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Hybrid Carbonate-Siliciclastic System*

Los Arrecifes de Veracru¡-Alltoll Lizardo: VII Sistema

Ilíbrido Carbollato-Silicíelastico

I)a 11 1 R. Knltak**

ABSTRACT

Vcracru/-Antoll 1 .-izan.lll fce fs are lhe (111)' Illajt lf living patch n:ds in lhe southwcsll'r11 ( iul r nf Mcxic( l.

") hcsl..' n:cfs <In: a c1assic cxamplc nI' ....11ral Tl..'C f grnwlh 111 a IcrrigcIHlus cll\"irnUmclll. "I"he rcc r l'Olllpkx

illí.:ludcs D red... and J isl<llH.b ncar Vcracrul. Ilarhor. and 15 red....¡nu .+ isl.lnJs off lhe hcaJlanJ nI'

¡\IlIon )jzanJo. staH.' nI' Vcracruz. �1cxiC(,.

I'etrngraphic sludy rcvcals that Illost nI' the scdimcnts in red tnp <lnd uppcr !bnk cllvirlllllllcnts

o:lllllpris\,.' several typcs 01' (.'(lral�cncruslcJ rcJ-algal houndstollcS with .lsstlcialcJ CtlT<l]-ll1tllluscaJl

grainstnllcs. I he Illt'sl cnmlllOIl coral is Acmporapalmala. ¡\hnnst <.111 rcef ln!,s in Ihe carhnnatc huiklups

l'\lll1¡¡in ;11 Ieast a fe\\ perccnt lJu;¡rtl.. fdJspar. anJ/llr \\llcanic ft1l'k fr¡¡t:llll'l1b. S\lllh: ,-,vcn displ;IY

tr;lIlspnrteu. frcsh-w<llcr charnphytes. NOIl-carhon;¡h: sand in rcef Inp s<lJnpks avera�l'" - sr,.

Ille prnVCIl<.lIll'¡: 01' line. non-carbonate sand amI \'nkallic rnck fragmcnts in lhc n.:cfs off the port nI'

Veracru/. appcars to he the .Ialap:l (ICZiull:ín) Provincc. ClCrrigcllous scdiments (allJ calcifit.'o fn.:sh­

w¡¡ter algal o.:lls) tJwI tlccur in rl'('fh1PS offthe Anltllll iZ<lron salil'nt :lrl' likcly stlurccd fW11l eitl�er

the dr:Jinagl' hasins nI' the Río Jamap:. (vicinily nI' �tt. ()ri.lahaiCitl:l1t�p(:ll) nr the Río P<Jp;¡ln;lpan

(SiL'rra Jc .Iu;íft..'/. source terrane). Multiple rL'cydin,L: oftt.'rrigcnnus glass shanh HlHJ vok';lIlidastic

S<JlH.I.\ frollllhc coastal UUllC liclds hctweell Boca dcl Río (llItluth nflhc Río .Jamapa) alld thc he:.dland

01' /\llloll l.izanJo Illay han� resulted ill aJJititltlal silicida.\tie c(ll1talllinatioll 111' lhesl: red tops.

Kcy "nrds: Recfs r-..1exic(l. (�a rhonatl�-Silicidw.. til' Systcms

RESUMEN

'-os II1:J.S granJes parches dc arrccift., \'ivo cn el Sureste licl (iolfo de �léxil'tl son Ins de Veranu/.­

AIlIOIl (jzanJo. E"itos stln UI1 cjempln dásil'o de arrecifes de t.'oralyue se desarrollan 1'1l un ¿¡¡nhicnte

h:rríJ.:cllo. Fll'ompkjo arrel'ifal se l'nlllpOIlC dc 1:1 arrl'¡,:ifcs y J islas frente all'ul'rto lk Veracrul:. y dc

15 arrecifes y -l. islas fUCTtI lid cahn AIlIOll I ifilrlio. I'�"itauo Je Veraeru/.. J'vl�xic().

Estos amhientes 1'1l hélse a estudios pctroJ.:rñficos revelan lJuc 1<1 mayoría dt.' Ins seuimelllos en 1;1

cima arrccifal yel costado superior l'omprende cintos tipos Jc gralllics mcas de l'oral-incrusI;llio y

algas-roj<ls Clll1 asociación de arenas de enr:ll-mnluscn. El coralm:ís común es AcropoT/l palmala.

