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_ABSTRACT

A‘subsurface study including 300 electric Togs plus 7‘cores, in
addition to surface mapping from air-photo mosaics and 1 foot contour
‘maps was used to delineate the subsurface stratigraphy, depositional
environments, physiography, history of delta growth, delta type, and
reservdir continuity associated with two progréding distributaries of

- the Rio Grande delta.

Age relat{onships of the distributaries on the delta plain indi-
cate thé pfesence of 3 subdeltas since early Holocene, while C-14 data
from 5 boreholes verify the age differences of the De 1a Gringa system
(5000 B.P.) and the Southern system (7000 B.P.).

Thrge major'stratigraphic units - upper, lower, and basal - are
defined from subsurface correlation of the De 1a Gringa system while .
four definable units - upper group, middle, lower, and basal units -
are defined from the Southern system.

| ‘ Environments of deposition based on geometry, paleocurrents, tex-
ture, beddinj,‘and microfauha indicate that fluvial, fluvial-marine,
brackish marsh, interdistributary bay, and natural levee characteris-
tics are associéted with the upper unit of the De 1a Gringa system,
while prodelta and bay-distributary mouth characteristics are asso-. |
ciated with the lower unit, and the basal unit is represenfed by a
vtransgréss1ve sheet sand. In relation to the Southern system, fluvial
environmenfs occupy the upper group, fluvial-marine the middle unit,
prodelta environments are associated with the lower unit, and a trans-

gressive sand.(similar to that underlying the De 1a Gringa system)
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occupies the basal unit. In addition to the parameters mentioned'
above, clay mineralogy, heavy mineralogy, petrography, and permea-
bility and porosity were determined (where possible) for each environ-
ment.

Both the De 1a Gringa and Southern systems are post-Pleistocene
and developed as two separate events. The progradation of the Southern
system with subsequent channel shifting and erosion of underlying units
took place approximately 7000 years B.P. .Abandonment of that system
occurred before progradation and onlap of the De 1a Gringa system to

~the north.

The delta model, which begins with the deposition of isolated
sand elements on the prodelta and delta slope, and ends with the de-
velopment of a wide multiple meander belt with cut-offs and clay plugs
is discussed in detail. The relationship of this model to the con-
structive lobate-elongate'models of the Lower Wilcox (Eocene) is
cbnfirmed..

Lateral and vertical indexes of continuity were determined for
sands in each of the depositional environments. Lateral indexes
1ndic§£e that the fluvial-marine sands are the most continuous (1.0)
parallel and perpendicular to progradation, within a restricted depo-
‘sitional system. Delta front "sheet sands" which cross channel systems
and are commonly shown in generalized delta models are not substan-
tiated in this detailed study. Fluvial sands are more continuous
parallel (.83) than perpendicular (.45) to progradation while in
prodelta'Sands the reverse is %rue. Vertical continuities for the

e
v
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fluvial-marine sands are slightly better (.84) than down dip fluvial
sands (.75). Updip vertical continuitfes of fluvial sands range..S-.s,
while vertical continuities of prodelta sands average .58. The pro-
duct of vertical continuity (X) average isopach thickness indicates

the excellent relative measure of reservoir potential for fluvial-

marine sands (17.0) as versus fluvial (10.0) or prodelta (2.0).

" KEY WORDS: Continuity, stratigraphy, depositional environments,

reservoir potential, delta model.
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INTRODUCTION

The close.re1ationship between deltaic sedimentation and the for-
mation of reservoirs for the accumulation of 0il and gas has led to

extensive study in recent yéars of the complexities associated with

deltaic deposition.

Modern studies of deltaic sedimentation initiated by Harold N.
Fisk contributed significantly to the knowledge of depositional and
environmental aspects associated with recent deltaic sediments. The
"depositional framework of the.Mississippi delta as studied by such ,
workers as Fisk 93_91,4(1954); Fisk (1961), Coleman and Gagliano (1964), |
Kolb and Van Lopik (1966), Frazier (1967), and Gould (1970) have led -
to the development of a deltaic model which is applicable to both
mddern.and ancient deltaic complexes.

Publications concerning other hodern deitas such as the Rhone
(Comkens, 1970), the Niger (Allen, 1964, 1970), the Guadalupe (Donald-
- son, 1970), and the Cdlorado (Kanes, 1970), have delineated the broad
aspects of deItaic.sedimentation in systems differing from that of
the Mississippi.

Much of the work done concerning aspects of deltaic sedimentation

is synthesized in summary volumes such as Recent Sediments of the

Northwest Gulf of Mexico (Shepard, Phleger, and Van Andel, eds., 1960),

Deltas in their Geologic Framework (Shirley and Ragsdale, eds., 1966),

Delta Systems in the Exploration for 0il and Gas (Fisher, Brown, Scott,

and McGowen, eds., 1969), Deltaic Sedimentation, Modern and Ancient

(Morgan and Shaver, eds., 1970), and most recently, Deltas, Models
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for Exploration (1975, Broussard, ed.). Two of the above_summary
volumes deserve special mention. The volume by Fisher et al. (1969)
is excellent for its broad éoverage of delta types, delta models for
exploration, bibliography, and voluminous figures (168) summarizing
the thoughts and ideas of many previous workers. The recent volume
(1975) edited by Broussard is a superb compilation of articles by
numerods workers in the field of deltaic sedimentation. The book con-
tains three sections, the first of which features review and general
studies characterizing deltaic sedimentation. The second and third
present studies of modern énd}ancient deltas respectively - comparison
maps of ancient deltas are included in the appendix. Especially
significant.among the papers concerned with general delta studies in
the above volume is the article by Leblanc (1975, p. 13-85). Leblanc
has done an excellent‘job of summarizing significant studies of modern
and ancient deltaic sediments. His summary table (Table 1) is in-
cluded here as é substitute for what would otherwise be a lengthy
discussion of previous work on delta systems.

A survey of work done on deltas, especially that which is pub-
1ished in the above volumes indicates that although the broad delta
model is defined the details necessary to define and delineate the
stratigraphy, as well.as sandstone geometry, coniinuity, and varia-
bility within thé modern delta complex is lacking.

Data available for the present study, including over 300 electric
logs, spaced at 500 to 2000 foot intervals plus sedimentological data

from seven cores presents the opportunity to develop the detailed,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



