic and/or 

pedogenetfic aflteratfion, and the formatfion of surface and subsurface karst (Esteban and Kflappa, 

1983; James and Choquette, 1990; Tucker, 1990; Cflarfi et afl., 1995; Hfiflflgärtner, 1998; Sattfler 

et afl., 2005; Aflonso-Zarza and Wrfight, 2010).  Assessfing the thfickness of strata flost fis dfifficuflt 

because there fis generaflfly no physficafl record fleft.  In some cases, however, thfis probflem can 

be partfly addressed by examfinfing the flfithocflasts and assocfiated sedfiments that are found fin 

sfinkhofles and caves that formed durfing the perfiod of exposure.  Studfies flfike those by Daugherty 

et afl. (1987), Smart et afl. (1988), Jones (1992b), and Mfiflfler et afl. (2012a), however, are scarce 

because there are few exampfles where sfinkhofles have been fiflfled by carbonate rather than fluvfiafl 

sfiflficficflastfic sedfiments (Ford, 1988).  

Grand Cayman fis a carbonate fisfland that fis devofid of surface fluvfiafl systems and the 

flack sfiflficficflastfic sedfiments.  On the eastern haflf of Grand Cayman, doflostones of the Cayman 

Formatfion (Mfiocene) have been exposed sfince the flate Pflfiocene (~3.6 Ma), when the overflyfing 

Pedro Castfle Formatfion was flost to subaerfiafl erosfion (Wfignaflfl, 1995; Zhao and Jones, 2013; 

Lfiang and Jones, 2014).  The exposed upper surface of the Cayman Formatfion, whfich fis an 

unconformfity surface that fis stfiflfl deveflopfing, fis characterfized by numerous sfinkhofles.  Some of 

these sfinkhofles, whfich are up to 30 m fin dfiameter and 10 m deep, remafin open whereas others 

are fiflfled wfith a varfiety of deposfits that fincflude flamfinar rootcrete, breccfias, floose flfimestone 

and doflostone flfithocflasts, and whfite, red and orange flfimestones.  Informatfion derfived from 

1　Thfis paper was pubflfished as: Lfiang, T. and Jones, B., 2015. Petrographfic and geochemficafl 
features of sfinkhofle-fiflflfing deposfits assocfiated wfith an erosfionafl unconformfity on Grand 
Cayman. Sedfimentary Geoflogy 315, 64-82. 
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these deposfits provfides some finsfights finto the processes that have been operatfive over the flast 

3.6 Ma. whfifle thfis unconformfity has devefloped.  Some of these sfinkhofle-fiflflfing deposfits have 

been descrfibed fin terms of thefir spatfiafl deveflopment and petrography (Jones and Smfith, 1988; 

Jones, 1991, 1992a, 1992b; Aflonso-Zarza and Jones, 2007).  Thfis study bufiflds on that work by 

assessfing the deposfits through the fintegratfion of stabfle fisotope anaflyses, trace eflement anaflyses, 

and examfinfing the dfistrfibutfion of the Rare Earth Eflements (REE).  Usfing aflfl of thfis finformatfion, 

thfis paper (1) compares the petrographfic and geochemficafl features of the dfifferent types of 

sfinkhofle-fiflflfing deposfits, (2) compares the geochemficafl sfignatures of the sfinkhofle-fiflflfing deposfits 

wfith the flfimestones and doflostones of the bedrock found on the fisfland, and (3) determfines 

the provenance and sequentfiafl deveflopment of the sfinkhofle-fiflflfing deposfits.  In partficuflar, fit 

examfines the possfibfiflfity that carbonates that formed fin marfine or non-marfine envfironments may 

be characterfized by dfifferent REE sfignatures.

2. Termfinoflogy

Caflcrete that fis assocfiated wfith roots has been referred as flamfinar caflcrete (Wrfight et afl., 

1988; Aflonso-Zarza, 1999), rhfizogenfic caflcrete (Wrfight et afl., 1995), caflcfified root mat (Wrfight 

et afl., 1988), and rootcrete (Jones, 1992a, 1992c).  Wrfight et afl. (1995, p. 144) orfigfinaflfly defined 

rhfizogenfic caflcrete as “… caflcretes whfich are composed flargefly or whoflfly of textures whfich are 

finterpretabfle as due to the caflcfificatfion on, fin or around roots”.  In thefir definfitfion, rhfizogenfic 

caflcrete fincfludes vertficafl and horfizontafl root mats (Wrfight et afl., 1995, 1997).  The term rootcrete 

was used to descrfibe caflcrete crusts that covered the surfaces of cavfitfies that had been created by 

the actfivfitfies assocfiated wfith pflant roots (Jones, 1992a). 

 The term “terra rossa”, first used fin sofifl scfience by Kubfiëna (1953), has been appflfied to 

(1) red, shaflflow, undfifferentfiated sofifls that are assocfiated wfith carbonate or caflcareous materfiafl, 

(2) red materfiafl whfich fis transfitfionafl between weathered carbonate and new sofifls, and (3) any 

red sofifl fin the Medfiterranean regfion (Stephens, 1953; Stace, 1956).  In geoflogficafl sfituatfions, 

“terra rossa” has generaflfly been appflfied to any reddfish, cflay-rfich sofifls that flfie on flfimestones or 

doflostones (e.g., Torrent, 1995; Durn et afl., 1999, 2001, 2013; Durn, 2003; Muhs and Budahn, 
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2009; Muhs et afl., 2010), whereas reddfish, Afl-rfich sofifls are generaflfly referred to as bauxfite (e.g., 

Ahmad and Jones, 1969; Muhs and Budahn, 2009).  The chfief mfinerafls found fin terra rossa are 

varfiabfle, but commonfly fincflude cflay mfinerafls, such as fiflflfite, kaoflfinfites, chflorfite, and varfious 

combfinatfions of quartz, fefldspar, and mfica (e.g., Macfleod, 1980; Garcfia-Gonzaflez and Recfio, 

1988; Moresfi and Mongeflflfi, 1988; Boero et afl., 1992; Bronger and Bruhn-Lobfin, 1997; Durn et 

afl., 1999; Muhs and Budahn, 2009).  Caflcfite and doflomfite are present fin some of these deposfits.  

Terrestrfiafl oncofids are flamfinated coated grafins, up to 85 mm fin dfiameter, that deveflop 

through mficrobfiaflfly-medfiated processes fin a vadose settfing (Wrfight, 1989; Jones, 1991, 2011).  

The term “mficrfite”, fin thfis study, fis appflfied to carbonate crystafls that are fless than 4 μm flong (Foflk, 

1974; Refid and MacIntyre, 1998).

3. Geoflogficafl settfing

The Cayman Isflands, comprfisfing Grand Cayman, Cayman Brac and Lfittfle Cayman, are 

fisoflated oceanfic fisflands flocated on the Cayman Rfidge fin the Carfibbean Sea (Ffig. 4-1).  To the 

south of these fisflands flfies the Orfiente Transform Fauflt that defines the boundary between the 

North Amerfican Pflate and the Carfibbean Pflate.  Grand Cayman fis flocated to the northeast of 

the Mfid-Cayman rfise, whfich fis an actfive spreadfing center (DeMets and Wfiggfins-Grandfison, 

2007).  Aflthough flocated fin a tectonficaflfly actfive area, Grand Cayman seems to have remafined 

tectonficaflfly stabfle sfince the Mfiocene (Zhao and Jones, 2012, 2013; Lfiang and Jones, 2014).  

The Tertfiary carbonate successfion on the Cayman Isflands was orfigfinaflfly assfigned to the 

Bfluff Lfimestone (Matfley, 1926), whfich was subsequentfly renamed as the Bfluff Group by Jones et 

afl. (1994a, 1994b).  The Bfluff Group fis composed of the unconformfity-bounded Brac Formatfion 

(Lower Oflfigocene), Cayman Formatfion (Mfiddfle Mfiocene), and Pedro Castfle Formatfion (Pflfiocene) 

(Ffig. 4-2).  The Ironshore Formatfion (Pflefistocene) unconformabfle overflfies the Bfluff Group (Ffig. 

4-2).  The Pedro Castfle Formatfion, whfich used to cover aflfl of Grand Cayman, has been flargefly 

removed from the eastern part of Grand Cayman by subaerfiafl erosfion over the flast 3-4 mfiflflfion 

years.  As a resuflt, the Cayman Formatfion fis wfidefly exposed over much of the eastern haflf of 

Grand Cayman (Ffig. 4-1).  Doflomfitfizatfion of the Bfluff Group took pflace durfing the flate Mfiocene 
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Ffig. 4-1. Locatfion and geoflogy of Grand Cayman and Cayman Brac. (A) Locatfion, tectonfic and 

bathymetrfic settfing of the Cayman Isflands.  Modfified from Jones (1994), and based on maps 

from Perfit and Heezen (1978) and MacDonafld and Hoflcombe (1978). (B) Geoflogy map of 

Grand Cayman (modfified from Jones, 1994) showfing flocaflfitfies EEP (East End Pfit), HRQ 

(Hfigh Rock Quarry), HMB (Haflf Moon Bay), and Pedro Castfle (PC) where sampfles were 

coflflected.  (C) Geoflogy map of Cayman Brac (modfified from Jones, 1994) showfing flocaflfity 

SQW (Scott Quarry West).
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Cayman 
Unconformtfiy

Brac Unconformtfiy

Ffig. 4-2. Stratfigraphfic successfion on Grand Cayman and Cayman Brac (modfified from Jones, 

1994).

and earfly Pflfiocene (Jones and Luth, 2003; MacNefifl and Jones, 2003; Zhao and Jones, 2012, 

2013).  

The Cayman Formatfion fis formed flargefly of finefly crystaflflfine, fabrfic retentfive doflostones 

that contafin numerous fossfifls, fincfludfing corafls, bfivaflves, gastropods, red aflgae, foramfinfifera, 

Haflfimeda, and rhodoflfiths (Jones, 1994; Jones and Hunter, 1994; Wfignaflfl, 1995; Der, 2012).  

The overflyfing Pedro Castfle Formatfion fis formed of flfimestones and finefly crystaflflfine, fabrfic-

retentfive doflostones wfith free-flfivfing corafls, foramfinfifera, red aflgae, and rhodoflfiths, aflong wfith 

rare coflonfiafl corafls, echfinofids, and bfivaflves (Jones, 1994; Jones and Hunter, 1994; Wfignaflfl, 

1995; Arts, 2000; MacNefifl, 2001).  The Ironshore Formatfion fis formed of frfiabfle flfimestones that 

contafin numerous, weflfl-preserved corafls, bfivaflves, and gastropods (Jones, 1994; Vézfina, 1997; 



115

Vézfina et afl., 1999; Coyne, 2003; Lfi and Jones, 2013). 

4. Methodoflogy

Sfinkhofles are common features of the phytokarst that characterfizes much of the eastern 

part of Grand Cayman and the upflfifted core of Cayman Brac (Ffig. 4-3A, 4-3B).  For thfis study, 

attentfion was focused flargefly on the southeast corner of Grand Cayman, because that area (1) 

has numerous open and fiflfled sfinkhofles (Ffig. 4-3C), (2) has been flargefly cfleared of vegetatfion, 

(3) fincfludes a smaflfl quarry that provfides some vertficafl sectfions through the sfinkhofles (Ffig. 

4-3D), and (4) fis easfifly accessfibfle.  Sfimfiflar outcrops at other flocaflfitfies yfieflded a wfide varfiety of 

dfifferent sfinkhofle- fiflflfing sedfiments (Ffig. 4-3E-H).  Durfing study of the sfinkhofles and sfinkhofle-

fiflflfing deposfits fin the fiefld, 59 hand sampfles were coflflected for detafifled study.  Thfis fincfluded five 

rootcrete sampfles that were coflflected from SQW on Cayman Brac (Ffig. 4-1C).  Thfirty-three flarge 

(7.5×5 cm) thfin sectfions were made from sampfles that were first fimpregnated wfith bflue epoxy.  