L<.Is :tl'umulal'iones en la mayor partc de la superlil'ie arrl'cifal se cnmpollcn en mayor o 1l1l:nor

porcenlaje de cuarzo. felicipastos. y/o fragmentos de rocas vo!l',ínicas. algunas \'eces se ohservHn

dOfolitas ue agua du!l'c Iranportadas. Fn prollledio el -5','1 es de scliilllentlls no c;lrhnllatados clllas

muestr.IS superficiales del arn..'ófe .

• ElUiadu '1ó...... 1 \'OIIlIlIl.'U Nu.'¡7 d.. la HSI\IIIN. d("(lkadu al

Ik EUI'ari'l 1"'111'/.-( Jdlul(,l'f'nd,

•• 1J('lldl.tnu.'nl uf <;("lI ... l.j('lIn FOI'llld)'" SI .. I(' Ulli\("r... it).
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I.a procedencia de sedimentos finos no carhonatados y fragmentos de roca volcá.nica en los arreó fes

uhicados frente al puerto de Vcnll.íuz provienen de la provinc..ia de Jalapa (Tcziutl:ín). Los sedimentos

terrígenos (y las algas ca!cilicaJas de agua dulce) que existen .en la superficie de los arrecifes de

Anton Ijzardo son prohablemente originarios de la desemhocadura de las cucncas del Río Jamapa

(de las monlailas de Orizaba y Citlaltépctl) o del Río Papalnapan (que proviene de la Sierra de

Juárez). El rccic!amicnlo de los fragmentos de cristales y sedimentos volcal1oclásticos de las Junas

costeras entre Boca del Río (desembocadura del Río Jamara) y la costa de Anton uzardo. puede

que sea la caus¡.J de la prcscflci a silidástica en la superficie arrccifal.

I�alahras clave: Arrecifes de México. Sistemas Carhonato-Silicic!astico

Introduclion

Only lhrcc modern s4.:lcraclinian recfs occur in lhe

weslern Gulf 01' Mexieu: 1) Flower Garden Hanks.

a "turlle-baek slruelure" (Re7l,k. 1977; Relllk el

ul., 19X5), 2) lhe Isla de Lobos Group (Righy amI

Mdntire, 1966), and 3) lhe Veraeruz pateh reds

off lhe por! ofVeraeruz and Ihe headland 01' Anton

Lizardo, Mexieo (Moreloek and Koenig, 1967;

Krulak and Riekles, 1979; Krulak, Jordan and Gio­

Argáe7, 1990). Study 01' these livingreds, and ones

lik4..' lhem, has allowed rccognilion uf similar

hiohcrms in lhe fossil record. Fossil recfs have

enormous hydrocarholl polenlial. and a huge

lilcralure exisls conccrning thcir scdimentology,

facies geomelry, hiofaeies, cte. (see I'ugh, 1950;

Rodgers, 1957; I'urdy, 1974; Frost el u/., 1977;

'I(lllmey, 1981; Crevello el al"� 1989 for

hihliographies). Many living and fossil reds oeeur

in pure carhonalc cnvirnnmenls lhal are csscntially

free rrom siliciclaslic contaminalioll. Ilowevcr.

therc are many that occur in mixed carbonate­

silit'iclastic milicu.

'Ibe 1995 Meeting 01' the Geologieal Soeiety 01'

America in Ncw Orleans. Louisiana, sponsorcu

Theme Session No, 27 - "lIyhrid Carbonate­

Siliciclastic Scuimcntary Environrncnls:' This

rcsearch scssion cOllsisteu 01' 16 papers ucvolcu to

sueh mixetl systcms. Thc systcms involvctl rangeu

from modcrn lo as olu as Pennsylvanian. A'i Co­

Chair 01' this �rneme Session, the wrilcr prescnleu

a paper (Krulak, 1995) on lhe Veraeruz-Antoll

I.izardo'system. 'rhcse carhonale huildups furnish

a c1assic mouern example of hyhrid �)'stcms. This

paper will summarize thcir petrographic

characleristics, and possible source areas of

siliciclastic contamination. Citations of olhcr

papers Ihal deal with examples 01' coral red growth

in tcrrigenous cnvironmcnts may be fouml in Doylc

alld Roberts (1988), lIudd and Il,mis (1990), and

in Lomando el al., lt)l)l.