AR . MODERN DELTAS ANCIENT DELTAS
. AUTHOR & NAME AUTHOR, GIOL. AGE . '
___ctonn SIGNIFICANCE OF PAPER & LOCATION SIGMIFICANCE OF PAPER
owe MISErSIrS STINETIOR, PO, AN ATSTATIITIN AP WYWRAL BPLTAS
[(1]] Severs) dolten of oF TOF Wneth, VATITTIN [V (TNY, OWPAPENY 1§ BRATTVLY
he vorld (AR TV ARATEA,
—
s SISCYIIED FORMTIUN OF DELTAS 1B BCLATIVELE SAMLON LAKLS.
[ 1} . . Plelotocswss Lobe PATSONTS FIASY DLACRANS SIOLIIG TH VERTICAL SUNTACE MO
W delton of Past M8, €outS SICTIUN OF A DATA, MASIS 1@ DELTA SURTACE WiC
=4 ek 13 1%CLIDED U9 FOST CLAICICAL
wuny PIRST (VW DISCUASIIN A0 TATORS CWIRYINE RILTA CIRSTINFPIY,|
19 Sevealon of 1.V, & DPPLES TWAPY, PRZSPY, § NITOPRIT BIDA, RIMEVIEIA SOVPOAL
Praneylvente TYPES OF OELTAS (N ABPITION T THP TYPP PRVFATID W CTLOOWY, |
Jowston 10T PASYR 0 MERICAY WAREY IFLTA, WWRTITS DAL DELTA, ’
" Teoser Bives Belte TRANIT AR TP 0P STADNTE.  TILPETUTYR TR
. of §.4, Conata CTRATIPICATION 0 APITA STRIWPS VTV CTAR Mewr-aAbd,
hovearact FIRST CRRACICAL STEWT A WESH, TWLTATC MANY, SPfeEes e RPCCHTTIN TRAT CALSTAL PLATY WAS IR §Y WATAS @ W
<1950 isetaeippt Dules, DHORTARCE OF CRIVASATY, IV wr 00 ot aalten TATVITY 46D GRAZOS ATVZRS, MAAXS FTRRT DRAGK OF MASTEVIV:
Lovistens ownLe, MRt B TIPS, of 3t Tesss DFLTATE COASTAL FLATY.
) ZANLY TYXTINNE SNPMEY ¢ SELTA CONVORVTS AW AONCKIPYIVG
*wn . Grversl o vm , TTSIT, AW OTTFTOWr?
. of doltes & sodiasats | O/PS. MADRY TAKPN FIOW paNEIL, 1912, V7 ANV,
ey CACPLLINT PRYSICAAPYIP IPACRTPTION 0P SFLTATP PLATY,
Riosisatspd Selta STODNTATION ASSCTATTD UTTH ey TVLA AWM ALY T
e mmxﬂ&mmml. REPYNTIVN TUR MASTE
. Dt @ 1w M
WASES O ONSLAVATIONS OVER 40-VIAR PLRICH, EXCILLDMP
s SUICRIPTION OF OELTAIC PLALY AYD AlVER DIVERSIFUS, A
ws? Colorode Belts ta TRIFSART AW DCPOSITION OF STDLAENTS O BELTALE PLADK.
Frorsipdre iy UNIQUE DELTA 1% DT IT K4S MUILT 13 2aTH KAMYE
: LNINOIT A% [N A COMTIMENTAL SIS, 00CS BOT
CMBLOEE STMULIRS FORTION OF BATA. .
neits PIATICAAPIED AN STTTCIVD TR CXARACTTS A SYNTWPRTS .
Calorads Oeltsy ASICTATED VITH SYTRAL PARTS AF DILYA, TWRASTS 0
Mesles & Calll. ACLATITVSNTP STTWRTN PRCTIVAPNT § STRATIPIPATION, .
(7] PLAST PAPER OF SCTAILS OF ASLATIORSHLP OF STRINONT YO
P p— EAVISONWENTS OF OLPOSIEION:  SISTRCATARY CKAXNELS, LEVITS, .
iseisaipsl olta as A o8 DELTA FAORT, ALSO BISCUSSES PROCCSSES
OF IAATSE TRARSCALSSION OVER AN AMANOKCD DELTA. STAZSSES
DWORTANCE OF CAUGKEL BIVERSION O DIFOSTTION OF LATEANINES '
COMTISDNTAL & WAMNG, TYPICAL OF BALTAS,
‘wae s mum:}:ﬁ&’;‘-‘r&mmﬂeu&
wr Wisstesippl bulte T8 ALLVAAL VALLTY, 1947 ALPORTS DICLSI FIRSY CO0IS
SICTIONS OF BRATAIC FLAN DENOSTTS, .
STYOT OF A TS OF
nw ATOWPALATA SASTS (LPO7R DELTALE PLATYV), PVSRARTS rif KTWR
ws Riselsstapl Solts DIVIRSIONS,  STIDY BASYD 1% 204 MRIWS, FIRNT Snew op
PROCRADTNG BETRINFTARY OWNTL (PASS) MM DRYTLAR?
OF TICTRSWITE IS W SND,
* wen sTREsses oF OCLTA MSLD 08 STUVY OF
Pomaylvemten of OO DELTAS, 1% SUBSCRIACE CAMORATION, RECOCHIZED Twast
" Ohlsbons TUPLS OF OILTAS (BIADIWT, CSTUARLSE, ARD ABCKATE). STAISSCH
. TIAT CILILAT'S TRIPARTITE SKBOLYISIN JOF TYPICAL OF NOST
SLLTAS. THIS 13 FIAST NAP OF BELTAIC SN MSTAIKTION I3
. SAWRIACE
LY PAPER O ALL OF T2 DEPORITIONAL K¥VLNNKDNTS YPER PP AL
ANS STDLNEHES OF DELTA. LOAD & DEPOLTTIONAL PROCLSSES L. Nlesivatppten of FILST LAVESTICATION OF SAYDSTONG PETAOLEE RESLXVOIRS BY
I 8T AL DIKUSSED, DLICALMS DISTRLSTAXY CKamdgL, LEVIR, MO Mpaloshion Deata €.5.6.8, DCICRIALS SEDDUNTS ASSOCIATCD VITK LAKGE BELTA
Risetselpgl Delte JARSH FACILS OF OTATALC PLALY, RIVLS-NXTE BAR, &% CVGLEX, SASTD LAACILY OX SCOUMMNT DISTALIUTION FATTERXS
PROMELTA, DOTASIS KAS 08 SAR PLSGERS AXD CLAY OF COCTEMINGD 780N VTLL BATA), CLALAED MARSEIL'S CAITEALA
[y PAOMRY BEST PAPER EVER WRITTRR SOT WSUNR, TWAY SAD TO BOVELSS TARIR OMG CALTERIA.
w4 O NOMMA SLASONT DELTA. .
"]
S1igeonte of F1A5T RETRARCE BY PETIOLEUN LIBUSTRY OB APHLICATION oF
Soutn Tutae STUOILS OF RECINT SELMONS TO INTIAPRSTATION OF -
. SEIOSITIAL or
RESLIVORRS.
FIRST BAPYR 0 CTETY ATO DIFTRINPENY A9 SAWHS OF TR
ng . SILUNUS PAT OF OFLTA (IVLTAoFRIY SOFPY SAW), TRRSR .
Risetostopd Salte AXE WST CVRNN SATM TC MLTA, WP AW ST .
. TUPSTRATE MISTRTRCTION OF PALIATRWT STXY AWS, .
wis
. . FIRST DYTATLED FYYDY OF SEDTIVYS 00 RWWP WLTA, WHICR
ot SIIYIRENT TYPP £ DTLTA TUAS TP MUSSTRSTIOT, . :
Shens Bulta BFLTA SUUPACT WAS IETERNTVID FarW MORIW MATA.
PiRsY wre SIS 0P ASIWTARY FTRCTIRS
"s? nooet & SCrTOR F MDININTS ¥ FAST SMT (SDNTTRCS) AP MSRIMTIPT
Riselsaippl Balte BILTA. TLUPATIATIM VT™ £0RF PR, THTS PRPAMLLSIPR
ARE 00 STEATTPICATIIG AW STRCTINOR OF rers,
oeniree OF PNCTES AW STRTETTION,  WLLe woet . VIRY GOUB PATEA OF GRICIN OF CYCLOTMINS, KACH CYCIAWDY
o BICRNTTS NTTTIRY (F NTSRICAL o ot Cortontforess delres | BE3CHISCH W3 ToRRED TC S L I Ly vyl
AP STPOFLTA, TR BENTAL SEA,  SHIFTIRS & BASCLY 07 A
Wissteaippt Sulte AT, O P e Plleuld SIPASIME YPITALIY, EXPLAINS THICK STCTIAS 8 CTCLATHINS.
" KECRNLIN OF CTCLIC AFANR OF OELTA ADDRATL T0 FAPLALS AlL
. QR5LaVAD FEATVELS UF CYCLUTMIRS. MaME (XTERPRCTATHMS
BASED OF FISE'S 1944 AXD 1935 PAPLES, GIuD AXAWLK W0
. APPLICATIVE Y PRISCIZLS, CAITERIA E7C, TN ALLANT T8
. ANCITIT oS,
CON® SIPURY PAPLL 0B WAL UN DELTA Y JCLUPPS . AISIWAL STEUT OF CUTCIIP § UBWAFACE ATA. OMNLEND VITW
o 28y, 31). BESCRINES PICTISES F BT Crvtarmaa &7 0t of L COMRTAY, TATELRAS OF SIDIMNTATIIN (UR) BUCTUCS
Kasisalppt Mlta SOLLDIEG ANE DRLYA STWTINE, AL® BLSCUISES ostoatppl wbasiv, ¥ ot tere N s Lk
. WATA RITUKTIR AFTAR J MATA GAWLIX, ALSO FAKSONTS & DUIVHITIVNAL Mwid.
4 W0 2
CLUAR SRPARY U FLSE°S GUCTPTS UF SKLTALC PRXTISES A et or 0F TRTDALE
nw , SIOINOTATIE,  BUCK DIAuRAYS (LLESIRALE or feroun delte TN, DWRASES I5 1% AT CUWRM MULT SMOA TS,
Aisatasiypt Delte BMLIAIC SLAEIE, SRARGRS LN CRANIL IAPINS &S BELTA of talend ° TACY VK UMD BT CRIVASSING PRIKISS A3 SRECRING W1
ARAXCE BICAIIID MO ITREID . WIS AND MUSSEEL (1939). WEEL THIS IS DELTA-IRINE
Ao, .
FICILLINE SWWAY PAME OF BALLFTWYE AW PREWS B mianaan
' PAVAARTE: MISTRIRTARY (WAL, NATIS RO AP enneyiveaton & Paralsn | V-TINTIATION (0 EYLATIIY FAGLIN.  CIFLFINYR 00 STRTID
Lol AXR COPIRY AW \RDOTALY (ARMCTIRISPEFS OF T PTWIEY Galten of Pena,, Vi Va.,| VTEX FTUTD b7 ORLTAS PrvLeATD 1Y LAVPS AATWVE TRAS N
Nisaloatyph Dolte | Avh TWFI0 BFLATHOPTP T OTWR OFLTA PAPITD,  (WViwS ot e WP (A3 15 T CATZ T fIAEWNIS), GAPS WIRSISSTPPS OVVA
MPPWET CRTIZRLA TR RFTNIELT 1% 1% AWIPNT RIRTWWTS, A% et . .
wa .
. i FINST RAGWAY PAPYR 0 CVLTAIF STVIWNTATING WS M nra STUBY 0 AILIOAL FACTPS SRAATTVRISTEFS, THIFTW Y
“wa n’ll:::. - ATINIPE N6 ATVIRAL WINPRY AFLTAS, IPCAP AWAWSS % Srotatosns ond m:.s ey -l"ﬂlv'-l "
B ot ion | OPITTS M0 RITIAI M7 ATLEWD, U ™ un Westsaipoton 443168 | CWPANINN B S TEPEM 1V TUY MATTVE, W ARP AP
o ey MLTA, of T)itaets SELTAIC BRICTN, PNWHAIS ETRFTPTRAL RITTTIINAL oWy,

