s

JOURNAL OF SEDIMESTARY PETROLOGY, Vor, &1, No, 4, p. 1105-1111

. 1-6, DEcEMEER, 1971

8 ORIGIN OF SHELL BEACHES, PADRE ISLAND, TEXAS
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ABSTRACT

Central Padre Bsfand, Thm ia the sire of
entire coast to accumuolate in the conwe
deflation of finer grained terrigenons
Mudre by wind-tidal fa r

Ancient shell Leaches of the H

It musr be concluded thar some large carhonate a
processin an area of great terrigenons sediment supply.

TN TRODUCTIN

Central Padre Island, Tesas is the site of
beaches which are composed of up 1o 80 percent
ahells wnd shell [ragmenta, Since this zone of shell
accomulation is located in the center of a major
Lerrigenous provinee and sinoe ir coineides with
the location of a postalated convergence of near-
shore Gulf of Mexico currents and licteral drifr,
I decided o attempt to determine the mode of
formation of the shell beaches, inorder to cxplain
the apparent anomaly ol the existence of car-
honate hoaches in a Lerrigenous province.

The slucly area consists of beaches an [Padre
anrd Mustang Islands (fig. 1), Mustang [sland
terminated to the north at Aransas Pass aned o

. the south by the infermittenty open Ceorpus

Christi Pass, which separates it from Padre [s-
lanel, Brazes Santiapgo FPass terminates Padre
lzland at the south, Mansteld Pass, an
fically created and maintained pass, is located oa
south-central Padre Island about 90 milez south
of Aransas Pass. In this inwvestigation heach
sediments have been studied from Aransas Pass
to Brazos Santiago Mass, and a detaled stody
was made of the 60 miles of beach immediately
narth of Mansheld Pass (g, 1}

Numerous rock outerops oceur along the main-
land shore of Laguna Madre adjacent to central
Padre lsland. These rocks apparently are lithi-
fied cquivalents of the shell-rich beach sedi-
ments of Padre Island, but ace a part of the
ancient Ingleside Beach Complex (Gg 100 Tt is
prohable that these ancienl shell beaches formed
by the same mechanism as the modern shell
beaches of Padre Tsland and o study of the origin
uf the modern shell beaches may provide the

1 Manuacript recaived March 29, 1971,
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means for inferpreling Lhe current patterns
which produced the anclent shell beaches,

ALDIMINT DISTRIBLUTION

Terrigenows Sedinienis

Heavw minerals from vwvers along the nosihern
Texas coast have been fransported wo the south
to mix with the heawy minerals of the Rio
Gramle in a tranzition zone slong centrul Padre
Ieland (Bullard, 1942: Van Andel and FPoolo,
19603, Hawves (19065 and 1967) foynd thal le
could trace o foec graio-siee mode from the
northern prosinee ancl a coarser grain-size mode
[rom Lhe southern Elo Grande provinge tooa con-
tral transitios 1 zone w here they mix, hesoe transi-
tion zones o and are Tocalwl within Lhe
arca of shell beaches oo Padree Lsland.

Shell Nedimenis

Arrembloge  distribublivm.— Thronghoul Lhe
study area large accumulations of shell marerial
e found enly on the Gult of Mexico beaches;
only very small shell concentrations cccur in the
furedunes, active dune felds, harrier island dats
and wind-tidal fiats, Two distinet shell assem-
oecur alang the beaches of Padre Tsland,
ltm sonthern sedimentologic provinee (from 38
miles north of Mansfeld Pass southward o the
Rin Grande) iz chavacterized by Mol powderore
Saw, Mercenaren caompechiensis Gmelin, and

b

Eekinoohama arednelfy Linne (fx. 20, The north-
ern sedrnem.olu*ic prr\vi

co is composed almos
iy Say. The transition
the 1urLJ1r:'11 and the southern
sedimentologie provinees 13 characterized by a
lower total shell content ard a somewhat greater
accumulation of dwadora brasiliona L:utlrlrck,
A pvelis Bruguiere, and A, banghmond Hertlein,
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ORIGIN OF SHELL BEACHES