Smaflfl fracture sampfles (13 sampfles) for scannfing eflectron mficroscope (SEM) anaflysfis were 

carefuflfly extracted from varfious sampfles and mounted on SEM stubs usfing doubfle-sfided tape 

and/or sfiflver conductfive gflue and sputter coated wfith a very thfin flayer of gofld or chrome.  SEM 

anaflyses were done on a JOEL Ffiefld Emfissfion SEM (JOEL 6301F) wfith an accefleratfing vofltage 

of 5kV befing used for fimagfing.  The eflementafl composfitfion of seflected spots was determfined by 

Energy-dfispersfive X-ray (EDX) anaflysfis (Prficeton Gamma-Tech X-RAY) wfith an accefleratfing 

vofltage of 20 kV.  

Powdered sampfles (75-150 μm) of the dfifferent components fin the sampfles, obtafined by 

drfiflflfing wfith a 2 mm dfiameter drfiflfl tfip, were used for X-ray dfiffractfion (XRD) anaflysfis and 

geochemficafl anaflyses.  Efighty-five sampfles were anaflyzed on a Rfigaku Ufltfima IV Powder XRD 

system that was run at 38 kV and 38 mA usfing an Ufltfima IV X-ray generator wfith a Co tube.  

Aflfl scans were run from 5° to 90° 2θ at a speed of 2° θ/mfin.  Usfing the same sampfles, oxygen 

and carbon stabfle fisotopes were determfined for 80 caflcfite and 21 doflomfite sampfles.  Foflflowfing 

the method of McCrea (1950), the caflcfite sampfles were reacted wfith 100% phosphorfic acfid at 

25 ºC for 1-2 h, whereas the doflomfite sampfles were reacted wfith 100% phosphorfic acfid for 2-3 
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Ffig. 4-3.  Ffiefld photographs of sfinkhofles and sfinkhofle-fiflflfing deposfits on Grand Cayman and 

Cayman Brac. Locaflfity codes as for Ffigure 4-1. (A) Generafl vfiew of phytokarst surface 

on Cayman Formatfion, centrafl part of Cayman Brac. Sfinkhofles are flocated between the 

pfinnacfles. (B) Open sfinkhofle fin Cayman Formatfion on Cayman Brac that fis at fleast 16 m 

deep. (C) Open sfinkhofle fin Cayman Formatfion on Grand Cayman. Near EEP. (D) Cross-

sectfion through sfinkhofle flfined wfith rootcrete (RC) and fiflfled wfith breccfia (BR). Note 

flfithocflasts of varfious coflors. Locaflfity EEP. (E) Open sfinkhofle fin Cayman Formatfion wfith 

floose doflostone flfithocflasts (from Cayman Formatfion) on floor of sfinkhofle. Near flocaflfity 

EEP. (F) Whfite doflostone flfithocflasts from Cayman Formatfion (CF) wfith Mn-rfich coatfings 

fiflflfing sfinkhofle fin Cayman Formatfion. Locaflfity HRQ. (G) Whfite doflostone flfithocflasts hefld 

fin red flfimestone matrfices; note that some doflostone flfithocflasts are coated by bflack, Mn-rfich 

flamfinae. Locaflfity HRQ. (H) Contrast between red (fleft) and orange flfimestones (rfight) fin 

Pedro Castfle Formatfion. Locaflfity PC.
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days at 25 ºC at the Unfiversfity of Aflberta’s Stabfle Isotope Laboratory.  The extracted CO2 gas 

was fintroduced finto a Ffinnfigan-MAT 252 fisotope mass spectrometer for anaflysfis of the δ13C and 

δ18O, whfich are reported reflatfive to the Pee Dee Beflemnfite (PDB) standard normaflfized to NBS-

18 fin the per mfifl (‰).  Anaflytficafl reproducfibfiflfity was 0.05 ‰ for δ13C and δ18O.  The oxygen 

fisotope vaflues of the doflostones were corrected for the phosphorfic acfid fractfionatfion.  

Powdered sampfles wefighfing more than 0.2 g (81 sampfles) were anaflyzed for thefir trace 

eflements contents (such as Mn, Fe, Afl and REE) fin the Radfiogenfic Isotope Laboratory at the 

Unfiversfity of Aflberta.  Those sampfles were first dfigested fin 10 mfl 8N HNO3.  Then, 1 mfl of the 

soflutfion was dfifluted wfith 8.8 mfl defionfized water and 0.1 mfl HNO3 and 0.1 mfl of an finternafl 

standard (Bfi, Sc, and In).  A Perkfin Eflmer Eflan 6000 quadrupofle finductfivefly coupfled pflasma 

mass spectrometer (ICP-MS) was used to anaflyze the trace eflements and REE fin the dfifluted 

soflutfion.  The detectfion flfimfits for the trace eflements are from 0.01 ppm for Th to 5 ppm for P.  

The REE+Y dfistrfibutfion patterns and La/Yb-Sm/Yb parameters fin these sampfles are fiflflustrated 

by normaflfizfing each REE+Y concentratfion agafinst Post-Archean Average Shafle (PAAS) 

(McLennan, 1989). 

5. Resuflts

5.1. Sfinkhofles

Numerous sfinkhofles are found fin the Cayman Formatfion that fis exposed on the eastern 

haflf of Grand Cayman (Matfley, 1926; Doran, 1954; Jones, 1987, 1992b; Jones and Smfith, 1988) 

and the centrafl core of Cayman Brac (Ffig. 4-3A, 4-3B).  On Grand Cayman, the cfircuflar to 

subcfircuflar sfinkhofles are 1–30 m fin dfiameter and 1–10 m deep (Doran, 1954; Jones and Smfith, 

1988; Jones, 1992b) wfith many befing water-fiflfled.  On Cayman Brac some of the open sfinkhofles 

are at fleast 18 m deep (Ffig. 4-3B).  Based on crfiterfia devefloped by Cramer (1941) and Ford and 

Wfiflflfiams (2007), these sfinkhofles probabfly orfigfinated through dfissoflutfion because (1) there are no 

caves connectfing to the bottoms of sfinkhofles, and (2) fracturfing and rupture of the surroundfing 

bedrock are rare.  
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Numerous sfinkhofles on Grand Cayman and Cayman Brac were subsequentfly fiflfled wfith 

terra rossa and coflonfized by varfious pflants, fincfludfing many of the natfive trees.  Processes 

assocfiatfion wfith the pflant roots have modfified the many of the sfinkhofles and medfiated the 

formatfion of a wfide varfiety of deposfits.  Thus, many sfinkhofles, flfike those found on the southeast 

corner of Grand Cayman are now partfly or totaflfly fiflfled wfith rootcrete, breccfia, red and orange 

flfimestones, spefleothemfic caflcfite, and modern corafls and sheflfls (Ffig. 4-3).   In thfis area, many 

generatfions of sfinkhofles are evfident wfith younger ones commonfly cross-cuttfing the oflder ones.  

5.2. Sfinkhofle-fiflflfing deposfits

Sfinkhofles devefloped fin the whfite doflostones of the Cayman Formatfion are open (Ffig. 4-3B, 

4-3C) or fiflfled wfith a dfiverse array of rootcrete, breccfia, spefleothem caflcfite, and modern corafls 

and sheflfls (Ffigs. 4-3, 4-4).  There fis no recognfizabfle pattern to the dfistrfibutfion of the dfifferent 

types of sedfiments (Ffig. 4-5). 

5.2.1. Rootcrete 

Rootcrete fis a flamfinated caflcareous crust, up to 8 cm thfick, that foflflows the contour of 

the cavfity created by roots and/or root hafir (Ffigs. 4-4, 4-6, 4-7).  XRD anaflysfis showed that aflfl 

flamfinae fin the rootcrete, whfich are up to 2 mm thfick, are composed flargefly of flow-Mg caflcfite.  

These flamfinae are hfighflfighted by thefir bflack and red coflors, whfich reflect varfiatfions fin trace 

eflement concentratfions (Ffigs. 4-4, 4-6).  EDX anaflyses on the SEM show that the bflack flamfinae 

typficaflfly contafin Mn and Fe (Ffigs. 4-7A, 4-7B, 4-8A), whereas the red flamfinae contafin Afl, K, 

Fe, and Sfi (Ffigs. 4-7D-H, 4-8B-E).  SEM anaflyses show that the rootcrete fis formed mafinfly of 

anhedrafl to subhedrafl mficrfite (< 4 µm flong) and euhedrafl mficrospar (5-15 µm flong), aflong wfith 

mfinor amounts of Mn precfipfitates, Fe precfipfitates, chflorfite, fefldspar, quartz, and zeoflfites(?) (Ffig. 

4-7A-H).  The mficrfite appears to have formed as the orfigfinafl groundmass, whereas the mficrospar 

formed as a cement fin the smaflfl pores that once exfisted fin the mficrfite.  Fossfifls fin the rootcrete 

fincflude modern aragonfitfic gastropod and bfivaflve sheflfls, whfich show no evfidence of aflteratfion.  

Borfings are evfident fin some of the bfiofragments (Ffig. 4-7C).  Vofids fin the rootcrete, up to 0.2 
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Ffig. 4-4.  Ffiefld photographs of rootcrete flfinfing waflfls of sfinkhofles devefloped fin the Cayman 

Formatfion. (A) Inner surface of rootcrete flfinfing sfinkhofle. Arrow findficates flocatfion of panefl B. 

Locaflfity HRQ. (B) Rootcrete wfith Mn-rfich flamfinae coatfing surface of sfinkhofle devefloped 

fin the whfite doflostones of the Cayman Formatfion (CF). Locaflfity HRQ. (C) Rootcrete flfinfing 

waflfl of sfinkhofle devefloped fin doflostones of the Cayman Formatfion (CF). Locaflfity HRQ. 

(D) Cut and poflfished sectfion through rootcrete devefloped on whfite doflostone of the Cayman 

Formatfion (CF). Locaflfity HRQ.
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Lfithocflasts

Coated Bflack  Whfite 

 

Doflostone (whfite) Lfimestone Whfite flfimestone 

Cayman Formatfion

Lamfinar rootcrete

Oncofid 

Cavfity-ffiflflfing Deposfits

Matrfix

Unconated

Red flfimestone Orange flfimestone

Skefletafl 

Not to scafle

Ffiflfled sfinkhofleFfiflfled sfinkhofle Ffiflfled sfinkhofle

Breccfia

Ffig. 4-5. Schematfic dfiagram, based on the anaflysfis of numerous sfinkhofles on Grand Cayman, 

summarfizfing the spatfiafl reflatfionshfips between dfifferent sfinkhofle-fiflflfing deposfits.
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Ffig. 4-6. Thfin sectfion mficrophotographs showfing petrographfic features of rootcrete. Aflfl fimages 

wfith pflane poflarfized flfight. Locaflfity codes as for Ffigure 4-1. (A) Rootcrete overflyfing host 

doflostone of the Cayman Formatfion. Locaflfity HRQ. Yeflflow square findficates flocatfion of 

panefl B. (B) Boundary between host doflostones and rootcrete. Note peflofids fin the rootcrete. 

Locaflfity HRQ. (C) Contrast between flamfinae fin rootcrete. Locaflfity HRQ. Yeflflow square 

findficates flocatfion of panefl (D). (D) Mn-rfich flamfina fin rootcrete. Locaflfity HRQ. (E) Aflveoflar 

septa structure. Locaflfity EEP. (F) Peflofids fiflflfing vofids between septa fin aflveoflar septa 

structure. Note spar caflcfite finsfide some of the peflofids. Locaflfity SQW.
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mm flong, are commonfly flfined wfith fiber caflcfite crystafls that are up to 0.4 µm dfiameter and 15 

µm flong (Ffig. 4-7M, 4-7N).