Study Area

Veracruz-Anton LilÁUUO reefs inelude 13 recfs and

:\ islands m�ar Veracruz Ilarhor. and 15 rccfsand-t

islands off Ihe headland 01' Anton Li7""do thal are

contaminated by terrigcnl>us sedimenl. "I'he Ilame:­

of lhe major recfs (but not lhe smaller islands) are

shown on Fig. 1. A much more dctailed, largc­

sea le mar 01' this arca may he scen in Krulak,

Jordan, and Ciio-Argáez (19lJO. Enclosures 1-3),

The eoastal plain near Vcracruz is 4uitc narro\\".

beingonlyaboul 16 km (10 mi)wide, Aeross jI now

several streams lhat drain lhe Sierra Madre Orien­

tal, whieh hounds the plain on the wesl. These

slream', lhe largcst 01' which is lhe Rio Jamapa

(Fig, 1), cut through 'Icrtiary and Quaternary

sandslones and sillslones on lhe enastal plain and

efl>dc hcadward inlo andcsiticvolcanic ano granitic

roeks in the Sierra. -1l1e Sierra l\r1adre Orienlal is

the sitt., of two very high composite andcsitic

voleanie peaks, MI. Orizaha (Citlaltépetl), al 57(MJ

m (1�,7(X) ft), is Mexico's highesl mounlain; il'

norlhern neig.hbor. Cofre de Perote. reaches an

elevation 01' 4282 m (14,04X ft). These peaks are

ahoul 12X km (RO mi) west 01' Veraeruz, and ,treams

nowing eastwaru from lhem have stccp gradicnls

(Self, 1971). Thus, a large volume 01' mixed

terri!:.rellous material is supplieu to rivers lluwing

eastward out onlo the Mexican continental shclL

"be eoastline in the region near Veraeruz (Fig, 1)

trenus northwesl-soulhcasl, exccpt for lwo salicnts

or headlands. one ofwhich oecurs at VeracruL, and

lhe other al Anton Lií'..ardo, a small fishing villagc

to the southeas!. The Rio Jamapa elltl'rs Ihe e;ulf

of Mexico at Boca del Río wherc it dehouches into

a largc opcn bay bctwcen lhe two headlands. ¡\

spit hlocks the mouth of lhe rivcr, anu no significant

delta exists totlay.
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Río Jamapa, located midway between Anton

Lizardo and the porl of Veracruz, drains an arca

01' 3,627 km' and has an annual diseharge 01' 2,6H9

million m' ('¡¡,mayo, 1949), It rises out 01' lhe

'Icziullán souree terrane (Fig. 3) 01' lhe 14.(XlO km'

Veraeruz Basin ('Ii,mayo, 1949; Ordoñez. 1936).

The river deseends through the foolhills 01' the

Sierra Madre Oriental approximatcly 80 km (511 mi)

wcst of Veracru/... and carries andcsitic scuirnents

derived from Mount Urizaba (Cillaltépetl), a

quicscent composite vo!canie eone (Morelot.'k and

Koenig. 1967. p. IIXlI; Krutak, 1974. p. 11).

Rio Papaloapan (Fig. 3) also affeets sedimentalion

un thc Anton Lizaruo hcaulanu anu lhc rccf

complex lhere (Krutak and Riekles, 1979, p. 2(5).

This river drains a much largcr arca than Río

Jamara, and has significantly larger annual

diseharge - 36,524 km', 22,280 million mi (I .. mayo,

1949). It rises in the Sierra de Juárez 01' Oaxaea

stale, amI originates from the Papaloapan SOUrCf..'

arca (Edwards, 19(9). It deseends through

Prccambrian and I)alcozoic igneous, scuirncntary,

and metamorphie terranes from 200 km (120 mi)

lo lhe west in the Sierra de .Iuárcz (Freeland, 1971.

p. 33). 'Ilw river cotcrs Alvarado I ,agooll ncar tht,:

town 01' Ihc same name ahout 3X km (24 mi)

southcast of thc hcadlanu of Anton Uzaruo.

-I\vo othcr rivcrs may also contributc sornl'

siliciclastic material to the recfs of the Vcral:rUI

hcadland. Río Actopan. whic.:h r¡ses ncar ('orrc lk

Pcrotc northwcst of Jalapa, Vcraeru/.. anJ lhc Río

de la Antigua, a subsidiary slream (Edwards, 1969).

also rise out of lhe lcziut!án (Jalapa) drainage

basin (Fig. 3). These streams could coneeivahly

furnish a<.ldilional lcrrigcnous Jctritus to thc

carhonatcs along this hcatllanJ.