three species which are common to Bolh prev-
TTLEEE, #

With the exeoeption of D, fhe EXACT SOUTES
of vach species is uncertain, [
the sLidy Hosos was observed te ]
ol the surl in dense colonies all alony M usizag
Taland souch to the southernmost limit of the
narthern sedimentolopic provines on Padre Ts-
Lamil. As ean be geen from the shell percent curve
(fig. 2) there is no accu vlation of Moo or any
other species aorth of 35 miles north of Mans-
feld ["ss. Thus Doewax appears to live and diein
the suef zone theoughout the oorthern sedi-
mentologic provines and 1s carried south to ac
cumulare near the sonthern end of the northern
provinee. The Aradare probabl g hout
the sty area in the shallow shell zone either
within the surl or slightly heyond it The
Mereenirin, atia, amdd Feldnachama common
to the southern prosinee probably o 1l an
alder, reworked shell assemblage. In looking at
thousands of speciimens of each, [ Lave never
fonnd a frosh specimen ar an unabraded wvalve.
The Mercenaric are highly discolored and have
been dated with fen dates ranging from 1240 e
T180 vears old (personal commun on E. Wil-
liam Behrens, 1971). The Fchinochoma usually
Tive attached oo bard sabstrate in youth, Ad-
jacent to the soathern provicce offsho
numerous submerged ridges of sandstone
a Tikely source for the Echinachama ot they may

li rew<,11z1~d tTom an unknown sonrce.
the southern
diztribusion of

en T}(Jllyll the source for
assemblage iz anknown, the
aliraded valves of the species
their alongshore directon of transport.
ward to about 25 miles north of Mansield Pass,
whole hut abraded wvalves of Mereenarie

are

comman. The percent of whale valves de-
creases 1o the north. Sl farther north whaole
SHELL ASSEMBLASE
i
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exislent in th._ norll‘
st of the norlhe
clunce in the cransl
sou L hern provnes E;Lr'ept in rio
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Lagerd on shell sssenbly
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Mercenario valves disappear and only abraded
tates remain. Finally, as one paszes through the
asition zune into the norlhern provinee, it be-
cames impussible to find even small [ragments of
Merssnarin. Thus distribution and changing
character of the amsemblages suggest that the
Mercemorin, Fomtde, and Hohinechame  asserls
Ilage has a source o the south and is being trans-
ported novth, the Denos assemblage has 4 source
to the north and is being (ransported seucl, and
the A nadara group has a wide sourve and is being
introduced into both the northern and southern
DrOVILeES,

4 concentration alengshore—In order o
separate the ephemeral clicels of sorting in the
foreshore from the more fmpertant long-term
shell comcentration by loagshore drifl, samples
waping & pint pontainer evenly
g 1.1& side of 2 2 foot crench in the storm berm,
sinee the sholl concentrations in the herm are
more uniform Lhan in_ the for e;hml i ples
were collecied '\'. s method at -'- male intervils
from Mansfield Pass to the north emil of the shell
beaches 55 miles north of Mansfeld Pas
Samples were also collected at threg-mile 11|.!€‘|.
vals fram Mansiield Pass to 30 mil auth of
Mansfield Pass. In order 1o distngnizh regional
wends & three soint moving aversge was calen-
Jated. As this did not remove local variation toa
st tory extent, a second 3 peint moving
average . calculated from the results of the
first moving average, These data are plotted as
the shell pereent curve in Figure 2 which reveal
soveral well defined trendz. Approaching the
study area from Lhe gorth, the shell content
bruptly increases from less Lhan one percent
to pearly S0 percent in & distance of ooly 4 wiles.
The northernaost high shell concenration he-
v 535 an d 45 miles north of Mansfield Pass is
hell asseniblage of the northern
mentelogic province, From 40 miles north of
‘\Ia-lsﬁe'd I*azs (o aboat 30 miles north of Mans-
fiald Pass there is apother bigh in shell content
corresponding to an accumulaton of the spec e
common (o the southern provinee. Except [or a
low concentration al Mansfichl Pass, the shell
conlent fuctaades around 20 percent in the re-
mainder of thi area to the sauth, Thus within the
area of shell beaches thire are three major zones
s on shell concentrations. These correspond
with the throe shell assemblage zones,
correlation  with  dupe lopogrophy.—
A study af the topographic maps of Padre [sland
a central belt of high foreduncs which