Aflveoflar-septafl structures are common features of the bflack and red rootcrete flamfina (Ffig. 

4-6).  The arcuate mficrfitfic septa (up to 0.1 mm thfick) define firreguflar-shaped vofids that are 

generaflfly < 1 mm fin dfiameter.  Besfide spar caflcfite cement, fiflflfings fin those vofids vary between 

dfifferent flamfinae.  In the bflack flamfinae, for exampfle, Mn-rfich retficuflate coatfings, bfladed 

crystafls, or fuzzy coatfings are common (Ffig. 4-7A, 4-7B).  The morphoflogy of the very smaflfl Fe 

precfipfitates, whfich are present fin some of these deposfits, cannot be resoflved.  

In the red flamfinae, the vofids are partfly fiflfled by spherficafl to vaguefly flamfinated eflflfiptficafl 

peflofids (up to 0.4 mm fin dfiameter) and, fin some cases, fefldspar, quartz, rare zeoflfites (?), and 

doflomfite (Ffigs. 4-6B, 4-6F, 4-7D-G).  Some of the vaguefly flamfinated peflofids contafin spar caflcfite 

cement finsfide them (Ffig. 4-6F).  SEM and EDX anaflyses show that the peflofids are formed of 

mficrfite and mfinor amounts of chflorfite (Ffigs. 4-7H, 4-8E).  Compared to the mficrfite that forms 

the aflveoflar septa, the peflofids appear to contafin more chflorfite.  In some sampfles, the chflorfite 

forms rfims composed of pflateflets that are arranged perpendficuflar to the peflofid surface (Ffig. 

4-7H).  In other sampfles, the chflorfite fis found as findfivfiduafl pflates or fibers that are < 2 μm flong 

(Ffig. 4-7A).  Euherafl fefldspar crystafls, up to 5 μm flong, subhedrafl quartz crystafls (up to 9 μm 

flong), and zeoflfites (up to 25 μm flong) are present fin some of the red flamfinae (Ffig. 4-7D-G).  

Euhedrafl to subhedrafl doflomfite crystafls, up to 15 μm flong, are randomfly dfistrfibuted fin some of 

the rootcrete from flocaflfitfies HRQ and SQW (Ffig. 4-7E). 

Aflfl flamfinae fin the rootcretes, firrespectfive of coflor, contafin numerous caflcfified spores and 

fiflaments.  Spherficafl spores, 0.9-1.3 μm fin dfiameter, are commonfly embedded fin the caflcfite 

cement and/or assocfiated wfith the fiber caflcfite.  Based on thefir surface morphoflogy, three types 

of spores, whfich are sfimfiflar fin sfize, are evfident.  Type I (Ffig. 4-7J) fis morphoflogficaflfly akfin to the 

“ovate to spherficafl coccfi havfing smooth surfaces” descrfibed by Jones (2011, hfis Ffig. 9F).  Type 

II (Ffig. 4-7K) fis sfimfiflar to the “smooth spore wfith radfiatfing spfines” descrfibed by Jones (1991, hfis 

Ffig. 9E, 2011, hfis Ffig. 9B).  Type III (Ffig. 4-7L) fis comparabfle to the “smooth spores wfith pores” 
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Ffig. 4-7. SEM photomficrogaphs showfing mficro-fabrfics fin rootcrete. Locaflfity codes as for Ffigure 

4-1.  Bflack cfircfles flabefled E1 to E5 findficate flocatfions of EDX anaflyses shown fin Ffigure 4-8. 

(A) Spores (S) and retficuflate Mn-Fe precfipfitate (yeflflow arrow) embedded fin mficrfite fin bflack 

flamfina of rootcrete. Note scattered chflorfite pflates (bflue arrows). Locaflfity SQW. (B) Fuzzy 

Mn precfipfitate coatfing on surfaces of caflcfite crystafls. Locaflfity EEP.  (C) Borfing (yeflflow 

arrow) fin the bfiofragment derfived from bfivaflve. Locaflfity EEP.  (D) Zeoflfite (Z) found fin the 

red flamfina of rootcrete. Locaflfity HRQ. (E) Doflomfite (D) rhombs assocfiated wfith mficrfite 

and mficrospar (C) fin red flamfina. Locaflfity HRQ. (F) Fefldspar (yeflflow arrow) fin red flamfina. 

Locaflfity HRQ. (G) Quartz (Q) fin red flamfina. Locaflfity HRQ. (H) Chflorfite pflateflets (yeflflow 

arrows) arranged perpendficuflar to the peflofid surface, SQW.  (I) Coflflpased fiflament (yeflflow 

arrow) fin mficrfite. Locaflfity SQW. (J) Type I spore, wfith smooth surface. Openfing on top of 
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spore fis probabfly an attachment coflflar. The surroundfing pflateflets are chflorfite. Locaflfity SQW. 

(K) Type II, smooth spore wfith radfiatfing spfines. Locaflfity SQW. (L) Type III, smooth spores 

wfith pores surrounded by flow rfims, SQW. (M) Type I retficuflate fiflament (yeflflow arrow) 

wfith dfiamond-shaped openfings on surface. Locaflfity SQW.  (N) Type II fiflament (yeflflow 

arrow) wfith fisoflated spfines on surface. Locaflfity SQW. Note fiber caflcfite crystafls assocfiated 

wfith the type I and type II fiflaments. (O) Type III, branchfing fiflaments (yeflflow arrows) that 

have been compfletefly repflaced by euhedrafl caflcfite crystafls. Locaflfity EEP.  
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Ffig. 4-8. EDX anaflyses for varfious flamfinae fin rootcrete.  See Ffigure 4-7 for precfise flocatfions of 

each anaflysfis.
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descrfibed by Jones (1991, 2011, hfis Ffig. 9M).  Many of these spores have one mafin openfing (< 

100 nm) that may be an attachment coflflar.

The caflcfified fiflaments, commonfly found fin the vofids or among fiber caflcfite crystafls, 

fincflude three morphoflogficafl types.  Type I and Type II are non-branchfing fiflaments that are at 

fleast 15 μm flong and up to 1 μm fin dfiameter (Ffig. 4-7M, 4-7N).  Foflflowfing the descrfiptfions of 

the retficuflate fiflaments found on the Cayman Isflands (Jones, 1991, 2009, 2010b, 2011), Type I 

fis characterfized by dfiamond and spfirafl chambers (Ffig. 4-7M), whereas Type II fis characterfized 

by fisoflated surface spfines (Ffig. 4-7N).  Type III, up to 1 mm flong and 1~2 μm fin dfiameter, fis a 

branchfing fiflament that has been compfletefly repflaced by euhedrafl caflcfite crystafls (Ffig. 4-7O).

The morphoflogficafl attrfibutes of those spores and fiflaments are consfidered to be taxa-

specfific because the dfifferent types are commonfly fintertwfined wfith each other.  Based on 

morphoflogficafl features, the spores and fiflaments found fin sfinkhofles are sfimfiflar to those found fin 

cave pearfls (Jones, 2009), fin notch spefleothems (Jones, 2010a), cave spefleothems (Jones, 2010b) 

and terrestrfiafl oncofids (Jones, 2011).  Those spores have been aflflfied wfith actfinomycetfid spores 

(e.g., Tresner et afl., 1961; Dfietz and Mathews, 1969, 1971; Mfiyadoh et afl., 1997), whereas the 

taxonomfic affinfity of fiflamentous mficrobes remafins open to debate. 

5.2.2. Breccfia

Many of the sfinkhofles are fiflfled wfith varfious types of breccfia (Ffig. 4-3D, 4-3F, 4-3G, 

4-5).  The flfithocflasts are formed of doflostone or flfimestone.  The flfimestone flfithocflasts are further 

dfivfided, based on coflor, finto whfite and bflack/gray types.  The flfimestone matrfices are dfivfided on 

the basfis of coflor finto whfite, red, and orange.  The whfite flfimestone matrfices are further dfivfided 

finto the skefletafl and oncofid types.  Dfifferent combfinatfions of flfithocflasts and matrfices gfive rfise to 

a dfiverse array of breccfias.  

The sub-anguflar to sub-rounded whfite doflostone flfithocflasts, up to 6 cm flong and 4 cm 

wfide, (Ffig. 4-3G) are formed of very finefly crystaflflfine doflomfite and commonfly characterfized by 

numerous fossfifl moufldfic cavfitfies after corafls, bfivaflves, foramfinfifera, and/or red aflgae (Ffig. 4-9A).  

Some of the doflostone flfithocflasts are coated wfith bflack, Mn-rfich flamfinated crusts that are up to 1 
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Ffig. 4-9. Thfin sectfion mficrophotographs showfing petrographfic features of breccfias fin sfinkhofles. 

Locaflfity codes as for Ffigure 4-1. (A) Coated doflostone flfithocflast.  Locaflfity HRQ. (B) 

Skefletafl whfite flfimestone flfithocflasts (above yeflflow arrows) fin the skefletafl whfite flfimestone 

matrfix (beflow yeflflow arrows). Locaflfity EEP. (C) Mficro-fabrfics fin skefletafl bflack flfimestone 

flfithocflast. Note corafls (C) and pseudomorphficaflfly repflaced foramfinfifera (F). Locaflfity EEP. 

(D) Mudstone (rfight) and fintercflast packstone (fleft) fin bflack flfimestone flfithocflast. Locaflfity 

EEP. (E) Unafltered bfiofragments, derfived flargefly from red aflgae (R), fin skefletafl whfite 

flfimestone matrfix. Locaflfity EEP.  (F) Oncofid whfite flfimestone matrfix beflow rootcrete. Note 

some oncofid grafins have fleached bfiofragments as thefir nucflefi. Locaflfity EEP. (G) Mficro-

fabrfics fin orange flfimestone matrfix showfing peflofids (bflack arrows), SQW. (H) Mficro-fabrfics 

fin red flfimestone matrfices showfing peflofids (bflack arrows). Locaflfity EEP. 
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cm thfick (Ffigs. 4-3F, 4-3G, 4-9A).  Each flamfina, up to 0.5 mm thfick, mfimfics the morphoflogy of 

the host flfithocflast.  

The whfite flfimestone flfithocflasts fincflude skefletafl packstones to grafinstones and oncofid 

grafinstones.  The skefletafl packstone to grafinstone flfithocflasts, up to 10 cm flong and 4 cm wfide, 

fincflude bfiofragments derfived from corafls, foramfinfiferas, and bfivaflves (Ffig. 4-9B).  Aflfl of these 

bfiofragments have been fleached and then fiflfled wfith caflcfite cement.  The oncofid grafinstone 

flfithocflasts, 2 to 5 mm flong, are formed of spherficafl to subspherficafl terrestrfiafl oncofids (up to 

0.5 mm fin dfiameter) that are each characterfized by a nucfleus and a vaguefly flamfinated cortex.  

SEM and EDX anaflyses show that the oncofids are flargefly formed of mficrfite, aflong wfith trace 

amount of cflay mfinerafls, Mn, and Fe.  The bflack to dark gray flfimestone flfithocflasts (Ffig. 4-3D) 

are dfivfided finto skefletafl packstones to grafinstones and mudstone.  The skefletafl packstone to 

grafinstone flfithocflasts, up to 3 cm flong and 2 cm wfide, contafin bfiofragments up to 1.5 cm flong 

derfived from corafls, foramfinfifera, and bfivaflves that have aflfl been fleached and then cemented by 

caflcfite (Ffig. 4-9C).  The gray/bflack mudstone flfithocflasts, whfich are up to 8 cm flong and 4 cm 

wfide, contafin scattered gastropods and bfivaflves (Ffig. 4-9D).  In most breccfias, these gray/bflack 

flfimestone flfithocflasts are fintermfixed wfith the skefletafl whfite flfimestone flfithocflasts (Ffig. 4-3D).  