Edwards (1969) pointed out that the Vera,ruz

Basin has heen slable with rcspcct to sea levcl

tluring Rccent time. Ilc notcd that the iron "cycs"

used to se cure Spanish ships.of-lhe.line lo ¡he

Castillo de San .luan de Ullua. a forlres<

conslrucled to prolcet the rorl 01' Veracruz fmm

pirales of the Spanish Main, are still the same

hcight ahovc mean tiue Icvcl as they were whcll

the forl was first built in 1582 (lIeilprin, lH90).
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Tcrrigcnous Conlaminalion on lIJe

Vcracruz.Anlon Lizardo Reefs

Figo 2 shows thc 33 snmpling stations whcrc thc

writcr Ulllcctco scoiments from Ihe scdimenttwatcr

interface on the various rccfs in this arca (Krutak,

1982). Loose sedimentary material covering the

recfs was collectcd hy hand into a core tube, or the

tube itsclf was scrapcd along the rccf surface until

at least half of il was filleu wilh scuimen\. The

writer useo a 3.5 cm insiuc t1iamelcr Phlcgcr core

tuoe 0.30 m long for lhe samplinguevicc. The initial

goal of the study was the ecology and laxonomy of

the lJK)ocrn ostraultlcs living(m thcsc reefs. Sample

dcpths, salinity values. ano othcr ccological

rneasuremenls may oc founu in Krutak (1 %2).

Suhscqut.ontly, thc \\'ritcr hccamc intercsted in lhe

silidclastic mincral(lgy/pctnllogy uf thcsc reces.

Cutsof the original samples wcrc imprcgnalcd wilh

petropoxy bluc rcsin, thin-scctioncd, ano studicd

pelrographieally. A survey of Ihe 33 samples

re"ealeu thal certain samp1cs hau rclatively high

pcrcentab'Cs 01' tcrrib'l:lllluS, silicidastic ulntaminants.
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.Ioruan (in Krulaket al., 1990) ¡x'¡nled out that n.>s1

of the scoiments in recf top ano uppcr flank

cnvironments consist of several varicties 01' coarsc­

grained, rccf-dcrivcd grainstones. Any lime muo

thal may have oeen produced on lhese reds is

apparently winnowed hy wave action on the re(.of

crests and is transponed off-recf in suspcnsio.n. 'Ihe

rccfs at Vcracruz are patch recfs, whosc general

morphology ano scdimenl typcs are iIlustralcd in

Fig.4.

Ilowcvcr, pctrographic study rcveals that almost

all rccf tops off Vcracruz am..I Anlon I.izaroo

contain at lcast a few pcrccnt quartz and/or

fcldspar. Sorne of lhe reds also uisplay volcanie

rock fragrncnls. Since the recfs are stccp-siocd and

are physieally higher in elevation lhan adjacenl

quartz-rich shclf arcas, and are sources 01' largc

volumes of carhonalc sand-sizcd material. it is

anomalous thal any non-carhonate sano occurs in

rcef top environl1lcnts.

Following is an analysis 01' the terrigenous detritus

dctcctcd in sorne nf thesc samples. The Figures

1hat follow (Figs. 5-H) are arrangcd in two groups,
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Fi�. S - Thin ...retiun phlltolllicru�raIJh" nfhluc epoxy.iIllIJl-r�lIl1ted IIwdenl sedimcnts rnllll Ihe Verauu.7. red l'ulllldex urrthe 1)011 (lf

V.. ralTUl:. Mexi<'u. Sct' Fi�s. I ami 2 fuI' sample lucatiul1 III1111bers ilud rcef natlu's. SC'l,l .. hal's art' in mil'mns (�) A.Gall('�a Hl't"r.