Table I.

Compilation of si
deltas (after Lebianc,

gnificant published literature on
1975, Table I).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Kl riast o ST - yaTeMS o
Boventsn deltee of o 188 s of A
. . aled . ey ARD PRUSRCE OF SUISIDUIG BILTAIG FLALS LIUE COLOMD
: SATA OF WERICH 40 CALLPARIA,
’ .
WPRY & SORNETR SPTATLED SPAPRIPTIVN (9 DULTALE AV TIRMTATYK SPRTWPITS,
. Cratotoses dettes = COPANS CAFTACIUS BATAS OF BATIL. VITP STeeTISTIOt
. Sennll ;.
IRWNTUS TraCateEs TWITR POLTA INTTS:  BISTRTRTANY (ARRL LW,
Cratoreves delte of Nt A FATIPY DIITATYS, MARIT TS W
Wyenteg and owes CATE MADP TIATIIPNIN (€ AAPPPS WLTA.
South Bodeta
waus areny o SRTETS MWCTATR VIR
Posaeyiventan deltss of | CTOUTWIG. SERIRS 07 WICtruil, surd, WIre eTLIE
Contral .84 LACE LTS, .
wo " SUAST FATIR T GLICA (M CORFLETE DELTA ST (PAst
e searut dilta Ta0CLTA T SUMIALAL PLALN), CRAMACTINISTICS OF STRINDITS
oy o] Th08 FROSELTA, DILTA SLUPS, DULTA FRNT, AND ODELTA
. . WAL EIVES, ©OTD DU TEMINANCY!  BELTA DA ISED WAl
TOUND 1N VERT SALLLOV X PR VATER, AOXIIZES TWT
5 A8 L s B
a CUANCTIRISTICALLY
SSAISOTI LR 0N OF TWER, ALSO FOLKTS ONT BE 0F PR
BOTA 1aCISS BUICIIAD (3 CMALCTIRISTICALLY BLMBITTIC OF
BEIA. IT I8 SSTAIONTION OF ALL FOKR WIICH 13 CBICEL,
LCALI & WOPSTELS :&m.-gm”nﬁmmm:‘:lu o - nmvmam:‘lwuvmn.mnw
pvind [ LAGRAR (UNTTIATES BELTA Loty A2T) (ICEMITRCLINL SRS
Peles, fromee | gumce, Vits CoM TOTOS. daltas of Ceemn
| mwsvor o & YARORO® S3UNS LITRILARY, STIFCTYIX (¥ SRTWAIS OF WMo
1es | ittt STMCTVALS OF RISSISSIPPL DRLIA, WLl LLUSTIATLD VITW eitas tn Cosl Nossures, | PORTION OF WLTA, TACIES EMEVE N RATIWRTPS T
Hisalsaipyl Belta COLE PAJIOS,  COXCLEDES AL WITE of Sesnts Masis, husols FOMATNS TONTIINS AR TLLSTIATY,
18 OKX DN INIMDIT 8 CHARACTER
o sreNTATIG, SrsoteTeow | s ntsons 53 WAPS PR TR FIRAYTNS,
cuow s s S s CTEL L T T | Mesletwimiiue | DT TR T ciietoar Gl mres e
Bselosigph
CMATY COPLEE ILTAIE PACTES. o it pregfvedid
Py VENY VELL DOTORVITS STYDY 00 SWALL STUWANY LT PXER 19 | WRESS CWWITS M CIALS VATON ARE OF DALTATCLRATY PRIOIY.
Colocade Balts of PAST 30 TEARS ©% LACVIR BERTS BARATVE. CWWTATNR WVATLIR Pomnerivanian daltas of TEEIOME, S, BASTD U (R VELL. OR CETTROP P7R TSP,
Taas 1005 AT COM PTIRS TR 1) CTAS, Contesl W50 404 AECTIORL FICTAAL. .
. -
wes | wn FIRST MTALLID STUDY OF ™™ o comL AW UITTETAAY
Riser Delta, ABCUATE TYPS MLTA, SUSCAISES SETTUK, CISTRLMSTINE tltee 003 (SITLTA, DILTASTOINY PLATIEN, BILTA SUN
. afries ACOMS, MWL SLTs, & CORTIVONTAL SIELT. VL of Seotlond A8 PROBLES SUWP (WITE WU TIRVIWLICY AW COPANF VITR
LLLUSTAATED WITH WAPS, SECTICNS, AXD CORE PROTUS, : Te48 ANWE),  ALNY SPACATERS RETRCAATN: OFSTRRCTIVIL
SIPUAY CUMCTERISTICE OF DNTRONDIT A LITWINCIES PRAST, AFTES STLTA ABARIWENT,
(LR ALY . .
—— Coop SERwXY ETLIVES 00 LA,
woh & v “': mm m:n‘:'m utm::mn'mn. .mﬁ' tapertenee of s m”n oF OLTAS AW TP m: awm uf:a'l.
oot po o2 . LT le GIVIN. TWCATAXCE OF DALTA IV PETOREN [
mp—p————— D P ) WLL-COCUNTNTE PAITR O TIRTE STCTIATYP STRATOC
Larwerrerd WAL OELTA 10RWD T4 SRALUW MY, CITATYS W9 JWVMS AW Ordevinion dealess of s, Y11 A STODINTS AYTR FWR KTUNIAL
Candalupe Bults, TN VTR RLTAIC SPCTNCE bt BRTA, TOPSET PORTION OF aLTA, AISYY SU
Tense TALE oF TEeT LU " SEROSETS A9 TIRAMTES IVATITD TarW NVLTA SPRITS,
. POTYTS OCT RILATIONSNIP O TUTSTMIYPS YO WLTAS.
. STUOY SASED OF 400 FLICTRIC UCE AW 180 SNRLY LS 0F
O ate sedbertation | T ST 1T M Msstvetles die | STTIGANE MUTTOTE v Fe LT e,
cacurs of cIuchT. 0T & SURE of Seathars Tllimls 1 0, 1 ADKT 600 FTXT OF VATFR AS TIPRFT, PAFSTY, 3V
wWTIOnTT 408,
. S—
asoranTe S OVITY A9 WATTIAIEAL OF PUIVINGS STIDITS 0P MITY 08
et frtous daltss " PAZSDNTS SOPRAY (@ CUMETTR (¥ SIDTWYTR NPt
C Sentiond CHIRTA, SLTATWIR, PHOOTLTA SUWE, TWLINS WP
P08, WPIECTS MIVINES RIRAMTING WA CATSTS 0F CYCL0-
T8 (SALIVIL, AISES, URLIPTS, FIC). FIPLATES Cvous
TYDH VITH STRLE SRLTATE PICTSSTR.
vt SESCRISES DELTALC STRDMNTATINS (XWALL DALTAS) 1Y YWRT 1YTARLY|
Sovens deltes of TASDN.  STCRY BASTR ON STOTWNTARY STRCTINA A PPIVTIAWY,
oremen WAL TLLISTRATID AW COOB AAPWEY TAIRE CIVPS.
W
TisAR & ReGVOR
A 08 SWAT SONARY OF THE OO CLASEICS, SESCAINES MCITALS DELTA COWPLPS SINTLAA TV
Ovioste Bolta, e Tt AASIC ASIICTS OF TULS MLTA MO COPAAEE bind Galtse of mm'g‘;,mﬁmp
. A
Venetwala ST VITH THE RISSISSEPPT, MONS, XD BICIR SOLIAS. s VL AT v ot W
] PRESEXTS STAIES UF DLACRARS TO
wer | num SIPETITIVE SELTALC FAGILS SLIDXUS,  LACH OELTA 1088 13
e alasippt Selts SRSACTIRLZED §T PRRELTA CLAYS, WEMTUIG BILTA-FNT s
, SANDS AD C7PER BILTALC-TLALN FACIES, CONTALNS SERLES
OF BETALLED CViS SECTivNS.
: aens OF TNSE TYPES U7 SCANITIONAL STRTICE
Wess Delta CRARMCTIASTIS O DASE OELTA. RICRCSSIVE, CRAMEL
Teasce 7ILL AN TRAMRALISIVE. .
SETAILED STURY OF SCRTREVVS OF 34 TORTLION OF COLORADS U d UTCIOP STURY 07 TUO TYWS OF /LA INETOWS:
hrwien SELTAIC TLAIS A EXTOVIVE MEMLATS O BTLTA FLAE. Ponnsyiveaion deltes prsTRTIIARY PILLS AN DLTA-TAN BIFTY AWM.
ade Belts of Tosasis 15 s uich TIBAL TLAty, (RTEATION., AN WUTISL of Tillmste & lovs OO, 13 RUSSISIFI? S5The
Wodies LS, A2 PV LUSSTRALE SCHDSON, N
wes
. coLTeEon STUMY OF AXCTEVT MALVE OF THE CLASSIPAL GT) MPRT.TYRY fOLTA.
. . e vcelforows daltan | LAMD-SCALE COIS-WIACR (TIR 07 AR wm
of Baglend unnln.vmwmﬂ'lmmmm.
MEITIMNLSCALE mmmmm-ﬂ TS,
WTTOGIT M3 X7 mIrRYY,
' STUPY OF (DOUETY SIYACY oF SULL SIWITIYY SPLTA SFILY WETATLED STCRY (NCTPI0P AW STRUATAY) OF THNT RIVEITYY
10 SRALLW MY, SIATIS W CPRP PRIICS ILLISTRATYS VARCo Perasyiveaton ond SIQERCTS OF CLASTICH IVPIATIVR T IMSTVY, MLTAL, YWPEe
Lt SILTA FACITS, 7ACIPS RFLATHCWIRTPS M CAVMCTLS SVOWATIID Poraton delton of PELTATC AN ALLITIAL EVIMWANTE, SUBKTIWS o BrLTA
Triatty delts, VEn MXE PHICA 409 TANE, Mouth Tesee TRONT, DUSTAUAITARY RWTH SAR, AW BISTRIBWARY (WAL
Tess | ORICTR AR LCRISID, SORY 0F SISTWPTITY FAsy &7
. SANIORIA BELTA ALES NACRIATR, CAR RESCIISIAG 0F PACTORS
"o wren DSTEINTION  TTOTRAR,
paLr . .