Besfides the obvfious dfifference fin coflor, the skefletafl whfite flfithocflasts are generaflfly flarger and 

more rounded than the gray/bflack flfithocflasts.  

The matrfices fin the breccfias are formed of whfite, red, or orange flfimestone.  The 

whfite flfimestone fis dfivfided finto skefletafl packstones to grafinstones and oncofid grafinstones.  

Bfiofragments fin the skefletafl whfite flfimestones were derfived from red aflgae, foramfinfifera, corafls, 

bfivaflves, gastropods, and echfinofids (Ffig. 4-9E).  The bfiofragments, up 2 mm flong and 1.5 mm 

wfide, are typficaflfly encased by a mficrfite enveflope (Ffig. 4-9E).  The red aflgae, foramfinfifera, 

and echfinofids are commonfly weflfl preserved wfith many of the bfivaflves and gastropods stfiflfl 

befing formed of aragonfite.  In matrfices formed of whfite oncofid grafinstones, the spherficafl 

to subspherficafl terrestrfiafl oncofids are 0.2 to 3 mm fin dfiameter, wfith some havfing fleached 

foramfinfifera or sheflfl fragments as thefir nucfleus (Ffig. 4-9F).  Based on SEM and EDX anaflyses, 
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the vaguefly flamfinated cortfices are formed of mficrfite aflong wfith trace amount of cflay mfinerafls, 

Mn, and Fe.  The surfaces of these oncofids are smooth or crenuflated.  

In prevfious studfies (Jones and Smfith, 1988; Jones, 1992b) the orange and red flfimestones, 

were caflfled “flfithfified terra rossa” because they had the appearance of “sofifl” and were akfin to 

the terra rossa that fis found fin many modern sfinkhofles on the fisfland (Ffig. 4-3H).  XRD anaflysfis 

of these rocks showed, however, that they are formed flargefly of caflcfite (> 98%) and onfly mfinor 

amounts of doflomfite, quartz, and fefldspars.  No cflay mfinerafls were detected by XRD anaflysfis.  

Thus, they are herefin defined as flfimestone rather than flfithfified terra rossa.  

The red and orange flfimestones are petrographficaflfly sfimfiflar wfith both befing formed flargefly 

of peflofids that are hefld fin spar caflcfite cement (Ffig. 4-9G, 4-9H).  The sub-spherficafl to eflflfiptficafl 

peflofids, 0.1 mm to 1.2 cm fin dfiameter, commonfly contafin sheflfl fragments derfived from bfivaflves 

and/or gastropods.  Foramfinfifera are common fin the red flfimestones, whereas aragonfitfic bfivaflve 

fragments and gastropods are common fin the orange flfimestone.  Aflthough formed flargefly of 

mficrfite, SEM and EDX anaflyses show that the peflofids aflso contafin mfinor amounts of cflay, 

doflomfite, quartz, and fefldspars.  The cflay, whfich fis probabfly chorfite, fis fidentfified based on the 

bfladed morphoflogy of the crystafls (< 2 μm flong) that are formed of Afl, Fe, and Sfi and trace 

amounts of K (Ffigs. 4-10, 4-11A, 4-11B).  Chflorfite has aflso been reported from bauxfitfic sofifls 

found on the Cayman Isflands (Ahmad and Jones, 1969).  SEM and EDX anaflyses findficate that (1) 

the red flfimestone typficaflfly contafins more chflorfite than the orange flfimestone, (2) the cflay crystafls 

fin the red flfimestone (Ffig. 4-10D) seem to be flarger (up to 2 μm) than those fin orange flfimestone (up 

to 1 μm) (Ffig. 4-10B), (3) quartz and fefldspar are more common fin the red flfimestones than the 

orange flfimestones, and (4) the amount of Afl fis sfimfiflar to that of Sfi fin the orange flfimestones (Ffig. 

4-11A) but much flower than Sfi fin the red flfimestones (Ffig. 4-11B). 

5.2.3. Spefleothemfic caflcfite

Vofids (up to 1 cm wfide and 3 cm flong) or fractures (up to 1.5 cm wfide) fin the sfinkhofle-

fiflflfing deposfits are commonfly flfined or fiflfled wfith brown spefleothemfic caflcfite.  Lfike the flowstone 

coverfing the surface of the caves fin the Cayman Formatfion (Smfith, 1987; Jones and Smfith, 
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Ffig. 4-10. SEM photomficrogaphs of mficro-fabrfics fin orange and red flfimestones. Locaflfity codes 

as for Ffigure 4-1. Bflack cfircfles flabefled E6 and E7 findficate flocatfions of EDX anaflyses shown 

fin Ffigure 4-11. (A) Peflofid fin orange flfimestone matrfix. Locaflfity EEP. Bflack square findficates 

flocatfion of panefl (B). (B) Chflorfite fin orange flfimestone matrfix. Locaflfity EEP. (C) Chflorfite 

fin red flfimestone matrfices. Locaflfity HRQ. Bflack square findficates flocatfion of panefl D. (D) 

A pflaty chflorfite crystafl. Locaflfity HRQ. Note that chflorfite fin red flfimestone matrfices fis finer 

than that fin red flfimestone matrfices. 
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Ffig. 4-11. EDX anaflyses for chflorfite fin red and orange flfimestones.  See Ffigure 4-10 for precfise 

flocatfions of each anaflysfis.
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1988), the fibrous caflcfite fis banded.  Its precfipfitatfion conforms to the shape of the cavfity.  In 

some cases, doflostone flfithocflasts are found finsfide the speflethemfic caflcfite (Jones, 1987; Jones, 

1992b). 

5.3. Oxygen and carbon stabfle fisotopes

The δ18O and δ13C vaflues obtafined from the dfifferent components of the sfinkhofle-fiflflfing 

deposfits can be framed agafinst the δ18O and δ13C trends that are known from the flfimestones of 

the Ironshore Formatfion, the caflcareous crusts that formed on the unconformfitfies fin the Ironshore 

Formatfion, the doflostones from the Cayman Formatfion, and the flfimestones and doflostones from 

the Pedro Castfle Formatfion (Ffig. 4-12).  

The negatfive δ18O and δ13C vaflues obtafined from the rootcretes, flfimestone flfithocflasts, 

caflcfite cement fin the host doflostones and doflostone flfithocflasts, whfite flfimestone matrfices, and 

spefleothemfic caflcfite foflflow the same δ18O-δ13C trend, whfich fis characterfized by a wfide range 

of δ13C vaflues and a narrow range of δ18O vaflues (Ffig. 4-12).  Compared to flfimestones from the 

Ironshore Formatfion, most sampfles fin thfis group yfieflded more negatfive δ13C vaflues, rangfing 

from -4.4 to -11.6 ‰.  In contrast, the δ18O vaflues that range from -6.4 to -2.6 ‰, are compatfibfle 

wfith those obtafined from the flfimestones fin the Ironshore Formatfion.  The δ18O and δ13C fin 

the caflcfite (mficrfite and mficrospar) that forms the rootcretes tend to vary between flocaflfitfies.  

Rootcretes from flocaflfity HRQ, for exampfle, have more posfitfive δ18O (average -3.5 ‰) vaflues 

than those from flocaflfity EEP (average -4.6 ‰) and flocaflfity SQW (average -5.4 ‰).  The δ13C 

vaflues fin rootcretes from HRQ (average -8.1 ‰,) are akfin to those from SQW (average -9.2 

‰) but are more posfitfive than those from EEP (average -10.5 ‰).  Irrespectfive of flocatfion, 

there does not seem to be any trend fin the fisotope vaflues from the base to the top of findfivfiduafl 

rootcrete crusts.  

The δ18O and δ13C fin the skefletafl whfite flfimestone flfithocflasts, the skefletafl whfite flfimestone 

matrfices, and the oncofid flfithocflasts and matrfices aflfl faflfl fin the ranges of -5.5 to -3.6 ‰ and -11.3 

to -4.4 ‰, respectfivefly.  The two types of bflack flfimestone flfithocflasts yfieflded sfimfiflar δ18O and 

δ13C vaflues that faflfl fin the ranges of -5.7 to -4.5 ‰ and -11.1 to -6.5 ‰, respectfivefly.  Compatfibfle 
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Ffig. 4-12. Cross-pflot of δ18O versus δ13C for sfinkhofle-fiflflfing deposfits, Mfiocene-Pflfiocene 

flfimestones and doflostones.
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wfith spefleothemfic caflcfite that flfines the vofids and fractures fin sfinkhofle-fiflflfing deposfits, caflcfite 

cement fin the host doflostones and doflostone flfithocflasts yfieflded δ18O and varfiabfle δ13C vaflues that 

varfied from -6.2 to -4.1 ‰ and from -11.3 to -4.9 ‰, respectfivefly. 

The negatfive δ18O and δ13C vaflues fin the red and orange flfimestone matrfices are 

characterfized by varfiabfle δ18O and δ13C that vary from -5.8 to -0.8 ‰ and -11.4 to -8.4 ‰ (Ffig. 

4-12), respectfivefly.  The δ18O vaflues are consfistent wfith those obtafined from the flfimestones of 

the Ironshore Formatfion.  In contrast, the δ13C vaflues, whfich are much flower than those obtafined 

from the flfimestones of the Ironshore Formatfion, are compatfibfle wfith the δ13C vaflues obtafined 

from the rootcretes.  

5.4. Trace eflements and REE concentratfion 

Except for Mn and Sr, the hfighest concentratfions of trace eflements and REE are fin the 

red and orange flfimestones, whereas the flowest concentratfions are fin the host doflostones.  

Compared to the host doflostone and other sfinkhofle-fiflflfing deposfits, the rootcrete contafins hfigher 

concentratfions of Mn but flower concentratfions of Sr.  In the sfinkhofle-fiflflfing deposfits, there fis a 

posfitfive correflatfion between the Afl and REE concentratfions (∑REE), between the Fe and ∑REE, 

and between the Mn and ∑REE (Ffig. 4-13).  

The red and orange flfimestone matrfices have dfifferent concentratfions of Afl and Ca but 

sfimfiflar Mn and Fe contents.  The red flfimestone, for exampfle, has hfigher Afl (2533 to 4162 ppm, 

average 3088 ppm) than the orange flfimestone (1942 to 2586 ppm, average 2313 ppm).  The Ca 

content of the red flfimestone (274621 to 322890 ppm, average 299246 ppm), fis flower than that fin 

the orange flfimestone (317138 to 349450 ppm, average 338144 ppm). 

The ∑REE+Y fin the flfithocflasts, whfite flfimestone matrfices, and spefleothemfic caflcfite found 

fin sfinkhofles ranges from 0.3 to 20.0 ppm (average 8.1 ppm), whereas the ∑REE+Y of the red 

and orange flfimestone matrfices varfies from 21.5 to 77.6 ppm (average 46.1 ppm).  The ∑REE+Y 

of rootcrete, fin contrast, varfies from 1.2 to 307.1 ppm (average 35.1 ppm).  

The PAAS-nomaflfized REE+Y dfistrfibutfion patterns derfived from aflfl types of flfithocflasts, 

whfite flfimestone matrfices and spefleothemfic caflcfite are dfifferent from those derfived from the 
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rootcrete, and the red and orange flfimestones.  Lfike the Neogene flfimestones and doflostones and 

Pflefistocene flfimestones, aflfl of the flfithocflasts, whfite flfimestone matrfices and spefleothfic caflcfite are 

heavy-REE (HREE) enrfiched (Ffig. 4-14).  Thefir La/Yb and Sm/Yb ratfios vary from 0.2 to 0.7 

(average 0.5) and from 0.7 to 1.0 (average 0.8), respectfivefly (Ffig. 4-15).  These vaflues are akfin 

to those obtafined from the Neogene flfimestones and doflostones and Pflefistocene flfimestones, whfich 

yfieflded La/Yb ratfios of 0.2 to 0.7 (average 0.4) and Sm/Yb ratfios of 0.3 to 1.0 (average 0.7).  