SlaliulI lH'lllalu"IJfJlari7t'd li�hl: Hllranic ru('k rra�IIIt"lIt IVRF) ""irh pla¡,:iudd ..e Ilhellll('11:'01 (1'11)) lInd l'III'alliul" al=a ICal�J:

Jl.GalleJ:il l{cer. Slalitlll IX. l'mss-pnlariu'd I¡KIII: "u!c'ólniC' rock fr.=.mcnl (VRFI ",ilh Illil=iudast" phrllOC'l"}'st (1'11.' ilud ('IWdllinr

ill=." (C.a.lg,: e-Humus Reer. Statiuu 19. cm"sed-polarüt'd Ii=bt: �UiU'"tz =.rain IQI t.... p(K'd ¡nside J:astnlPfld .. hell (GSI: D.l;illle�a

H.cd. Station 9, t:rossed'JH.Jlariud Ii=.ht: anlularqu..artz =.rains (Q) .lId mie. r"'=.lIKDI!; 1 MI inside a pif'tt of DlulllL.. k shelL

"'i�. 6 - Tbin sel'liun pholomit'ro=raphs ofhlue epoxy-impre=nated modern "ediments from the Veracrw ITd complex otrthe port uf

\'(''''''<'I'"U:I:. l\1exico. Ser Fi�s. 1 alld 1 fllrsample lm"illioll numhen aud red Oil UlCS. SClI.le hilrs are inllli<'nms tJ.ll. A-nurthwest I'ajams

Itcrf. StaliunlO. plilne-polari1,ed li�ht: \:ukilnit' I-ock fra�IIIt'DI (VRF) and all�ular quat1z (QI �"'dill-': U-Sacrificios H�f. Slation 23.

1)l;l.IIt'-pul.....i7cd Iight: lI)('tamurphil" lluartz II\lQI t ..... pptod in�ide an a."�ollitt' mollusk sht'lI (AI\I). C-B1i1IHluilla Hed. SlaliulI.5.

nossed-I)olariu'd li�ht: anl:ulanlual1:1: (Qllrapl>t"d in"id(' an 1I ..... �nllilic IIUlllu .. k sht'II(AI\II. I).Anegllda el,. Adenlll' Hed. Sliltion 7.

plaut'.pularized light: ahuudanl anguIArtlu.lrt/. tQI in mkrilk lIIahix.
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Fi�. 7 - Tbin sectjon IJhutuDlknl�raphs ofhlut' eIMtxy-imp�f:n.led modenl sedill�nl.. fromlhe Venu.'ruz �ef('(Jrnllle� offthe ht'adlalld

\t( Anlun Lizanlu. J\lt'xku. See Fi�� I and 2 fur !>ioIImple locatiulI uumhC'l'S .ud red na me.". Scale lllirs II� in mh'lltllo; f�). A-middle­

t:lllt)f'dio Red. Stliliult 31. IlllillC"'oIMtlaril.Cd li�hl: ara�nllite �bell frd.�lIIellb (ASFllind IIIclanMt ...)hil' \I'wrlz J!:liIill (I\1Q); B-lUiddlt"

F.nmcdio Red. SlaliulI 31. Ihe same sedion in ulI'lOs-polui7Cd li�bt: C-suolhusl EUI1Ie-diu Hed. Stalioll 32. IJlallt'-IMtlari:t.cd liJ!:ht:

micmcline (1\1) IInd quarlL J!:rains (Q); D-soolhusl Enmedio Reef. SlatiUII 32. Ibe slime sedion in c.'ross-polaril�d liJ!:bL

Fi�. H. Thin scdion photomic''fIIl:I'lIphs ofblue eJMlxy-impl�II:II.lcd rnodcrn se-diments (mm the Verac.'rul: �ef c."Ol1lplell: olTlhe he-adJand

urhnlon Lizardo. Mexico. See Fill:s. 1 ilud 2 for sllmple IUl'aliulI 1I0mllel's and I'f'ef uames. Se.'ale h .. rs 1I1'f' in mil'l'ftlls (�). A-lIttl1hwcsl

Chupa ... Hccf. sraliun 29. planc-I)nlarized lill:hl: ('ol,.. lIl1m (COR) wilh IJI"J;:iul'!ase (l'L) rntJ:menl: B-lIul1hwcst Chupas Red. SllItioll

29. Iht' sallle sed ion in cross-IMllarizcd li�ht: e-Chopas He..er. Stalion 26. plllnt"-polarizt'd liJ:hl: J:ynlJ!:onik (cakifit"d egg ('t.lI) u( a

rn�sh-\+akr alJ!:a: D-stJulheólsl Chupas Ht"t"r. Stalillll 28. plalle-IUllarind liJ:hl: hlólssiH ('orallulU (MCOR) of óI st'ierddinian cOI'"III.



17< P R.. KIH rTAK

Figs. )-ó arc photumicrographs of cpoxy­

impregnatctl samplc:-; collcctctl frum lhe Vcracruz

group. Figs. 7-8 are photomicrographs of similarly

prcparcu samplcs tha1 are from lhe Anton Li:t,anlo

group of Tl'cfs.