srresponids with the zone of masivum
A careful study of the location ol
local maxima on the =hell content

the many
graph (fe. 21 and the location ol high and col-
tinnous portions of the foredune ridge shows a
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nearly perfect correlution. That s, where the
dynes are hi gh and continnong there is a local
aimuom 1o shell content, W © the dunes are
low or where Lhere is a hurn ami: channel or
washover fan there iz a local mintmpm of shall
content. The high, continuous dunes serve as an
imperneetrable wall to all but the mosl powerful
slorns. All shell that 15 deposized on the beach
in the viciniy of these dunes must remain there
hecause no physical process can remave 1t, The
wind 15 competent to remave only the 0
terial which is predominantly terrigenous sand.
In con krast, w here this w 1g hreached b}' firri-
Cane w ﬂ&hc)\-era = periodically remeoved
at least in pas w wushed into the intesior
of the barrier island. This process s sclf-reinforc-
ing. Where the dunes are the st and most
contiomons and the shell content is high, the
backelhore elevation 12 uwsually very bigh amd
may show ane ar more torraces related o Lhe
height reached by wvarious stor ce the
eoarser grained shell matemal builds sresper
Leaches than the fine terripe
Lthe high backshore produced
only the larges slorms with ver} i Lides ead
reach the foot of the dunes. Thus protected, the
dunes can build sl hipher and hecome stronpes
and herter able to resisl future wave attack, It
should net e inforred that the regional masi-
mum in shell conlenl is & resole of the
of high and continuous dunss. lsews
Musrany and Padre Jslands there 1ilar
areas of well developed foredunes adiacent to
besches with less than one percent shell maverial,
Positive correladon between shell gontent and
foredune development occurs enly in the littoral
drifL converpence sy,

Trensifion soncs—A map of the postulated
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longshore deift convergenoe area {fig. 3 shows
the rransition zones delecivined by Bullard
and Van Andel and Poole [(1960) for
inirals and by Hayes (1965, 1967) {or
wdes, The transition zone based on
st aned shell content falls within
the limirts of Bullard's samples and only a short
anve 1o the north of the ransgition zone as de-
[ed by Haves, The shell data may be somewhat
moee accurate, hecanse of the close sample spac-
ing. All of I.he&e data support the suggestion that
there is a sedimentologic lransition zone pro-
ducid by longshore drift convergence in the cens
1ral part of Padre Island, The shell azzemblage
and shell content data Jimit the wideh of the
transition zone Lo aboul cight miles,

Shell concentrotion wormal o shore —Shell cun-
tent wus determined on ten avergeg acrass the
beack nurmal to the shoreline. The shell disiri-
bution seaward ol the storm berm is irregular,
Nearly pure ghell deposits oweur in parts of the
active berm crest and In the horns of active
vusps. The storm berm containg either the
maximum or neardy the maximam shell content
s Leach, The shell content
then diminishes toward the [oredunes (fg, 40,
I'he foredunes, vegetated flats, and wind-tidal
Aats further inland wre composed nearly com-
pletely of terrigenous materials,

(19427,

EREDIMRENTARY FROCESSES

There are three possible wayrs to prodace 2
gh shell concentration such as is found on
Padre Island: extremely high shell supply, ex-
tremely low teseipenous sediment supply, or
some sorting phenomenon leadiog to a shell con-
centration, There is no evideace of an extreme
abundance of living communities, In fact, Lhe
preatest abuodanee of living fenex, the main
contributor to the nocthern assemblage iz on
Mustang Island, and norchern Tadre Tslund
whare the shell content of the beaches is less than
e e wely ne lack of termge-
aoug gediment. as central Padre Fland is one of
the widest bareier islands of the coast, Laguna
I inland from central Padre Ieland is com-
sand blowa inland [eome Tadre
[e,l and, and old shell beaches burled belween the

present foredune ridie on Padre Tsland and an
alder foredure ridge slightly farther indand dem-
onstrates that the island has accreted seawind
during its hiztory, all good evidence for an abun-
dant  terrigenous sedimenl supply  to central
Padre Island. Thercfore, the shell concentration
on Padre Tslamd most be a sorting phenomenon.