N N FIsREs Y AL, SIPCTAL WNLIWP PREPARFR TOR APSPARCR CMLNET% A MLTA
Sunnnvy of STSTENS (W FXPLNRATION PN 1), AVS CAL, CRETAING MATFRIAL
delve eyetems BT SEVERAL STINS (W LITTIRP WWOY, N0 WITA MESTRGS, 4D

BETAIC SEPERITUE, A7 COART TYRTIMAT NLTA SISTPY A
. BILTA SYSTINA <¥ (TNIN RIS, srvvereers
» . Worsd NB ASIFNT o1 Tas,

Table I con't.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5

fine-scaled stratigraphy necessary to aid exploration and development
of reservoirs in deltaic deposits. It is the purpose of this study to
develop the detailed stratigraphy and depositional environments asso--
ciated with two prograding distributary systems of the Holocene Rio
Grande delta. In addition, special emphasis is placed on delineating
continuity indexes associated with sands of the various depositional
environments in order to better quantitatively describe (and predict)

reservoir potential analagous to prograding delta systems.
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PREVIOUS WORK

Previously published work on the Rio Grande delta is sparse and
nothing has been done until now to deiineate the complexities of the
subsurface deltaic environments. |

Beck (1928) studied the soil types of Cameron County and included
in his'report a discussion of the soils of the Rio Grande delta plain.
Beck separated the soils of the delta plain portion of the county into

—— several series on the basis of draihage and the content of soluble
salts. The best drained soils in the delta are those lying on the
natdral levee ridges. ;Thesé are members of the Laredo soil series,
of which three types, a clay, si]ty clay, and fine sandy loam, were

"mapped. Lying along the iowér slopes of the natural levees or resaca
ridges between the belt of Laredo soils and fhe heavier soils in the
inter-resaca troughs is the Cameron clay. This soil is made up of
recent1y depositéd alluvium as is the Laredo series but is finer in
gfain.j Occupying the broad, shallow, inter-resaca troughs is the
Harlingen clay, a soil which is fine grained, poorly drained, and
markedly gray in color. The Rio.Grande soils occupy the most recently
deposited Rio Grande flood plains. These are 1ight-brown to brown
soils and are composed of material that has been washed down from
various soils of the Rio Grande drainage basin.

Trowbridge (1922) did a geologic reconnaissance of the Gulf
Coastal Plain of Texas near the Rio Grande which was incorporated
into a detailed report of the Tertiary and Quaternary geology of the
Lower Rio Grande Region (Trowbridge, 1932). The latter report is a
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7
comprehensive study incorporating the geography, topography, strati-
graphy, structure, and economic resources of the area between the
Brazos and the Rio Grande rivers. Very little consideration is given,
however, to the Rio Grande delta which Trowbridge includes as a topo-
graphic division of the Rio Grande valley. That part of the river
near the mouth of the Rio Grande is simply mapped as “recent fluviatile
deposits". Trowbridge in his 1932 report does make mention, however,
of "numerous mounds, 5 to 30 feet in height, made of clay and known
as clay‘buttes“. He suggested that they may be "clay dunes"--a pro-
posal later exemplified bj'Huffman and Price (1949) for such mounds
found along the coast on the surface of the delta. It is also notable
that the 1932 work contains a fairly detailed section on previous work
in southwest Texas from 1846 until 1926.

Foscue (1932) notes variou; drainage aspects of the delta plain
in his discussion of the phyéiography of the Rio Grande. Such drain- |
‘ﬁge features include: {1) the Rio Grande river, (2) arroyo-type
intermittent tributaries of the Rio Grande at the head of the delta,
(3) one important'distributary of the Rio Grande, the Arroyo Colorado,
and (4) various cutoff meanders, and oxbow lakes known as "resacas”,
which have nb outlet.

Bullard (1942) in his study of the beach and river sands of the
Gulf Coést of Texas demonstrated that the dominant heavy minerals
contributed by the Rio Grande river are basaltic hornblende and pyro-
xene followed by gréen hornblende, garnet, rutile, stautolite, tour-

maline, and zircon.’
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The most extensive study to date in the vicinity of the Rio Grande
delta was that done by Lohse (1952). However, Lohse's work had very
little to do with the delta itself as all samples were collected be-
tween the beach and 10 fathom depth from 20 nautical miles north to
71 miles south of the Rio Grande river. The main emphasis was placed,
on distribution of sediment away from the mouth of the Rio Grande and
the controlling factor of surface winds on such sediment dispersal.

" His study showed that shallow marine and beach sediments are trans-
ported northwestward along the north flank of theldelta and southwest-
ward aiong the south flank and the remainder of the Texas Gulf coast.
Lohse's work showed that the modern shallow marine sediments are
generally uniformly distributed north and south from the delta apex
except for a siight increase of organic detritus southward and down-
slope to a depth between 9 and 9 3/4 fathoms--the depth interpreted

~ as the base of wave action.

Both Cook (1958) and Lohse (1958) have contributed to the recent
literature concerning the physiography and distribution of sub-deltas
of the Rio Grande. Cook (1958, p. 53) suggests that the surface of
the Rio Grande deltas is similar in many ways to that of the Mississ-
ippi Rivep delta and implies that the Rio Grande deltaic development
has been essentially the same as that of the Mississippi except for
the volume of water carried, the sediment load, and the local oceano-
graphic conditions at the river mouth.

Lohse (1958, p. 55) discusses the Recent history of the Rio Grande
deltaic pléin and the position of three subdeltas during Early Recent,
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Middle Receni, and Late Recent or Modern.