VenlcrUl R....cf Gnmp

Fi!,,,. 5-AB are samples from (.a\lega Rccf (Slalion

I�) Ihat i\lustralc voleanic rock fragrnenls (VRF)

wilh plagioclase phcnocrysls (1'11'). Cora\line algac

(Calg) are also lahclcd. Fig. 5[" is from 1I0rnos Rccf

(Slation 19). The crnssed-polarized lighl

micrograph shows a quarlzgrain (O) Irappcd in.,ide

a g'L'lropod shell «;S). Fig. 5D, from (.allega Red,

(SIal ion 9) is a crosscd-pnlarized light view of an­

gular quarlz grains (O) and mica fragrnenls (M)

insit!c a piccc of mollusk shcll. Fig. óA is fmm

northwesl Pajaros Recf (Stalion 20). The p"lIle­

polarizcd light micTograph shows a vo!canic rock

fragrnenl (VRF) and angular quarlz (O) grains. 6B,

from Sacrificios Recf (Slalion 23), is a plane­

polarized light view of melamorphic quartz (1.10)

trapped inside an aragonite mo\lusk shell (AM). 6

e, from Blanquilla Red (Slation 5), is a crossed­

polarized liglll view of angular quarlz (Q) lrapped

inside an aragonilie mo\lusk she\l (AM). Fig. 61),

Cll\leeled on Anegada de la Adenlro Recf (Slalion

7), is a plane-polarized light mierograph of

ahundant angular quartz (O) in a micritc m.alrix.

Anhm Liz¡lrdo Reef Grnup

Figs. 7AB, from middle Enmcdio Reef (Slalion

31) are plane-polarized and eross-pnlarizcd ¡;ghl

vicws rcspcctivcly, of aragonitc shcll fragmcnts

(ASF) and melamorphie quartzgrains (1.10). Figs.

7C.D are similar micrographs from southcast

Enmedio Recf (Stalion 32) shov.ing microcline (M)

and quarlz grains (O).

Figs. 8AII, from norlhwest Chopas Recf (Slalion

29) arc.planc-pnlarized and eross-polarized light

micrographsof emalla (COn) wilh plagiodasc (1'1.)

fragrnenls. Fig. 8e, from Chopas Recf (SIal ion 26)

is a plane-polarized lighl mierograph of a

gyrogonite (ealeified eggcell) of a fresh-water alga.

Fig. SI) depicls a plane-pnlarized liglll view of a

sample from southeasl Chopas Red (SIal ion 2S)

thal contains abundant massive coralla (MCOR)

of sderaelinian corals. Thus, Ihis sample shows lillle

tcrrigcnous contamination.

Possible Sourees of Silieielastie

Contaminants

'rhe volcanic rack rragrncnts and angular 4u<lr1z

grains (sorne apparcntly of mctamorphic origin)

lhat contaminalc lhe scdirncnls of lhe Vcracrul. red

complex (Figs. 5, 6) may have originaled from Ihe

Ríos Aelopan-de la Antigua drainagc basin. This

basin, which consists mostly of Ccnozoic volranic

rocks wilh minor intrusives (Fig. Y). sccm" lo tx:

lile most likcly sourcc ror these matcrials, eSJX'cially

sincc in lhe wínter, from Scpternhcr through

February, slorms called "El Nortes" blow in from

lhe north. Such storms aTC likcly lo transpon

scdiment soulhward from lile Actoran drainagc

arca onlo rccf tops along Ihe Vcracruz hcadland.

Mctamorphic quarlZ grains. microclinc. ami

plagioclasc fragrncnts are fairly (:ornmol1 as minor

conslituents of the carhonates on the Anton

Lil1trdo red complex (Figs. 7,S). A ealcified egg

eeH of a fresh-waler alga (gymgonile or eharophyte)

also occurs in thcsc scdirncnts.