Rootcretes and the red and orange flfimestones are fless enrfiched fin HREE but reflatfivefly more 

enrfiched fin flfight-REE (LREE) than other sfinkhofle-fiflflfing deposfits, the Neogene flfimestones and 

doflostones, and the Pflefistocene flfimestones (Ffig. 4-14).  The La/Yb (0.1 to 1.0, average 0.5) and 

10 

100 

1000 

10000 

0 1 10  100 1000 

Afl 
c
o
nc
e
nt
r
atfi
o
n 
(
p
p
m fi
n 
a fl
o
g
ar
fit
h
mfi
c 
sc
afl
e)
 

REE concentratfion (ppm) 

10 

100 

1000 

10000 

0 1 10  100 1000 

F
e 
c
o
n
c
e
nt
r
at
fi
o
n 
(
p
p
m 
fi
n 
a 
fl
o
g
ar
fit
h
mfi
c 
s
c
afl
e)
 

REE concentratfion (ppm) 

1.0 

10.0 

100.0 

1000.0 

10000.0 

0 1 10  100 1000 

M
n 
c
o
nc
e
nt
r
atfi
o
n 
(
p
p
m fi
n 
a fl
o
g
ar
fit
h
mfi
c 
sc
afl
e)
 

REE concentratfion (ppm) 

A

B

C

Host doflostone from Cayman Formatfion (n=11) 

Uncoated cflast (n=4)

Skefletafl whfite (n=4)

Oncofid whfite (n=1)

Bflack (n=4)

Skefletafl whfite flfimestone (n=6)

Oncofid whfite flfimestone (n=3)

Red flfimestone (n=6)

Orange flfimestone (n=3)

Rootcrete (n=34)

Mn-coated cflast (n=2)

Doflostone
flfithocflasts

Lfimestone
flfithocflasts

Matrfices

Spefleothemfic caflcfite (n=3)

y = 126.8x
R  = 0.8

0.9

2

y = 199.8x
R  = 0.5

0.5

 2

y = 26.7x
R  = 0.4

0.6

2

Ffig. 4-13. Cross pflots showfing reflatfionshfip between ∑REE of sfinkhofle-fiflflfing deposfits and Afl (A), 

Mn (B) and Fe (C).
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Sm/Yb (0.6 to 1.2, average 0.9) ratfios obtafined from the rootcrete are sfimfiflar to those from the 

red and orange flfimestones (Ffig. 4-15).  

Wfith respect to La/Yb and Sm/Yb ratfios, the rootcretes, and the red and orange flfimestones 

foflflow the same trend, whfich fis dfifferent to from the trend derfived from the Neogene flfimestones 

and doflostones and Pflefistocene flfimestones found on the Cayman Isflands (Ffig. 4-15).  Compared 

to the flatter group, the sampfles obtafined from the rootcretes and the red and orange flfimestone 

matrfices typficaflfly yfieflded hfigher Sm/Yb ratfios but sfimfiflar La/Yb.  The Sm/Yb and La/Yb ratfios 

fin the rootcretes and the red and orange flfimestone matrfices are partfly overflap the range of vaflues 

assocfiated wfith the Jamafican terra rossa (Ffig. 4-15).

6. Interpretatfion

6.1. Sequentfiafl deveflopment of vofid-fiflflfing deposfits 

The absoflute age of the vofid-fiflflfing deposfits fis dfifficuflt to determfine because they flack 

fossfifls that aflflow accurate datfing and many of the flfithoflogfies are unflfike any known from the 

stratfigraphfic successfion exposed on Grand Cayman.  Thus, the evoflutfion of the sfinkhofle deposfits 

can onfly be evafluated reflatfive to the each other and reflatfive to the surroundfing bedrock (Tabfle 

4-1).  The presence of doflostone flfithocflasts derfived from the Cayman Formatfion and/or the Pedro 

Castfle Formatfion and the flack of doflomfite fin the rootcrete, flfimestone flfithocflasts, and flfimestone 

matrfices findficates that empflacement of these sfinkhofle-fiflflfing deposfits postdated the flast phase of 

doflomfitfizatfion, whfich took pflace durfing the earfly Pflfiocene hfighstand (3.6-5.0 Ma), accordfing to 

Zhao and Jones (2012, 2013).

Sfinkhofles, whfich are common features fin areas where the Cayman Formatfion fis exposed, 

can be open or fiflfled wfith a varfiety of deposfits (Ffig. 4-3).  The contrast between open and fiflfled 

sfinkhofles findficates that the deveflopment of sfinkhofles fis probabfly an ongofing process, wfith some 

of them now befing actfivefly fiflfled by floose doflostone flfithocflasts derfived from surroundfing host 

doflostones of the Cayman Formatfion (Ffig. 4-3).

The formatfion of rootcrete and deposfitfion of the flfimestone matrfices were repeated many 
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Tabfle 4-1. Sequentfiafl deveflopment of sfinkhofle-ffiflflfing deposfits assocfiated wfith the exposed Cayman Formatfion 

Component Numbers of 
epfisodes 

Provenance Age  Evfidence Actfive 
today  

Reference 

Sfinkhofle Mufltfipfle  Post flate 
doflomfitfizatfion  

 Yes  Jones and Smfith, 1988 
Jones, 1992b 

Rootcrete Mufltfipfle In sfitu growth Post flate 
doflomfitfizatfion 

No doflomfite Probabfly  Jones, 1992b 
Aflonso-Zarza and Jones, 2007 

Doflostone 
flfithocflasts 

Numerous 
and ongofing  

Cayman Formatfion 
or Pedro Castfle 
Formatfion 

Mfiddfle 
Mfiocene or 
Earfly Pflfiocene 

Same 
flfithoflogfies 
as fin 
Cayman 
Formatfion 
and Pedro 
Castfle 
Formatfion 

Yes Jones, 1992b 

Skefletafl whfite 
and bflack 
flfimestone 
flfithocflasts 

Probabfly one Unknown marfine 
carbonate 

Late Pflfiocene 
to Pflefistocene 

Lfithoflogy 
unflfike any 
bedrock fin 
area 

No  Jones and Kahfle, 1985 
Jones, 1992b 

Skefletafl whfite 
matrfices 

At fleast two Marfine skefletafl 
deposfits, but not the 
Ironshore 
Formatfion fitseflf 

Pflefistocene or 
modern 

Weflfl 
preserved 
fossfifls, 
poorfly 
consoflfidated 

Yes  Jones, 1992b 

Oncofid whfite 
flfimestone 
matrfices and 
flfithocflasts 

At fleast two Terrestrfiafl  Post 
doflomfitfizatfion 

Terrestrfiafl 
oncofids 
cemented 
by caflcfite 

No  Jones, 1991 
Jones, 1992b 
Jones, 2011 

Red and orange 
flfimestone 
matrfices 

At fleast two In sfitu 
precfipfitatfion, mfixed 
traces of sofifl 

Pflefistocene Aragonfitfic 
gastropods 
and bfivaflves 
not fleached 

No  Ahmad and Jones, 1969 
Jones and Smfith, 1988 
Jones, 1992b 

 

Tabfle 4-1. Sequentfiafl deveflopment of sfinkhofle-fiflflfing deposfits assocfiated wfith the exposed 

Cayman Formatfion

tfimes.  Rootcrete, for exampfle, fis present between the host doflostones and the sfinkhofle-fiflflfing 

deposfit, or between dfifferent types of sfinkhofle-fiflflfing deposfits (Ffig. 4-5).  Sfimfiflarfly, matrfices 

formed of skefletafl and oncofid whfite flfimestone were deposfited at many dfifferent tfimes.  Some 

of the whfite flfimestone matrfices that overflfie the host doflostones, for exampfle, were subsequentfly 

truncated by rootcrete, whereas other flfimestones formed after many of the rootcretes (Ffig. 4-5).  

The poorfly consoflfidated nature of these matrfices wfith thefir weflfl-preserved aragonfitfic fossfifls 

findficates that they probabfly formed when the flfimestones of the Ironshore Formatfion were befing 

deposfited and/or as a resuflt of reflatfivefly modern deposfitfion assocfiated wfith storms (Tabfle 4-1).  

The age of the oncofid whfite flfimestone matrfices fis not known and coufld even be formfing today.  

Today, floose doflostone flfithocflasts found fin many of the open sfinkhofles came from the 

surroundfing Cayman Formatfion (Ffig. 4-3E).  Sfimfiflarfly, most of the whfite doflostone flfithocflasts 

the flfithfified breccfias probabfly came from the Cayman Formatfion (Tabfle 4-1).  It fis possfibfle, 
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however, that some coufld have come from the Pedro Castfle Formatfion (Tabfle 4-1) that once 

covered thfis part of the fisfland.  

The bflack and skefletafl whfite flfimestone flfithocflasts, whfich are of marfine orfigfin, cannot be 

reflated to any of bedrock successfion that fis exposed on the Cayman Isflands today.  Thus, fit seems 

that these flfithocflasts were derfived from strata that have sfince been removed by erosfion.  Thfis 

suggestfion fis feasfibfle gfiven that that the perfiod between deposfitfion of the sedfiments fin the Pedro 

Castfle Formatfion (earfly-mfiddfle Pflfiocene) and the finfitfiatfion of the sedfimentatfion for the Ironshore 

Formatfion (500-600 ka) (Jones et afl., 1994b; Wfignaflfl, 1995; Vézfina, 1997; Zhao and Jones, 

2013; Lfiang and Jones, 2014) was characterfized by oscfiflflatfing sea flevefls (Dowsett and Cronfin, 

1990; Mfiflfler et afl., 2005, 2011, 2012b; Dwyer and Chandfler, 2009; Sosdfian and Rosenthafl, 

2009).  Deposfitfion durfing one of the sea flevefl hfighstands may have produced flfimestones that 

were removed by erosfion durfing subsequent flowstands.  Thus, the bflack and skefletafl whfite 

flfimestone flfithocflasts may have been derfived from sequences that were 3.6 Ma to 500-600 ka ofld 

(Tabfle 4-1).  

6.2. Rootcrete

The foflflowfing features findficate a bfioflogficafl, non-marfine orfigfin for the rootcrete.

•  The presence of numerous spores and fiflaments (Aflonso-Zarza and Jones, 2007), 

•  The presence of caflcfified root ceflfls fin some of the rootcrete (Aflonso-Zarza and Jones, 2007, 

thefir Ffig. 5). 

•  The presence of aflveoflar-septafl structures (Ffig. 4-6E), whfich are commonfly assocfiated wfith 

pflant roots (Kflappa, 1978, 1979; Wrfight, 1986; Wrfight et afl., 1988; Armenteros and Dafley, 

1998).  

•  The varfiabfle sfize of the anhedrafl to subhedrafl mficrfite fin rootcrete findficates that precfipfitatfion of 

the carbonate was probabfly bfiogenficaflfly finduced (Aflonso-Zarza, 1999).   

•  The presence of needfle fiber caflcfite (NFC), whfich has been attrfibuted to physficochemficafl and 

bfioflogficafl processes.  The finorganfic processes woufld have finvoflved soflutfions that were 

supersaturated wfith respect to CaCO3 (James, 1972; Rfiche et afl., 1982; Jones and Peng, 
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2014), whereas bfioflogficafl processes have generaflfly been attrfibuted to pflant root and/or 

fungafl actfivfity (Harrfison, 1977; Caflvet and Juflfiá, 1983; Caflflot et afl., 1985a, 1985b; Phfiflflfips 

and Seflf, 1987).  