Leblanc and Hodgson (1959) consider the physiography of the Rio
erande delta and its relationship to the post-Pleistocene sea Tevel
rise in their discussion of the origin and development of the Texas
shoreline.

Harrison (1972) and Fulton (1973) completed preliminary work on

the Rio Grande delta, some of which is incorporated into this study.
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METHODS-DRILLING, LOGGING, AND CORING

Wells in the study area were drilled with a Failing 1500 drill rig
and logged with a WIDCO Logger. Deep holes (150 feet) were drilled
with a Franks 1500 rig. For sénd sections, cores were taken with a
modified Osterberg piston core 1 meter in length. Clay material (in
cores) was taken with a straight hydraulicvpush Shelby tube. The

~ cores were oriented and the Osterberg cores were retained in the Shelby
tubes. Those holes that were not cored were drilled with a fishtail
bit usihg Baroid Aqua Gel drilling fluid. A1l drill hole locations

wefe surveyed by p]anevtable;
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GEOLOGIC SETTING

The post-Pleistocene Rio Grande delta has a subaerial area of
approximately 3,000 square miles and forms the terminus of the Rio
Grande River, which drains over 171,000 square miles (Smith, 1956,

p. 250). 'The following discussion of the drainage basin of the Rio
Grande is from Lohse (1952, p. 35).
_ The Rio Grande originates at the crest of the con-

tinental Divide in the Tertiary volcanic rocks of the

San Juan Mountains of Colorado. From there, it flows

south and southeast across the andesite and rhyolite

lava flows, the Archean schists, the conglomerates and

- other Quaternary deposits. of New Mexico, receiving sedi-

ment from scattered but significant outcrops of Tertiary

granite and Lower Permian sedimentary formations. From

the Texas border to the Gulf, the Rio Grande receives

sediment from the Tertiary volcanic and intrusive rocks

of the Big Bend and Rio Conches watershed, the Pecos River,

the Cretaceous system of southern west Texas and northern

New Mexico and finally the Cenozoic and Quaternary de-

posits of the Coastal Plain.

In the jmmediate vicinity of the Rio Grande delta (Fig. 1) Pliocene

" ahd Pleistocene formations flank the Quaternary alluvium of the Rio
Grande valley. These "terraces" from oldest to youngest are Pliocene
Citronelle, and Pleistocene Lissie, Oberlin, and Eunice. Doering
(1956) gives a detailed discussion of the correlation of these units
from the Rio Grande'delta to the Apalachicola area of western Florida.

Although the Rio Grande river system presently has an average
water discharge of 5,180 cu. ft./sec and an annual sediment discharge
of 19,000,000 tons (Smith, 1966, p. 250), it no longer carries suffi-
cient sediment either to advance the delta seaward or to maintain it

againstmhe erosive energy of the Gulf of Mexico on the east or Laguna
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Fig 1. Map of Pliocene and Pleistocene terraces adjacent to the Rio
Grande delta.

Qal = Alluvium

gg f 5321??n Quaternary (Pleistocene)
Q1 = Lissie

Pc = Citronelle Pliocene

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

Madre on the north (Lohse, 1958, p. 56). As a consequence, the present
Rio Grande deltaic plain is undergoing regional transgression and the

delta front has become a high energy coastline.
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PHYSIOGRAPHY

A summary of the physiographic features of the Rio Grande deltaic
plain is presented by Leblanc and Hodgson (1959, p. 205) in their dis-
cussion of the formation of the present shoreline configuration of the
Texas coast. The principal physiographic features of the Rio Grande
segment'of the shoreline and the topography of the adjacent inner con-

~ tinental shelf are shown in Fig. 2.

The Recent alluvial valley of the Rio Grande, which widens down-
stream of Harlingen, becomes part of a much wider deltaic plain. This
de]taic plain is charaéterized by abandoned meander belts (Tocally
called resacas), mud flats, inter-meander belt Towlands, and clay dunes
(Leblanc and Hodgson, 1959, p. 206). The best developed meander belts,
which contain numerous oxbow lakes, average about 1.5 miles in width
and rise about 5 to 15 feet above the inter-meander belt lowlands.

The seaward gradient along these abandoned courses is approximately

the same as that of fhe modern Rio Grande--about 1.25 feet per mile.
Resaca De 1a Gringa (see Fig. 3), which is one of the abandoned dis-
tributary systems studied in this report, is similar to the general |
physiographic description given by Leblanc and Hodgson (1959). Meander
belt width of the resaca ranges between 1 and 1.5 miles. Natural .'
levees adjacent to the resacas averages between 10 and 15 feet high

and slope gradually into inter-resaca lowlands.which are approximately
5 feet above sea level. Resaca number 6 (Fig. 3) and its associated |
distributary systems which were examined in detail in this study are

older than the De 1a Gringa'system and consequently have much poorer
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7
topographic expression. Natural levees average only about 5 feet above
the inter-resaca lowlands and meander patterhs are very poorly exposed.

That portion of the Rio Grande de1teic p]ein whicﬁ lies within 10
to 15 miles from the Gulf and south of Laguna Madre hasian inter-meander

~ belt characterized by extremely shallow water bodies (Bahia Grande and

.San Mart1n Lake) and also a number of large mud flats. Other distinc-
tive topographic features of the area are the clay dunes, which reach
elevation of 30-40 feet above sea level and vary in length from one-
fourth mile to about eight miles. Huffman and Price (1949) and Price
(1958) have 1nterpreted that these c1ay dunes were formed by windblown
f1ne-gra1ned sediments derived from the adjacent mud flats occurring
between the meander belts. 0bservat1on of these "clay dunes" dur1ng
a visit to the Rio Grande delta in the summer of 1972 indicated the
presence of oyster shell layers and contorted bedd}ng within these
“windb1ewn" deposits. It is highly possible that the previous inter-
pretation of theiorigin of these deposits is incorrect and represente
an avea of future study. |

Mapping of the Rio Grande deIteic plain from air-photo mosaics
and one foot contour topographic maps indicates the presence of at
least 10 distributaries associated with Recent deltaic progradation
(Fig.»3). Relative ages of the channels were determined by cross-
cutting relationships and sharpness of topographic expression. The
oldest resacas mapped (7, 8) are unnamed, have poor topographic i :
expression, and are not well defined chronologically in relation to

more continuous younger distributaries.
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Resaca 6 (also unnamed) is characterized by three associated
channels within the study area. Relative agé relationships indicate
that channel 6-A is the youngest, 6-B intermediate and 6-C the oldest.
C-14 wood dates in cores F5-22, F5-25, and F4-1v(Fig. 4) at depths of
60-65 feet associated with this system indicate that active sedimenta-
tion was occurring approximately 7,000 years before present. Resaca
De la Gringa located in the northern part of the study area is younger
than resaca number 6. C-14 wood dates from cores 15-25 at a depth of
37 feet and 16-2 at a depth of 55 feet (Fig. 4) indicate that this
channel was actively progradihg approximately 5,000 years before pre-

| sent. Resaca De los Fresnos and Resaca De los Cuates, which are pre--
sent between Resaca De 1a Gringa and the Pleistocene boundary, give
evidence of continuous deltaic progradation in this area at some time

; since 5,000 years ago.

In the southern part 6f the.mapped area bordering the present Rio

. Grande are Resaca Del Rancho Viejo and Resaca De la Palma, the upper
portion of the.modern Rio Grande and both Town Resaca and Resaca Del
Tigre (which are oﬁtside the mapped area), all of which are part of
the "Middle Recent" Del Tigre Subdelta (Fig. 6). Resaca Del Rancho
Viejo and Resaca De 1a Paima are denoted as A (younger) and B (older)
to show their close association with tne present Rio Grande, even
though both pre-date the present Rio Grande channel.