Edwards (1969) conloured Ihe pcreenlage of hea,)'

minerals in the 3.5-4.0 phi rangc on huth the

Vcracruz and Anton Lií".anJo rccf complexcs. He

nolcd Iha! Ihe Río Jamapa mne displayed a lo\Ver

percentage of hcavy mincrals, whilc samples

soulhwan.l of lhe midsection uf lhe complcx

conlaincu ovcr 50 pereenl wilh lhe highest value

hcing85 pcrecnt. 1 lis map indica tes lhal valucs no

Ihe Veraeruz complex varied belween 10 and 20

pereenl, wilh the highcst percenlage bcing 26

percent. lIe also showeu tha( (here was anolher

lowconccntration of hcavics hctwccn lhe 5 fathum

conlour line to approximalely 2 nautical miles

scawanl of Anlon Lizaruo's caslern shorcline. Ile

attribulcd this area of low concenlralion (o dilution

of (he hcavies hy lighlcr sedimcnt fraclions hcing

earried norlhward from lile Río Papaloapan hy

lon�horc currcnts.

Such northward transJXJrt mayoccur; howevcr, Fig,

10, a February LANDSAT image of Ihe red, off

Vcracruz and Anlon Lizanlo, shows lile

soulhcaslcrly flow of lurbid waler fmm Ihe moulh

of Ihe Río Jamapa along Ihe cuasl (O\\.'ard lhe rcds

off Anlon Lizardo. lbis flow may have transporled

Ihe eharophyte shown in Fig. Se. It also displays a

beller developcd sedimenl plume exiling Laguna

de Alvarado, which compriscs the moulh of Ihc Rio

'Japaloapan.
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It is also possihlc that sorne nI" the siliciclastics on

lhe Anton Lizan.1o rccfs are sourced from the dune

fields betwccn the mouth 01' the Río Jamapa ami

the headlano 01' Anton Lizaroo. These uunes

appear lo he oeveloping parallel to the eastern

coastline of the point, amI are eroding on the

norlhern shore (Fdwards, 196�, p. 4).

Concllltion

Veracruz.Anton Lizaron reefs, Mexieo incluoe 13

reefs ano 3 islantls near Vcraeruz harhor. and 15

reefs and 4 islands off the headland of Anton

I,izarun that are contaminateJ by tcrrigenous

scdiment. The reefs eonsist 01' coral-encrusteu reJ.

algal h()undsltH1t.:s with assoeiated (()ral molluscan

p,rainstoncs. Thc most eommOI1 coral is ACl'opora

pa/lJUllll, the dominant spccics nI' most rccfs in the

l'aribbean ami the Gulf of Mexico. Fcw reef top

samples at Veraeruz-Anton Lizardo are truly

arcnaccous (have at least IO();, non-carhonatl'

sand). Ilowever. all reef tnps oIT Veracruz anu

Anton Lizardo contain at h:ast a fe\\' perocnt LJlIart/�

fl'ldspar. an%r volcanic rock frat-.'l11ents. Sorne of

them even display fresh-watcr algal rcmains

(charophytcs). AI1 average value for non-carhonate

sand in reef top samplcs is -5(}{,1.

Storm transport of fine non-carbonate sano onto

rcef tops is the likely cause of this mixing 011 the

northt:rn suile 01' rcefs (oIT the port 01' Veraeruz).

"('he source arca of thcst.: sediments appears to he

thl' drainage hasins ()f�lhe Ríos Act()pan-dl� la

Antigua. These riversdrain theJalapa CIl'/.iutlún)

pro"ince. which lies northwest 01' lhe eity 01'

Veracruz in the foothills 01' lhe Cofre de Perotc.

-lCrrigenolls sediments that oceur in reef tops off

tht.: ;\nlon Lil.ardo hcadlaml are likdy someeu from

cithcr tht: drainage hasins nf tht: Río Jamapa nr

lhe Río Papaloapan. "('he Río Jamapa rises in the

Sierra I\'ladre Oricntai. ncar the town of Córdoha.

ami drains lhe slopes 01" MI. Orizaba (Cillallépell),

the highcSl eomposile ande sitie vo1cann in Mexico.

Alh:rnativcly. sUllle 01' lhe tcrrigcnous component

on the ;\ntnn l,j/.ardo rccfs ma�r have come from

lhe Río Papaloapan drainagc hasil1. which drains

a vcry largt.: arca 01' the Sierra oc .1 lIarez. S{)ut hcast

nI' Veraeruz. Additional secnntlary rc\vorking nI'

sand fmm the hcach dunes between Boca del Río

(moulh of lhe Rio Jamapa) and lhc hcadland nf

Anton Lizardo may have occurrcu. ami may have

resultcd in depositiun 01' terrigenous dchris O!1 the

i\nlon l.izardo rcef lops.
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