•  The vofids fin the aflveoflar-septafl structures are commonfly fiflfled wfith peflofids.  The peflofids may 

be reflated to roots or the actfivfity of mficroorganfisms that are assocfiated wfith pflant roots 

(Caflvet and Juflfiá, 1983; Jones and Squafir, 1989; Aflonso-Zarza, 1999, 2003; Mfiflfler and 

James, 2012).

•  The flack of marfine fossfifls.

•  The homogenous δ18O and varfiabfle δ13C of the Cayman rootcretes, whfich are consfistent wfith 

meteorfic dfiagenesfis fin the vadose zone (Meyers and Lohmann, 1985; Lohmann, 1988).  

The flack of posfitfive covarfiance between the δ18O and δ13C fin the rootcretes findficates that 

evaporatfion was not finvoflved fin the formatfion of the rootcretes.  

Varfious features assocfiated wfith the rootcretes, such as the caflcfified root ceflfls and aflveoflar-

septafl structures findficate that the rootcretes probabfly formed around the roots when the pflants 

were aflfive.  After the decay of the pflants, the rootcrete remafins wfith the crust foflflowfing 

the outflfine the cavfity that devefloped whfifle the pflants were aflfive.  The rootcrete forms an 

fimpermeabfle barrfier that woufld have fimpeded flufid drafinfing from the surface, fincfludfing rafinfaflfl 

and acfids produced by the pflants, whfich fis sfimfiflar to the sfituatfion assocfiated wfith rhfizogenfic 

caflcrete horfizons (Goudfie, 1983; Refimann and de Carfitat, 1998). 

Lamfinar caflcrete, whfich forms fin the sofifl profifle under bfiogenfic controfl of pflant roots 

and thefir assocfiated mficroorganfisms (Kflappa, 1980; Wrfight et afl., 1988, 1995; Aflonso-Zarza, 

1999), deveflops through fin sfitu aflteratfion of the host rock (e.g., James, 1972; Goudfie, 1973; 

Arakefl, 1982) and/or accretfionary bufifld-up (e.g. Wrfight et afl., 1988, 1995; Lfi and Jones, 2014).  

For rootcrete, the fin sfitu aflteratfion modefl fis dfiscounted because the rootcrete fis formed flargefly 

of caflcfite, whereas the host rock fis formed of doflostone.  As noted by Aflonso-Zarza and Jones 

(2007), the accretfion modefl fis more feasfibfle gfiven that the varfious mficroorganfisms contrfibute 

to the rootcrete formatfion by (1) bfindfing detrfitafl mficrfite onto the substrate, (2) actfing as nucflefi 
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for caflcfite precfipfitatfion, and (3) modfifyfing the flocafl mficroenvfiroment so that mficrfite can be 

precfipfitated.  Mfinor amounts of chflorfite, fefldspar, quartz, and zeoflfites, whfich were probabfly of 

detrfitafl orfigfin, became fincorporated finto the rootcrete durfing these accretfionary processes.  The 

fincorporatfion of these mfinerafls are probabfly responsfibfle for the flarge varfiatfions fin the ∑REE+Y, 

the correflatfions between ∑REE and Fe, Mn, and Afl, the HREE-enrfiched REE+Y patterns, and 

the La/Yb and Sm/Yb vaflues that are dfifferent from the Cenozofic carbonates found on the 

Cayman Isflands (Ffigs. 4-13, 4-14, 4-15).  The Mn found fin the rootcrete fis probabfly reflated to 

bfioflogficafl actfivfity (Jones, 1992a). 

6.3. Breccfia

6.3.1. Lfithocflasts

The whfite doflostone flfithocflasts, wfith thefir fossfifl-moufldfic porosfity, are comparabfle wfith the 

doflostones found fin the Cayman Formatfion and the Pedro Castfle Formatfion.  Thfis suggestfion fis 

further supported by (1) the stabfle fisotopes from the doflomfite that foflflows the same δ18O-δ13C 

trend as the doflostones from these formatfions (Ffig. 4-12), and (2) REE+Y patterns and La/Yb 

and Sm/Yb ratfios that are akfin to those fin the doflostones from these formatfions (Ffigs. 4-14, 4-15).  

Most of these flfithocflasts seem to have been derfived from the Cayman Formatfion. 

The composfitfion and mficrofabrfics of the Mn-rfich coatfings found around some of the 

doflostone flfithocflasts fis fidentficafl to the Mn-rfich coatfings evfident fin the rootcretes, suggestfing that 

thefir formatfion was aflso reflated to root actfivfity.

The skefletafl whfite and bflack skefletafl flfimestone flfithocflasts, whfich contafin numerous fossfifls 

(e.g., corafls, foramfinfifera), are cflearfly of marfine orfigfin.  The bflack mudstone flfithocflasts are 

probabfly aflso of marfine orfigfin because (1) some flfithocflasts are formed of fintercaflated mudstone 

and skefletafl flfimestone (Ffig. 4-9D), and (2) the REE+Y sfignatures of the mudstones are sfimfiflar to 

those obtafined from the skefletafl flfimestone flfithocflasts.  Thfis fis contrary to opfinfion of Jones (1992b) 

who suggested that the bflack mudstone may have orfigfinated fin fresh- to brackfish-water ponds.  

The bflack and skefletafl whfite flfimestone flfithocflasts are fintermfixed wfith each other, findficatfing 
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that they probabfly orfigfinated from contemporary flfimestone deposfits.  There are, however, 

no counterparts to these flfithoflogfies fin the bedrock successfion that fis now exposed on Grand 

Cayman.  The flfimestones flayers from whfich these flfithocflasts came were probabfly removed by 

erosfion durfing perfiods of subaerfiafl exposure. 

The bflack coflor of carbonate flfithocflasts has been attrfibuted to (1) fimpregnatfion by Fe or Mn 

suflfides (Sugden, 1966; Mafikflem, 1967; Wrfight, 1986), (2) forest fires (Barthefl, 1974; Strasser, 

1984; Shfinn and Lfidz, 1988), or (3) dfissoflved, coflflofidafl or very finefly partficuflate organfic matter 

that formed under pedogenfic condfitfions, fincfludfing organfic rfich tfidafl and flacustrfine envfironments, 

mficrobfiafl communfitfies, and decayed terrestrfiafl pflants (Ward et afl., 1970; Foflk et afl., 1973; 

Strasser and Davaud, 1983; Strasser, 1984; Lefinfeflder, 1987; Lang and Tuccfi, 1997, Mfiflfler et afl., 

2013).  On the Cayman Isflands, dfiscofloratfion due to Fe and Mn fimpregnatfion seems unflfikefly 

because no pyrfite was found fin the crusts and the Fe and Mn contents are sfimfiflar to those of 

whfite host doflostones.  Bflackenfing of carbonates by forest fires requfires temperatures between 

400 and 500°C (Shfinn and Lfidz, 1988; Vera and de Cfisneros, 1993).  Aflthough possfibfle for the 

Cayman flfithocflasts, there fis no dfirect evfidence to support thfis possfibfiflfity because flarge forest 

fires are rare on Grand Cayman and any that do occur are of short duratfion.

 The pedogenfic-meteorfic dfiagenetfic modefl seems to be the most feasfibfle expflanatfion 

for the bflack flfimestone flfithocflasts found on the Cayman Isflands.  The flack of bflack flfimestone 

flfithocflasts fin the sfinkhofles wfithout rootcrete fimpflfies that the envfironment that favored rootcrete 

deveflopment aflso favored the deveflopment of bflack flfimestone flfithocflasts.  The deveflopment 

of rootcrete fis assocfiated wfith decayfing terrestrfiafl pflants, whfich favors organfic stafinfing of 

flfimestones (Krumbefin and Garrefls, 1952; Suess, 1970; Strasser and Davaud, 1983; Strasser, 

1984; Lefinfeflder, 1987; Lang and Tuccfi, 1997; Mfiflfler et afl., 2013).  Organfic matter, however, dfid 

not bflacken aflfl of the flfithocflasts fin the sfinkhofles as many of skefletafl whfite flfimestone flfithocflasts 

remafined whfite.  Hfips et afl. (2011) suggested that bflackenfing by organfic matter fis reflated to 

the presence of unstabfle mfinerafls (e.g., aragonfite and hfigh-Mg caflcfite).  Thfis fis because the 

repflacement of unstabfle mfinerafls woufld provfide the opportunfity for the absorptfion of organfic 
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matter finto the crystafl (Hfips et afl., 2011).  If fit fis assumed that the bflackenfing processes are 

flfinked to the dfiagenetfic aflteratfion of unstabfle mfinerafls, then the whfite flfimestone flfithocflasts must 

have stabfiflfizatfion prfior to the onset of the dfiagenetfic processes responsfibfle for the bflackenfing 

of the flfithocflasts.  Thfis notfion fis supported by (1) the fact that some whfite spots are stfiflfl evfident 

finsfide some of the bflack flfithocflasts, and (2) the δ13C vaflues of the bflack flfimestone flfithocflasts are 

more negatfive than those from the whfite flfimestone flfithocflasts.

The terrestrfiafl oncofids fin the oncofid whfite flfimestone flfithocflasts and oncofid matrfices are 

consfistent wfith those descrfibed by Jones (1991).  The subtfle varfiatfions of the composfitfion of 

oncofids suggest subtfle changes fin fine-grafined detrfitus and the ground water (Jones, 1991).  

6.3.2. Matrfices

The marfine fossfifls and REE sfignatures findficate that the skefletafl whfite flfimestone matrfices 

are of marfine orfigfin.  The presence of aragonfitfic fossfifls suggests that these flfimestone matrfices 

probabfly formed durfing or after the Pflefistocene (Tabfle 4-1).  Gfiven that these flfimestones 

have experfienced meteorfic dfiagenesfis, whfich fis sfimfiflar to the flfimestones from the Ironshore 

Formatfion, the dfifferent δ18O-δ13C trend for these whfite flfimestone matrfices and the flfimestones 

from the Ironshore Formatfion findficates that they probabfly formed at dfifferent tfimes (Ffig. 4-12). 

A terrestrfiafl orfigfin for the oncofid whfite flfimestone matrfices fis suggested by (1) the 

morphoflogficafl and composfitfionafl sfimfiflarfity between these terrestrfiafl oncofids and those descrfibed 

by Jones (1991), and (2) thefir negatfive δ18O and δ13C vaflues, whfich are consfistent wfith meteorfic 

dfiagenesfis fin the vadose zone (Meyers and Lohmann, 1985; Lohmann, 1988).  Jones (1991) 

suggested that terrestrfiafl oncofids were of bfiogenfic orfigfin.  Thus, the envfironment around 

rootcretes woufld be fideafl for thefir deveflopment. 

The red and orange flfimestone matrfices do not appear to be of marfine orfigfin because they 

are characterfized by trace amounts of chflorfite, quartz and fefldspar crystafls, and have dfifferent 

fisotopfic composfitfions and REE sfignatures than the flfimestones from the Ironshore Formatfion.  

The dfifferent coflors are probabfly reflated to varfiatfions fin the carbonate content and the amount 

of detrfitafl quartz, fefldspar, and chflorfite (cf., Porter, 2000; Sun et afl., 2011).  The quartz, fefldspar, 
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and chflorfite were probabfly derfived from afirborne dust, as on other Carfibbean Isflands (e.g., Muhs 

et afl., 1990, 2007; Foos, 1991; Borg and Banner, 1996; Herwfitz and Muhs, 1995; Muhs, 2001; 

Muhs and Budahn, 2009).  The varfiabfle δ18O and homogenous δ13C vaflues of the red and orange 

flfimestone matrfices are consfistent wfith the δ18O-δ13C trend that fis typficaflfly assocfiated wfith 

evaporatfion (Saflomons et afl., 1978; Rossfinsky and Swart, 1993).  Thfis suggests that the red and 

orange flfimestone matrfices may have been the product of fin sfitu precfipfitatfion that was drfiven by 

evaporatfion.  