The age relationships between Arroyo Co1ofado and Resaca Del
Rancho Viejo, Resaca De ia Palma, and the present Rio Grande is not

“clearly defined within the mapped area. Lohse (1958, p. 55) states

R . o .
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Fig. 5. Los Cuates Subdelta-Early Recent.
Main drainage in Resaca De Los Cuates
and Resaca De Los Fresnos. Deltaic
platform prograded seaward of present
coastline. ?After Lohse, 1958, p. 5§).
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that during the building of the Middie Recent Del Tigre subdelta the
Arroyo Colorado entrenched the Montgomery Pieistocene surface. This
seems to agree with the age'relationshﬁps defined by present mapping
“and would chronologically closely associate the Arroyo Colorado with
delta progradation to the south. |
The relative age relationships of the abandoned mgander system of
the Holocene deltaic plain within the mapped a§ea indicates at least
two main centers of delta progradation: one to the rorth which is re- |
flected by Resaca De Tos Cuates, Resaca De 1os Fresnos, Resaca De 1a
Gringa, Resaca 6, and possibly'resacas 7 and 8. This system corres-
ponds with the Los Cuates subdelta (Fiy. 5) defined by Lohse (1958,
p. 85). The present Rio Grande and older.sub-para11e1 distributaries
including Resaca Del Rancho Viejo and Resaca De la Palma as well as
~ other channels outside the mapped area reflect a delta progradation to
the south and correspond tb'the»Del Tigre subdelta defined by Lohse
E (1958, p. 55, Fig. 6). In addition, Lohse (1958, p. 56) defines a
third subdelta (Fig; 7) in which the ancestor of the modern Rio Grande
shifted northward to occupy the lower portion of the modern course.‘ |
This most recent shift in depositibn occupied a delta flank depression
common to both the Los Cuates and Del Tigre subdeltas. Concurrently |
with the development of the modern subdelta, the two older. subdeltas
were continuing to undergo subsidence and marine transgression.
The Rio Grande delta plain is presently undergoing regional trans-

gression and the delta front has become a high energy coastline.
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Fig. 6. Del Tigre Subdelta-Middle Recent. .
: River shifts southward occupying Resaca

Del Rancho Viejo, Resaca De La Palma,
Town Resaca, and upper portion of modern
course. Resaca De Los Cuates subsided and
was transgressed. Arroyo Colorado entrenched
Mongggmery surface. (After Lohse, 1958,
p. . . .
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Fig. 7. Boca Chica Subdelta-Late Recent or Modern.
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River shifts northward to occupy the lower

portion of modern course. Los Cuates sub-
delta eroded by Laguna Madre; Del Tigre
subdelta subsiding and being transgressed.
(After Lohse, 1958, p. 56).
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STRATIGRAPHY

Stratigraphically, the two major distributary systems studied are
complex. For convenience and future reference, the two systems wf]l
be referred to as the De la Gringa system and the Southern system--
the latter referring to the progradational péckage associated with the
unnamed Resaca number 6. For clarity of discussion, the stratigraphy
of the two systems will be discussed separately before an analysis of
depositional environments is made.

| " DE LA GRINGA SYSTEM

The De 1a Gringa system is younger than the Southern system and
consequently onlaps it from the north. In order to determine the
stratigraphy of subsurface units associated with the Resaca De la '
Gringa distributary system, 12 cross-sections were constructed using
data extracted from electric logs. The characteristic electric log
patterns and their corresponding lithologies are shown in Fig. 8.

The patterns shown in Fig. 8 are associated with three 150 foot cores
drilled essentia11y perpendicular to the direction of progradation of
Resaca De 1a Gringa. Core G5-60 (Fig. 9) is located in the meander
belt of Resaca De 1a Gringa near the southern Timit of data éontrol
whi]e-H5-88 (Fig. 10) was drilled off the channel” flank in an area of
close well control in the northern part of the Resaca. The log char-
acteristics are matched with core descriptions available at these five
bore holes. The E-log characteristics at these control points com- -
bined with gamma ray and spontaneous potential log interpretations
(Schlumberger, 1969, Chapter 2 & 10) were used to determine the 1itho-
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logic characteristics of drill holes lacking core control. As can be
seen from Figs. 8, 9 and 10, the resistivity curve is relatively
featureless and of little use in marking lithologic boundaries. Con-
.sequently, lithologic breaks were interpreted primarily from ganma ray

and S.P. fluctuations.

Strdtigraphical]y, three major units can be defined within the

- depositional system associated with the De la Gringa distributary
system. These units include: (a) an upper unit characterized by two
distinctive sand members. The upper sand member has sharp contacts
with underlying silts, ﬁlays, and sands and is surrounded vertically
and laterally by silts and clays. The Tower sand 1ies below and
dccassiona]iy in contact with the upper sand member. This lower sand
is the dominant Tithologic member of the upper unit, although it grades'
laterally and vertically into silts and clays; (b) a lower unit com-
poséd of thin imbricating sand members. silty clays, and clays; and
(c) a widespread basal sand unit. These three major units and their
. assdéiated electric log characteristics are shown in Fig. 8. The

location ofvsectibns and dri11 holes used in the stratigraphic dis-
cussion of the Resaca De la Gringa distributary system are shown in
Fig. 11. |

Upper Unit. The upper unit with its two charécteristic sand mem-
bers is well defined in section C-C' (Fig. 12) which is approximately
perpendicular to the‘direction of progradation of the De 1a Gringa

System. The upper sand member here reaches a maximum thickness of

approximately 30 feet from core H5-90 eastward to H5-60 where it thins
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to a thickness of approximately 10 feet. The sqndAof the upper member
has a sharp contact with the underlying sands, si1ts,‘aﬁd clays as
exemplified in wells H5-90 and H5-40 where core contact is present.
Between H5-90 and H5-14 the upper sands are replaced laterally by'silts
and ciays; Basal contact of the upper sand is primarily with silts and
clays except in core H5-90 where the contact of the upper and lower
sand are gradational with one another and reach a thickness of approx-
imately 40 feet. Southeastward away from the approximate channel
meander belt of the De 1a Gr1nga system the upper sands thin rap1d1y
and are bounded laterally and vertically by silts and c]ays
In section B-B' (Fig. 13), which is a long north-south cross-

section draﬁn parallel to the direction of progradation of the De 1a
Gringa system, the upper sand member of the upper unit is less well
defined and interbedded w1th silts and clays. Thickness here of the
sand is highly variable and ranges from 2-4 foot lenses of sand at

- well H5-66 to a thickness of approximately 20 feet at well H5-40. Be-
cause of the way the cross-section is constructed, the upper sand is
not present north of well H5-23. North of this well the upper sand is

- displaced by silts and clays and thjn lenses of sand which are 4-10
feet thick; As in section C-C', the upper sand has sharp contacts both
laterally and vertically with surrounding silts and clays. Southward
of core H5-40, where the sand member reaches its maximum thickness,
the sand breaks up into 4 or 5 separate units at core H5-66, with each
of the sand members being approximately 4 feet thick and interbedded

with clays. The continuity of the upper sand member here is not as
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good as that previously described in section C-C' at places being in-
defined or entirely absent. The implication of this discontinuity will
be discussed in a later section dealing with sand body geometry and
continuity of these bodies.

To the NW of section B-B' (away from the surface expression of
kesaca De 1a Gringa) the upper sand member is completely lacking,'ex-
cept fof one instance. This is exemplified in two N-S'sections drawn
parallel to the approximate present channel directioh. In Section
G-6' (Fig. 14), which is approximately 1000-2000 feet northwest of
section S-S', the upper sand is completely lacking except for a small
isolated sand body in cores H5-16 and I5-16, which is surrounded ver-
tically and 1atera11y by silts and clays of the upper unit. To:the
west of this cross-section is another short section which is incorpor-

" ated into section D-D'. In cross-section D-D' from core H5-32 south
tq core H6-11 the upper sand member is completely lacking and is
“replaced by silts and clays.

In section D-D' (Fig. 12), which has closely spaced control points
at 500 foot intervéIs,?the upper sand member is continuous from core
H5-24. to H5-39 (app. 8000 feet). In this section which is oriented
perpendicular to the directionvof pfogradation, the upper sand unit
here is'relativeiy thin and veaches a maximum thickness of approximat-
ely 20 feet at cores H5-33 and H5-24, Lateral contacts of the upper
sand member such as exemplified between cores H5-23 and 24 as well as
basal contacts are sharp. Sands of the upper member grade both ver-

tically and laterally into silts and clays.
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In section H-H' (Fig. 14), which is perpendicular to the direction
of the De la Gringa system, sands of the upper unit are somewhat
thicker than in the section previously discussed. The upber sand
here consists of essentially three sand members ranging in thickness
ffom 4-12 feet and separated by intervals of clay. These sands grade
laterally into silts and clays and are overlain by silts.