Longshore Dyt

There is abundant evidence for a convergence
of littaral drift on central Padre Tsland io addi-
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tion to the sedimentelogic evidence of the threo
transitinn zones describod above. Accaording o
Lohse (1953}, the currents of the north Texas
coast move to the soirth and the currents of the
south Texas coast move to the north Lo a meet-
ing plues at about lat, 277 N, Curray (1960) cor-
rectly nhserves that the convergence Is not ac-
tually stationary, but migrates north and south
along the cnast in response to seasonal chanpes
in wind direction. Deift battle data lor the Texas
and l.ouisizag coasts indicate thal most of the

currents are directly wind deiven (IKimsey and
Temple, 1962 and 1063; and Watson and
Behrens, 1071}

Monthly wind data collected by the TLS,

Weather Burean station at Cocpus Christi for
the years 19511960 give the average velocity
and duration for cach of 16 compass dir
I detormined monthly, anoual, and 1 vear vee-
tor resulianis for both velooity and velocicy
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pridivelar to the shereling, The shell oo
wrersus dizlanes I |r'(|\»‘-|r| from the edge
plutied fur o = Is
Lhe lgach th
the upper lel1-hnnd phis

inoeiles that the traverse ia anI* of ]\hn ficld I
The siqull x by the tracs of the zraph denores the
approximale location of the crest of the sterm berm
on each Lraverse, Nore the irregular 11 eon-
tent seaward of the storm herm 1
shell content landward from it
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MEAN MONTHLY WIND DIRECTIONS
1951 - 1960
CORPUS CHRISTI

—NMean manthly wind directions Lor Corpms
14-.1 1%0 Thiror wn represent the
ails cletermi
crod at Corpas Chisc,
hown 18 the veclur e

arperioed. The AV LLE,
s of all ol the menthl or resullant
Lhe 10 seqr perind that Lhe
o und the average direerion sepucale
urLhers fram the snmmer replme
if March i3 taken to be a trans-

of atrong =
tinnal moarh.

suuared [or the Corpus Christl data (fig. 5). The
annual res nt for the U vear perind ranges
between 111% and 1353% with a L0 year resnltant
of 1212, ke rosyltant foe V® ranges between 110°
and 13 thoa 10 year resultant of 123% Nata
for 1065 and 1966 fall within the Hmits of the 10
yvear data described abowve, In addition Price
(1933} presented a veetor diggram of the wind
, duration, and square of the velocity for
e 1023-1930. The annual vector sum die-
d [rom Lhis diagram is 120°% Thus several
difTerenl. computations of the vector sum of the
winds for Corpus Christi a1l provide an annual
vector sum of ahout 1207
A wirnd blowing inlo a copcave shorelineg snch
as the south Texas coast will produce wawves
which in turn will produce a convergence of
longshare drilt at the pwint where the wind di-
is aotmal o the shoreline (fig, 6. The
ction of the net annuzl resultant wimd for
Corpus Christi is about 1207

# whichis normal o
in the wvicinily of Aranzas Pasa
suggests a net convergence of longshore
athat area, Although at any one time sedi-
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IDEALIZED NET DRIFT RELATIONSHIPS

NET ONGWORE
WING

l"nx G. Tide Ii:wd 1et |lri[r. l'\‘_"lfi

rt“l'mr'ted As 1|19\r bredk Llu_ b q gpl1e1 eu ]\,u|.,-
shore current due Lo thie oblique appro: <_h L
shoveling. This curcent is sfrang
distance [rom the central point where e w
proach Lhe shorcline ar the greatest angle. Thue e
decreases 1o masuituds raward the ce where it
dimingsty ozero heeanse the wive upprosch pa
will the shorcling at the painl where the wind
Lo is unrmal to the shoreline and oo emerent
penerated.