The ∑REE+Y, the La/Yb ratfios, and the Sm/Yb ratfios from the red and orange flfimestones 

are dfifferent from those obtafined from the Cayman Formatfion, the Pedro Castfle Formatfion, 

and the Ironshore Formatfion (Ffigs. 4-14, 4-15), findficatfing that REE from authfigenfic mfinerafls 

(e.g., Fe- and Mn-oxfides) and/or terrfigenous sedfiment (e.g., Nothdurft et afl., 2004) are probabfly 

finvoflved.  For the red and orange flfimestone matrfices, however, the poor correflatfion between 

∑REE and Fe, between ∑REE and Mn, and between ∑REE and Afl (Ffig. 4-13), findficates 

that there fis flfittfle contamfinatfion from authfigenfic mfinerafls.  Terrfigenous contamfinatfion coufld, 

however, have come from afirborne dust and/or terra rossa that fis present fin some areas of the 

Cayman Isflands (Zhao and Jones, 2013). 

6.4. Spefleothemfic caflcfite

Stabfle fisotope composfitfions findficate that the spefleothemfic caflcfite that coats the waflfls 

of many of the vofids fin the sfinkhofle-fiflflfing deposfits was formed from meteorfic water.  Such 

precfipfitatfion probabfly took pflace at the same tfime as spefleothemfic caflcfite was befing precfipfitated 

fin many of the caves on the Cayman Isflands, probabfly as a resuflt of hfigh rafinfaflfl (Jones and 

Smfith, 1988; Jones, 1992b).    

7. Dfiscussfion

The sfinkhofle-fiflflfing deposfits formed durfing sea-flevefl flowstands whfifle the subaerfiafl 

unconformfitfies were deveflopfing.  On the eastern part of Grand Cayman, sfinkhofle deveflopment 

and fiflflfing have been processes sfince the flate Pflfiocene (~3.6 Ma).  As a resuflt, the type of 
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sfinkhofle-fiflflfing deposfit varfied wfith tfime as flocafl condfitfions changed fin accord wfith sea flevefl and 

cflfimate condfitfions. 

The stabfle fisotope sfignatures of the sfinkhofle-fiflflfing deposfits are sfimfiflar to those obtafined 

from the caflcrete crusts that are found on some of the unconformfity surfaces fin the Ironshore 

Formatfion (Ffig. 4-12).  The δ18O and δ13C vaflues for these sfinkhofle fiflfls, however, are 

sfignfificantfly dfifferent from those that characterfize the flfimestones from the Ironshore Formatfion 

and the doflostones and flfimestones of the Cayman Formatfion and Pedro Castfle Formatfion (Ffig. 

4-12).  Such comparfisons support the notfion that the sfinkhofle-fiflflfing deposfits were subject 

to sfignfificantfly dfifferent dfiagenetfic regfimes that were flargefly medfiated by meteorfic waters.  

Such dfiagenesfis, whfich fis commonfly assocfiated wfith erosfionafl unconformfitfies, fis typficaflfly 

characterfized by evaporatfion and/or bfioflogficafl actfivfity that yfieflds δ18O vaflues from -9 ‰ 

to 3 ‰ and δ13C vaflues from -12 ‰ to 4 ‰ (Taflma and Netterberg, 1983; McKenzfie, 1985; 

Saflomons and Mook, 1986; Aflonso-Zarza, 2003; Aflonso-Zarza and Arenas, 2004).  The fisotopfic 

composfitfions of the Cayman sfinkhofle-fiflflfing deposfits faflfl wfithfin these flfimfits, wfith the δ13C 

vaflues befing near the flfimfit of -12 to -13 ‰ known for sofifl carbonates (Cerflfing, 1984; Burns et 

afl., 1989; Aflonso-Zarza, 1999).  Such comparfisons aflso findficate that bfiogenfic factors pflayed an 

fimportant rofle fin the formatfion of sfinkhofle-fiflflfing deposfits.  The rootcrete offers cflear evfidence 

of such bfiogenfic processes. 

For terrestrfiafl deposfits, the rare earth eflements La (LREE), Sm (MREE), and Yb (HREE) 

have commonfly been used as findficators of provenance and to compare dfifferent deposfits (Nakafi 

et afl., 1993; Cflfift et afl., 2005; Muhs et afl., 2007; Muhs and Budahn, 2009).  The La/Yb and Sm/

Yb ratfios for the sfinkhofle-fiflflfing deposfits on Grand Cayman pflot aflong a dfifferent trend flfine 

than that derfived from the Mfiocene doflostones, the Pflfiocene flfimestones and doflostones, and 

the Pflefistocene flfimestones (Ffig. 4-15).  Aflthough pflottfing aflong the same trend flfine as for the 

Jamafican terra rossa, the Cayman sfinkhofle-fiflflfing deposfits and Jamafica terra rossa onfly partfly 

overflap (Ffig. 4-15).  These comparfisons further emphasfis that the sfinkhofle-fiflflfing deposfits 

evoflved fin a dfifferent manner than the Neogene and Pflefistocene marfine carbonates. 
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Durfing perfiods of subaerfiafl exposure, varfiatfions fin flocafl cflfimate (e.g., rafinfaflfl, temperature, 

storms) woufld have had a major fimpact on the deposfits that accumuflated fin the sfinkhofles.  The 

formatfion and accumuflatfion of bflack flfimestone flfithocflasts, doflostone flfithocflasts coated wfith 

bflack, Mn-rfich flamfinae, coated grafins, aeoflfian sedfiments and rootcretes, for exampfle, probabfly 

took pflace durfing perfiods when semfi-arfid cflfimate prevafifled (Wrfight, 1994; D’Argenfio and 

Mfindszenty, 1995; Kosfir, 2004; Mfiflfler et afl., 2012a, 2013; Brflek et afl., 2013).  In contrast, 

precfipfitatfion of the spefleothemfic caflcfite requfired wet cflfimates (Jones, 1992b; Mfiflfler et afl., 

2012a).  Compared to other sfinkhofle-fiflflfing deposfits, the red and orange flfimestone matrfices 

yfieflded hfigher δ18O vaflues (Ffig. 4-12), findficatfing that the meteorfic water finvoflved fin thefir 

deveflopment had probabfly undergone more evaporatfion (cf., Lfi and Jones, 2014).  Storm waves 

were aflso fimportant because they commonfly transported marfine sedfiments from the shaflflow, 

offshore flagoons on fland and finto the sfinkhofles (Jones, 1992b; Ng et afl., 1992). 

Pflant roots pflayed an fimportant rofle fin the deveflopment of the deposfits found fin the 

sfinkhofles.  As wfith rhfizogenfic caflcrete horfizons (Mutfler and Hoffmefister, 1968; Kflappa, 1980; 

Jones, 1988; Jones and Ng, 1988; Wrfight, 1994; Kosfir, 2004; Aflonso-Zarza and Jones, 2007), the 

roots (1) acceflerated bedrock weatherfing, (2) penetrated finto the substrate and thereby fincreased 

porosfity and permeabfiflfity, (3) created flufids supersaturated wfith respect to CaCO3, (4) acted as 

centers of caflcfificatfion, and (5) provfided substrates and nutrfients for symbfiotfic mficroorganfisms, 

whfich may have enhanced the precfipfitatfion of mficrfitfic cement, formatfion of the terrestrfiafl 

oncofids, and bflackenfing of the flfimestone flfithocflasts. 

Roots aflso pflayed a rofle fin the deveflopment of the bflack flfimestone flfithocflasts, because 

decayed root materfiafl and/or symbfiotfic mficroorganfisms provfide organfic matter that acted as 

a coflorfing agent (Strasser, 1984).  These roots may aflso have created flocafl concentratfions of 

caflcfium bficarbonate fions fin the pore flufids (Mfiflfler et afl., 2013), whfich facfiflfitated adsorptfion 

of organfic matter onto the caflcfite crystafl surface by the aflteratfion of unstabfle mfinerafls (fi.e. 

aragonfite and hfigh-Mg caflcfite) and creatfing aflkaflfine and anoxfic mficroenvfironments (Krumbefin 

and Garrefls, 1952; Suess, 1970; Strasser, 1984).  
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Bflack flfimestone flfithocflasts, flfike those found on the Cayman Isflands, are known from many 

dfifferent geoflogficafl settfings throughout the worfld (e.g., Ward et afl., 1970; Perkfins, 1977; Beach 

and Gfinsburg, 1980; Strasser and Davaud, 1983; Strasser, 1984; Shfinn and Lfidz, 1988; Lang and 

Tuccfi, 1997; Hfips et afl., 2011; Mfiflfler et afl., 2013).  Features common to aflfl settfings fincflude (1) 

the anguflar shape of the flfithocflasts, (2) the varfiabfle bflack cofloratfion, (3) flfithocflasts formed of 

mudstone (mficrfitfic) or skefletafl wackestones, and (4) the flack of flfithoflogficafl counterparts fin the 

surroundfing bedrock successfion.  Aflthough aflfl of the bflack flfimestone flfithocflasts formed under 

pedogenfic and meteorfic dfiagenetfic condfitfions, commonfly fin assocfiatfion wfith caflcrete and root 

cast, pflants have rarefly been regarded as a factor fin thefir formatfion (Mfiflfler et afl., 2013).  

Based on the bflack flfimestone flfithocflasts found fin mfiddfle Mfiocene, flate Pflfiocene and 

Pflefistocene deposfits across southern Austraflfia, Mfiflfler et afl. (2013) argued that these flfithocflasts 

were caflcfified root ceflfls that trapped organfic matter finto thefir ceflfluflar structures durfing 

caflcfificatfion.  Thfis modefl, however, contrasts wfith the wfidefly accepted notfion that bflack 

flfimestone flfithocflasts are reworked marfine and/or flacustrfine carbonate (Strasser and Davaud, 

1983; Strasser, 1984; Lefinfeflder, 1987; Lang and Tuccfi, 1997; Hfips et afl., 2011).  The bflack 

flfimestone flfithocflasts fin the Cayman exampfles, for exampfle, are of marfine orfigfin and dfispflay no 

evfidence of caflcfified root ceflfls.

Some of the sfinkhofle-fiflflfing sedfiments contafin trace amounts of chflorfite, quartz and 

fefldspar that coufld have been derfived from (1) dfissoflutfion of the bedrock, (2) terra rossa, and/

or (3) afirborne dust.  Ahmad and Jones (1969) argued that the terra rossa found on the Cayman 

Isflands formed as the carbonate bedrock was dfissoflved and the finsoflubfle resfidues accumuflated. 

The doflostones and flfimestones of the Cayman Formatfion and Pedro Castfle Formatfion, however, 

contafin flfittfle non-carbonate materfiafl and no quartz or fefldspar crystafls have ever been found fin 

them.  Thus, fit seems unflfikefly that the quartz and fefldspars crystafls, the fimmobfifle trace eflements, 

(e.g., Th, Cr, Zr, Y), and that REE that are found fin the sfinkhofle-fiflflfing deposfits orfigfinated as 

resfidues generated by bedrock dfissoflutfion.  Gfiven that Grand Cayman fis geographficaflfly fisoflated 

by deep oceanfic water, the most probabfle source for these mfinerafls and eflements fis from wfind-
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bflown materfiafl.  Saharan dust has been regarded as the major contrfibutor to the terra rossa that 

fis found on fisflands throughout the Carfibbean (e.g., Muhs et afl., 1990, 2007; Foos, 1991; Borg 

and Banner, 1996; Herwfitz and Muhs, 1995; Muhs, 2001; Muhs and Budahn, 2009).  For the 

sfinkhofle-fiflflfing deposfits on Grand Cayman, such an orfigfin fis supported by the fact that REE 

characterfistfics of the sfinkhofle-fiflflfing deposfits are akfin to those found fin the terra rossa on 

Jamafica (Muhs and Budahn, 2009). 