In section A-F' (Fig. 13), where once again drill hole data points

~ are approximately 500 feet apart, fhe upper sand member is continuous
from core H5-7 to core G5-27, a distance of approximately 8000 feet.
Thickness is variable as the sand unit is lense shaped, but varies
from about 10 to 20 feet thiﬁk. The sand is vertically discontinuous
and is interbedded with silts and clays throughout. The unit is over-
1a1n by silts and 1atera11y equivalent to silts and clays. The basal
and lateral contacts of the upper sand member are sharp and d1sconform-<
able. _

The upper éand meﬁber of the upper unit is well expressed in the
fence diagram which was constructed in the area of closely spaced drill
hole data at the northern end of Resaca De la Gringa.(Fig. 15). In-
this locality the upper éand is present in all east-west sections,
although lacking in a north-south section which is drawn parailel to
the directien of progradation. As in other sections drawn perpendicu- -
lar to the direction of progradation, the upper sand member shows a
nice lense shape bounded laterally by silts and clays of the upper
unit. Vertically, the sand lense grades into silts and sandy silts.
Thickness of the sand is variable but ranges between 10-25 feet thick.
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Lateral continuity of the upper sand member in these sections is less
than in those previously discussed and averages about 4000 feet.
Lateral and basal contacts of the sand member with the surrounding
unit are erosional. .

In summary, the upper sand member of the upper unit ranges in
thickness from 10-20 feet thick and is bounded both laterally and
vertically by silts, sandy silts, and clay. Both the basal and

| lateral contacts are sharp and appear to the erosional. Both the
thickness and continuity of the unit are variable and both decrease
‘away from the present éurfaqe expression of the De 1a Gringa system.
The inverse is trde of silts and clays that flank this upper sand
member. |

The Tower sand member of the upper unit is well defined in all

" cross-sections of the De 1a Gringa system. For stratigraphic purposes
the base of this sand and equivalent lateral units of silt mark the
base of the upper unit. The lower sand of the upper unit is well shown
in section C-C' (Fig. 12) where it is continuous for some 17,000 feet
from core H6-25 southeastward to core H5-60. From core H5-60 to the
limits of data control at core H5-12 this sand member is replaced
laterally with silts and clays. The lower sand in this section variés
in thickness from 10 feet at its northeastward extremity (core H6-25)
to approximately 40 feet just east of core H5-90. West of core H5-14
the lower sand member of the upper unit splits into essentially two
parts--the upper part being thinner and eventuallyAreplaced laterally'

by silts and clays. The upper part of this lower sand member is re-
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placed by the previously discussed upper sand member between cores
" H5-64 and H5-60 before reappearing again as a thin sand in cores
H5-55 and H5-12. Both the upper and lower contacts of this sand are
fairly sharp, although lateral interfingering of this lower sand mem-
ber with surrounding silts and clays is common.

In section B-B' (Fig. 13)'which is the north-south section, the
lower sand member is fajrly well defined and is continuous northward
from core H5-61 to 15-7, a distance of some 17,000 feet. From core
H5-61 southward to H5-60, the lower sand member 1oses‘its integrity as
a continuous sand and is rep]éced for the most part by silts and clays.
The Tower sand member as expressed in this cross-section varies in
thiékness frbm 6 feet at core H5-61 to approximately 20 feet at core
H5-18. The lower sand member is gradational both laterally and ver-

~ tically with silts and clays. | |

in section G:G' (Fig.'14), which is approximately parallel to the |

north-south section previously discussed, the lower sand member retains
its integrity in opposition to the overlying upper sand member which
is almost entirely'absent from this section. The lower sand member as
shown here is composed of two separate sand bodies separated by a thin
(4-6') clay. The upper sand body df this lower member which is con-
tinuous.from cores H6-27 to H5-25 is lense shaped and vafies in thick-
ness from 5-20 feet. The lower body of the sand member is relatively
uniform in thickness from cores H6-5 to 15-15 averaging about 20 feet
thick. The N-S part of section D-D' which extends from core H6-32

south to core H6-11 exemplifies the continuity of the lower sand mem-
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ber in relation to the absencé of the upper sand member previously dis-
cussed.

The lower sand member in section D-D' which contains closely
spaced (500') drill hole data is similar to that discussed in section
C-C' which also is drawn perpendicular to the direction of progradation
but 1ies slightly to the south of D-D'. The upper part of the lower
sand member is present from core H6-30 to H5-23 where it is truncated

| by the upper sand member. The upper part of the lower sand member is
replaced laterally by silts and clays away from the present location
of the De la Gringa chénnel.A The ]ower part of theAsand member is
well shown throughout the Timits of data control in section D-D'
(14,000) although it does thin both eastward and westward and become
interbedded with silts and clays at its extremities. Thickness of the
lower sand member in this section is variable énd ranges from 10-30

| féet, the average being about 18-20 feet thick. Contacts with vertéca]
and lateral equivalents are in many places interfingering although
shafp uheven contacts especially at the base of the lower sand member
are by novmeans uncommon.

To the north of section D-D' in Section H-H' (Fig. 14) the lower
sand member is fairly uniform in thickness averaging 10 feet where it
is oyér]ain by the upper sand member and about 25 feet thick in core
H6-27 where it is laterally equivalent to the upper sand.

The continuity of the lower sénd member of the upper unit is pro-
bably best expressed in the area of close bore hole control at the

northern part of the De la Gringa distributary system. Isometric
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projection ofhthe stratigraphic data from wells at this location show
the lower sand member is continuous in all sections both N-S and E-W
at a depth of 30-50 feet. Thickness of the sand member is relatively
uniform averaging 15-20 feet thick and ranging from 10-30 feet thick.
Interbedded clays and silts are common within the lower sand member
as they are throughout the study area and are well shown_eSpecia11y
in sectfons R-R' and Q-Q'. Bounding lithologies consist of silts and
clays with the upper contact being somewhat gradational while the
Tower contact is usually sharp and well defined.

Although the lower sand miember may at times be in contact with
the upper sand member or be partly composed of silts and clays, it is
characteristically more continuous than the upper sand member of this
unit. The thickness of the lower sand is somewhat variable ranging
genera]ly between 10 and 30 feet Like the upper sand member, the
lower sand usually thins and becomes less well defined away from the
surface meander system (De la Gr1nga) The bounding Tithologies both
laterally and vertically are silts and clays except where the lower
sand is in contact'with the oVer]ying upper sand member.

Lower Unit. The lower unit of the De la Gringa system extends
from the base of the lower sand member to the top of a continuous.sand
unit which is well expressed in section C-C' at a depth of approximat-
ely 100 + 20 feet. Lithologically, this unit is composed of sands,
silts, and clays. The sands and silts occur as lenses and pods bounded |
laterally and vertically by clays which tend to be the dominant Vitho-

| logy of this unit. Observation of the lower unit as expressed in sec-
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tions A-F', B-B', C-C', and D-D' show immediately that any a;tempted
discussion of detailed stratigraphy, especially of thé sand members,
would be difficult and unnecessarily repetitive. For that reason, dis-
cussion of the stratigraphy of this unit will be somewhat more'general-
jzed than that of the sand members of the overlying unit. | |

As can be seen from any of the cross-sections, sand members of

| this lower unit are best described as sheets, lenses, and pods of sand.

Thicknesses of sand within this unit are somewhat variable ranging
from 15 feet thick (Sec_A-F', Core H6-13) to thin 2 foot thick sands
such as those shown in the lower part of this unit in section D-D'.
Continuity of sands in this lower unit will be discussed in detail in
the appropriate section, however, some general observations are
necessary at this time. In sections A-F' and B-B' (Fig. 13) maxfmum_
continuity of sands of the lower unit veach approximately 6000 feet
laterally while various sands at the base of the uhit range between
500-1000 feet laterally. The.same situation is exemplified in sections
C-C"and D-D' (Fig. 12) where'éands in the upper part of the unit are
continubus for 6-8000 feet in NE-SW direction while sands in the lower
part of the unit reach 500-1000 feet 1aterd11y. The discontinuity of
sands in the lower unit in relation to the lower sand member of the
upper is well shoﬁn.in all the E-W sections of the fence diagram.
Here as in the other sections, the sands occur as relatively thin
(4-12' thick) lenses and pods surfounded by silts and clays.

Although the upper unit has two readily definable sand members,

the lower most of which is fairly continuous, the Tower unit is char-
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acterized by silts, clays, and silty clays. Within these silts and
clays are lenses and pods of sand which rarely exceed 10 feet in thick-
ness. These intervals of sand form a significant part of the strati-
graphy of the Tower unit in all the sections, although no one sand
member is distinctly dominant throughout. Geometrically, the sands

are imbricated both laterally and vertically and their cont1nu1ty is
poor compared to the sands of the upper unit.

‘In summary, observations of the lower unit in all sections and
the fence diagram indicate that it is the most complex unit to define
and summarize stratigraphieale. Generally, however, the sand members
in this lower unit are less than 10 feet thick, imbricated, discontin-
uous, and best defined as lenses, pods, or sheets. |

Proh]ems presented by the previous discussion such as: (1) are the
“sand members more continuous para11e1 or perpendicular to the deposi-
tional strike, or (2) what is the vertical continuity of sands in this

. unit, are discussed in detail in a later section.