ment iz either moving w the north or to the
south through the entire aren, the long lefm ol-
Iect is the net converpence of longshare drife,

The convergence location determined by wind
analyeis at a single point is ooly
Sedimentation at inlets can be uaad ti st
more exactly the location of the lonp-term con-
vierwence, The south jeiiy of Mansfeld Pass Las
accumulated a huge fillet of sand while the
beach just norih of the norih jetdy is eroding,
This indicates a strong net liwral drift to the
north at Manslield Pass. Aransas Pass had a his-
tory of migration Lo the south before s liza-
tion (U.S Army Corps of Engineers), Spit de-
veloprent at Corpus Christi Pass during closure
demonstrates that the net deilt ar that point is
to the south,. Therelore, if the net littoral drifc
is to the south at Corpus rizti Pass aind to the
north at Mansfield Fass then there must he a
ned convergence of littoral deift heoween these
oo points, This convery avides the mech
anism to supply large amoun ell material
to central Padre Island. However it will also
provide a very large ferrigenons supply as well.
In fact, it should cesult in the greatest toral
seilliment supply of any beach anvwhere alony
Lhe coast since sediment is being lrought in from
the south and from the north, and onee into the
convergence ared littoral drifc can ne longer
CArTY It awny.
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Wind Deflation

Within the convergenee area shell is coneen-
trated on the beach by wind defiation of Gner
orai The much finer tecrigenons sand can be
Blown inland to ferm the foreduncs, wegetated
flats, and the wind-tidal flat fnfill of Laguna
Madre, Some of the exeess sand may also eventn-
d-l} wontribute to Lhe acolian sand plain on the
(fig, 1), Since the coarse shell material
cannat blow inland and cannet be removed by
littoral drilt it concentrates on the beaches of
the convergence a CUhnly smnall amonnts are
washed inlavd oo hurricane washover fans wh
the foredune ridge is poorly developed, Thus the
bination of a convergence of littoral drift and
sequent wind defation of the finer terripe
nous sand resulis inoa huge accumaolation of shell
al in the center of an ubundant supgply of
cnons sediment. Abondanes of organisms,
ot lack of tor igenons sediments is not necessary
to provide this rarbonate concentration,

PALIOENVTRONMENTAL INTERPRTTATIONS

The results of thiz study of recent sediments
can be dircetly applied (o the explanation of
some other regent and some Pleistocene sedi-
ments in the same arean, The old <holl besch
sediments behind rhe present faredune oidge on
central Padre Islamd aned v front of an older
duse sidgs: must surely reprosent a shell beach
directly analogous to the peesent one, The shell-

rich rock suleropping along the wost shore of
Laguna Madre is Bably a Gulf beach of the
Pleistocene (7)) Ingleside complex. € uTEOTY

examination deonslrater that it has approsa-
mately the same assemblage enmposition as Lhe
maodern shell beaches and has both a northern
and southern asscmblage provinee with the
transition zone in approsimately the same loca-
tion as on the modern beavkes, [t ig likely then,
that the peneral confizuration, wind ecirculation
and thus the littoral drift patterns were very
similar to the prosent on this aocient Gulf of
Mexico beach.

SUMMARY

I A littoral drift convergence on centeal
Padre [sland causes shell and sand from the en-
tire o to accumulate in the conwvers
ATeA,

2. Shell is concentrated on the beach by aeo-
Lian deflation of finer grained terrigenons sand.

3. The excess =and iz blown inland to contrib-
ute to the extensive infilling of Laguna Madre
by wind-tidal flats, and perhape ultimately 1o
contribute to the asolian sand plain of the main-
land,

The greal simi
beactes of the Tugle

st

of the Pleistocens: shell
de complex suggesls that
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the general coasthine esnlgoradon and wind
patterns were similag o modern wind patterns
atl the dme of their formarion.

5. Large carbonate accumulations can occur
as @ result of & sorting process in an area of great
terrigenous sodiment supply.
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