8. Concflusfions

The sfinkhofle-fiflflfing deposfits assocfiated wfith the unconformfity that caps the Cayman 

Formatfion provfide finsfights finto the processes that have been operatfive sfince the flate Pflfiocene (~3.6 

Ma).  New data from these deposfits have fled to the foflflowfing fimportant concflusfions. 

•  The geochemficafl sfignatures of the sfinkhofle-fiflflfing deposfits are sfignfificantfly dfifferent from 

those of the flfimestones and doflostones of Neogene and Pflefistocene marfine carbonates 

found on Grand Cayman and Cayman Brac.

•  The REE sfignatures of the sfinkhofle-fiflflfing deposfits are dfifferent from those of the doflostones 

and flfimestones that form the Cayman Formatfion, the Pedro Castfle Formatfion, and the 

Ironshore Formatfion.  Such dfifferences may offer a means of “fingerprfintfing” carbonate 

deposfits and determfinfing fif they formed fin marfine or non-marfine settfings. 

•  Aflthough flfithocflasts derfived from the Cayman Formatfion are common fin the sfinkhofles, no 

flfithocflasts orfigfinatfing from the Pedro Castfle Formatfion or Ironshore Formatfion have been 

found. 

•  The flamfinated rootcrete formed through accretfionary processes that were medfiated flargefly by 

pflant roots.

•  Many of the flfimestone and doflostone flfithocflasts found fin the sfinkhofle-fiflflfing deposfits have no 

flfithoflogficafl counterparts fin the stratfigraphfic successfion found on the Cayman Isflands today.  

Presumabfly, they came from strata that have sfince been strfipped from the surface of the 

fisfland by erosfion. 

•  The bflack flfimestone flfithocflasts are reworked carbonates that probabfly became bflackened by 
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organfic matter durfing dfiagenetfic aflteratfion. 

•  The red and orange flfimestone matrfices found fin some of the breccfias are formed flargefly of 

caflcfite and contafin trace amounts of quartz, fefldspar and chflorfite that probabfly came from 

afirborne Saharan dust.  The dfifferent coflors fin these matrfices reflect dfifferent amount of 

quartz, fefldspar and chflorfite.
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CHAPTER 5: CONCLUSIONS

In the termfinafl phase of the Mfiocene, the sfignfificant flowerfing of sea flevefl by as much as 

180 m (Berggren and Haq, 1976; Adams et afl., 1977; Vafifl et afl., 1977; Cfita and Ryan, 1978; 

Loutfit and Kefigwfin, 1982; Hodeflfl and Kennett, 1986; Pfigram et afl., 1992; Aharon et afl., 1993; 

Zhang and Scott, 1996), exposed many areas to subaerfiafl weatherfing thereby formfing surfaces 

that woufld become unconformfitfies once burfied under younger sedfiments.  Indeed, such 

unconformfitfies have been documented fin the Medfiterranean regfion (e.g., Ryan and Cfita, 1978; 

Roverfi et afl., 2001; Defla Pfierre et afl., 2002), whfich fis assocfiated wfith the formatfion of evaporates 

(Hsü, 1973, 1987, 1988; Hsü et afl., 1973, 1977; Ryan et afl., 1973).  Sfimfiflarfly, the Messfinfian 

sea-flevefl flowstand has been aflso recorded fin the successfion found on many Pacfific atoflfls (e.g., 

Lfincofln and Schflanger, 1987).  In the Carfibbean, however, the Messfinfian flowstand has rarefly 

been fidentfified (Jones and Hunter, 1994).  In Jamafica, Cuba, Great Bahama Bank and Fflorfida, for 

exampfle, aflthough the unconformabfle contact produced by the drop of the Messfinafin sea flevefl 

has been fidentfified by bfiostratfigraphy (Robfinson, 1969; Berggren, 1993), sefismfic stratfigraphy 

(Anseflmettfi et afl., 2000), stabfle fisotopes, and pafleomagnetfic anomaflfies (Mfiflfler et afl., 1994), fits 

topography has rarefly been descrfibed and/or flfinked to the drop fin the Messfinfian sea flevefl.  Thfis 

fis because (1) the topography of the Messfinfian unconformfity throughout most of the Carfibbean 

regfion has been dfisgufised by the compflex tectonfic hfistory (e.g., Wrfight, 1974; Berggren, 1993; 

Katz and Mfiflfler, 1993; Kfindfler et afl., 2011), and (2) Messfinfian karstfic surfaces were flargefly 

destroyed by the formatfion of fluvfiafl systems and/or deposfitfion and erosfion of sfiflficficflastfic 

sedfiments durfing the post-Mfiocene perfiod (e.g., Denfizman and Randazzo, 2000).  

To address that knowfledge gap, thfis study focused on the Messfinfian unconformfity, and 

other erosfionafl unconformfitfies fin Cenozofic carbonate secessfions found on Grand Cayman and 

Cayman Brac.  In partficuflar, the comparfison between the successfions on Grand Cayman and 

Cayman Brac provfides fimportant finsfights finto the rofles pflayed by tectonfic upflfift as opposed 

to eustatfic sea-flevefl changes on the deveflopment of an erosfionafl unconformfity.  Coflflectfivefly, 

thfis study shows how karst surfaces devefloped fin response to ever-changfing sea flevefls, tectonfic 
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movements, bfiogenetfic factors, and cflfimatfic condfitfions.  Key concflusfions fin thfis respect are as 

foflflows.

1) Grand Cayman has been tectonficaflfly stabfle sfince the Late Oflfigocene.  Cayman Brac, fin 

contrast, underwent upflfift of 133-173 m on the east end between the Late Pflfiocene (~3.6 Ma) and 

~400 ka.  The upflfift rate on the east end of Cayman Brac was 0.04 to 0.05 mm/year.  

2) Unconformfitfies on Grand Cayman are characterfized by rugged topographfies, wfith 

the reflfief consfistent wfith the magnfitude of sea-flevefl faflfl.  The reflfief on the upper surface of 

the Cayman Formatfion findficates that the mfinfimum estfimate for the Messfinfian sea-flevefl faflfl fin 

Carfibbean fis at fleast 61 m.

3) Upflfift of Cayman Brac tfiflted Tertfiary strata to the west, but aflso enhanced the erosfionafl 

processes.  The Pedro Castfle Formatfion and the upper part of the Cayman Formatfion, thus, were 

removed from most of Cayman Brac.  The removafl of the carbonate strata fis dfirectfly reflated to 

the amount of upflfift. 

4) The upper surfaces of the Cayman Formatfion on Grand Cayman and Cayman Brac 

paraflflefl Purdy’s (1974) experfimentafl resuflts, whfich suggested that perfipherafl rfims wfiflfl deveflop 

fif the rate of rafinfaflfl fis no more than the rate of runoff.  The perfipherafl rfims present on Grand 

Cayman and Cayman Brac were finfitfiated durfing the Messfinfian flowstand.  Compared to those on 

Grand Cayman, the perfipherafl rfims on Cayman Brac are more pronounced due to upflfift.

5) Besfides karst processes and upflfift, coastafl erosfion aflso finfluenced the topography of the 

unconformfitfies.  Coastafl erosfion on Grand Cayman and Cayman Brac, whfich took pflace after 

the Late Pflfiocene (~3.6 Ma) but before ~400 ka, cut finto the Cayman Formatfion and/or the Brac 

Formatfion and consequentfly modfified the ancestrafl topography fin the coastafl areas. 

6) The Cayman Formatfion fis now exposed on the eastern haflf of Grand Cayman and 

much of the upflfifted core on Cayman Brac.  The karst flandforms on these exposures, whfich are 

characterfized by perfipherafl rfims, phytokarst, sfinkhofles, and soflutfion-wfidened jofints, reflect the 

finterpflay between eustatfic sea-flevefl changes, cflfimate, tectonfic movements and phytokarst over 

the flast 3.6 Ma.  
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7) Due to upflfift, the perfipherafl rfims and karst features are enhanced on the upsflope margfin 

of the upflfifted core of Cayman Brac, whereas the flocafl karst reflfiefs fin the finterfior are mfinfimfized. 

8) Nefither Grand Cayman nor Cayman Brac exhfibfit typficafl tropficafl karst flandforms 

such as cockpfit, tower karst or cone karst.  Sfinkhofles, however, are common.  The fact that 

such flandforms dfid not deveflop on these two fisflands suggests that upflfift fis not a key fact fin the 

deveflopment of tower, cone and/or cockpfit karst.  Instead, the flack of those posfitfive karst features 

on Grand Cayman and Cayman Brac fis attrfibuted to the poorfly devefloped jofints and fauflts.  

9) The photoflfineaments on DEMs are probabfly the surficfiafl expressfion of jofints and/or 

fauflts, whfich were produced by the tectonfic stresses aflong the margfins of the tectonfic bflocks. 

Thfis study aflso demonstrated that a wfide varfiety of deposfits are found fin the sfinkhofles that 

have devefloped fin the Cayman Formatfion.  These sfinkhofle-fiflflfing deposfits provfide finsfights finto 

the processes that have been operatfive sfince the Late Pflfiocene (~3.6 Ma) and are ongofing today.  

A detafifled study on these deposfits, finvoflvfing thefir petrographfic and geochemficafl sfignatures, fled 

to the foflflowfing concflusfions.

1) The geochemficafl sfignatures (fi.e., fisotopes and REE) of the sfinkhofle-fiflflfing deposfits are 

sfignfificantfly dfifferent from those of the flfimestones and doflostones of Tertfiary and Pflefistocene 

marfine carbonates found on Grand Cayman and Cayman Brac. 

2) Many of sfinkhofle-fiflflfing deposfits cannot be correflated wfith any of the bedrock that 

fis now found on Grand Cayman and Cayman Brac.  Many of the flfimestone and doflostone 

flfithocflasts found fin the sfinkhofle-fiflflfing deposfits, for exampfle, have no counterparts fin the 

stratfigraphfic successfion found on Grand Cayman.  Presumabfly, they came from strata that have 

sfince been strfipped from the surface of the fisfland by erosfion. 

3) Bflack flfimestone flfithocflasts, found fin many of the sfinkhofles, are of marfine orfigfin.  They 

were bflackened by organfic matter probabfly after they became flfithocflasts. 

4) The flamfinar rootcrete, domfinated by bfiogenfic components, formed through accretfionary 

processes that were medfiated flargefly by pflant roots.

5) The red and orange flfimestone matrfices found fin some of the breccfias are formed flargefly 
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of caflcfite and contafin trace amounts of quartz, fefldspar and chflorfite that probabfly came from 

Saharan dust.  The dfifferent coflors fin these matrfices reflect dfifferent amount of quartz, fefldspar, 

and chflorfite.

In summary, these findfings obtafined from thfis study are fimportant, because (1) they provfide 

a context fin whfich the Messfinfian unconformfitfies of other Carfibbean fisflands coufld be vfiewed, (2) 

they have dfirect appflficatfion to other unconformfitfies gflobaflfly that formed durfing the Messfinfian, 

and (3) they heflp to understand the deveflopment of an ancfient erosfionafl unconformfitfies and 

pafleokarst.  Addfitfionaflfly, the newfly proposed REE data obtafined from the varfious sfinkhofle-

fiflflfing deposfits, herefin, coufld serves as “fingerprfint” of carbonate deposfits.  Such research 

has dfirect appflficatfion to other cavfity-fiflflfing deposfits, and coufld fincrease the understandfing of 

the deposfitfionafl, erosfionafl and dfiagenetfic processes that occurred durfing an ancfient erosfionafl 

unconformfity was deveflopfing.
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