Basal Unit. The lowest stratigraphically defined unit encountered
in this study is shown in section L-L' where it is penetrated by the
three deepest bore holes. This unit is characterized by sand although
clay members are present in the lower 10-15 feet. This basal sand‘
unit, which is overlain by silts and clays of the lower unit, ranges
in thickness from approximately 50 feet at core H6-33 to 30 feet thick
at core H5-40. Observation of two other deep drill holes in the area
at cores H5-89 and 16-2 (Fig. 16) indicate the presence of a major
sand unit between 100-120 feet. The upper part of this sand unit is

R . o .
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present in the base of nearly all the shallower (100 ¥ 10 feet) cores
drilled and formed the basis of drilling operations in the area. The
evironmental aspects of this unit are important and will be considered

in more detail in the section concerning environmental discussion.

SOUTHERN SYSTEM

Stratigraphic units associated with the progradation of Resaca
number 6 (herein referred to as the Southern system) are shown in both
a generalized and a detailed manner in Fig. 17. As shown in this
figure, units of the previously discussed De 1a Gringa system are
younger than that associated with the Southern system and onlap it
from the nprth. The stratigraphy of the Southern system is somewhat
more comp]ex than that associated with the De 1a Gringa system for
reasons that will be discussed in relation to depositional environments

'~ of these various units.

In order to determine‘the subsurface stratigraphy associated with
the Southern system, five cross sections were constructed both parallel
and perpendicular to the direction of progradation of the resaca. The .
location of these éross-sections is shown in Fig. 18 and 19. Two core
holes, G5-65 and F5-42 are present ﬁithin the Southern system. Data
obtained fkom these two core holes (see Fig. 20 and 21) in relation to
gamma and S.P. logs associated with wells in the area were used to
construct the cross-sections as in the manner previously described for
Resaca De 1a Gringa.

For the purposes of stratigraphic discussion and for maintaining

sand body integrity in the Southern system, one group and three units
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have been designated. The upper group contains four major sand units
each separated by surfaces of sharp erosional contacts (see Fig. 17).
Underlying this group is what is designated as the middle unit--a unit
containing a sand member which for environmental reasons is not present
throughout the area associated with the Southern system. The Tower
unit is characterized by sands, silts, and clays--the sands occurring
as lenses and pods as they did in the lower unit of the De 1a Gringa
system. The basal unit of the Southern system is a continuous sand
layer interrupted as being a continuation of the basal sand previously
described underlying the progradational System to the north. |
nger Group. The upper group and associated complex stratigraphy
is best shown in Fig. 17. This unit contains four distinct sand units
which are nﬁmbered as 1A, 2, 3, end 4 for purposes of stratigraphic as
well as environmenta1 discussion. Although section A-A' (Fig. 17) .
shows the general stratigraphic relat1onsh1p of the units of the
| Southern system, reference must be made to section E-E' for the de-
tailed sand body relat1onsh1ps of these units. Section E-E', which is
drawn perpendicular to the direction of progradation of the Southern
system, was constructed from closely spaced (500 foot) well data.
Sand'unit 1A (Fig. 17) is the least well exposed of the units of
the upper group. Sand thicknesses range from 4 feet at well G5-2 to
approximately 20 feet at well F5-11. Lateral continuity of the sands
in this unit are poor ranging from 2000-5000 feet and are laterally
replaced by silts and clays. In addition to poor lateral continuity,
the sands of this unit are highly interbedded with silts and clays
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which impart to it a poor vertical continuity--a factor which will be
discussed in detail in a later section.

' Unit 2 (Fig. 17) of the upper group lies to the north of unit 1A
and is onlapped from the south by unit 3 and froh the north by the De
la Gringa system. Sand thicknesses of this unit are generally some-
what thicker than unit 1A and vary from 10-20 feet thick between inter-
beds of clay. Lateral continuity of the sands in this unit are some-

 what difficult to ascertain because of the lack of data from the north-
ern end of section E-E', and the southern end of the onlapping De la
Gringa system. Contindity does appear to be better than in Unit 1A--
perhaps on the order of 6-8000 feet. This is only a rough estimate
and is made in conjunction with sections A-F' (Fig. 13) which shows in
detail the onlap of the De 1a Gringa system onto this sand unit. In
a vertical sense, the continuity of these sands is poor as they are
highly interbedded with silts and clays.; Lateral and vertical contacts
of this unit with surrounding units is sharp and 1nterpreted'as being

" erosional.

In sgction E-E', unit 3 is the best exposed unit of the upper
group containing numerous individual sand bodies surrodnded vertically
and laterally by silts and clays. Thickness of the sands in this unit
is hiQh1y variable ranging from 4-6 feet in isolated lenses such as
that in the upper part of cores G5-19 and 20 to 20-30 feet thick such
as the 1ower_sand member of this unit present at cores G5-65 and 5. |
Vertical]y.sands of this unit are interbedded with silts and clays and

exhibit very poor continuity. The poor vertical continuity and lensatic
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shape of the sands in this unit have important implications in relation
to depositional environment. Lateral and vertical boundaries of the
unit with adjacent units are sharp and disconformable. |

Unit 4 of the upper group is not well shown in the detailed sec-
tion of Fig. 17. For purposes of i1lustration the detailed section
E-E' does not contain the extreme southern end of this unit. Detailed
stratigraphy of this southernmost unit of the upper group is shown in
section Z-2' (see Fig. 22).and will be discussed in relation to that
section; Unit 4, as expressed in E-E', contains 2 sand members each
averaging about 15 feet in thickness and separated by a thin 2-4 foot
clay. The unit onlaps unit 1A from the south and has a shérp erosional
contact with both the adjacent and underlying units.

Two other north-south cross-sections were constructed perpendicu-
Tar to thé direction of progradation of the Southern system. The
pos1t1on of these two sections Z Z' and Y-Y' are shown in Fig. 22,

" These two sections parallel the section previously discussed although
well control is at 2000 foot spacing rather than at closely spaced 500
foot intervals. Séction Y-Y' is a short N-S section extending from
well G5-44 south to F5-36 and is designed mainly to show the detailed
stratigraphy.and geometry associated with unit 3. The section was not
extended southward because S.P. and gamma ray data from wells G5-29
and 30 are lacking. It was felt that projection of data across these
two points would essentially defeat the purpose of constructing the
cross-section any further to the south.

section Y-Y' (Fig. 22) shows very nicely the lense shape geometry

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



53"

(1144

\ . 1000 3000
T TRANSGRESSIVE - SAND - 7. :+ /

. o8 CH‘3s ’F__"C_li_‘;_’;__——‘os — . Z
O DAV \ TOT T

PD . . :
\\ - - = = Il . :

-------- o TRANSGRESSIVE: SAND, I°;0 % *o

Fig. 22, SectionsnYeY’ and Z-2'--Southern system.

| . :
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



54

and sharp basal contacts associated with unit 3 at this lodality.
Maximum thickness of the unit is about 50 feet at core G5-7 and thins
both north (G5-44) and south (F5-36) to about 20 feet. Sand is the
dominant 1itholegy of the unit although sandy si]t; are common toward
the top of the unit and clay interbeds are numerous. Laterally equiva-
lent to the sands of this unit are sands, silts, and clays of the
middle unit (1B) and unit 2 of the upper group.

Section Y-Y' is a vertical slice parallel to section E-E' and
located approximately 4000 feet east of it. A detailed stratigraphic
discussion of the various uhifé of the upper group in this section is
not needed as it essentially mirrors what is shown in section E-E'.
Some genera1 strat1graphic analysis is however appropriate. Unit 1A
here is somewhat thicker than discussed in the'previous section, reach-
ing a thickness of approximately 40 feet at well F5-35 and thinning
r;pid]y north-south to about 10 feet where it is truncated by the

_overlying units 3 and 4. The unit contains 3 sand bodies each averag-
ing about 10 feet thick and separated vertically by silts and clays.
Unit 2 1s'penetratéd in wells G5-43 and 42 where it reaches a max imum
thickness of about 40 feet and is composed of numerous sand members

~each averaging 6-8 feet thick. Unif 3 maintains a thickness comparable
to that shown in section Y-Y' at about 40 feet, and thins both north
and south where it has a sharp disconformable contact with units 1A
and 2. Sand is the characteristic 1ithology although interbedded
commonly with silts and clay members averaging 6-8 feet in thickness.

Unit 4, which was not well shown in section E-E',iis exposed in this
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section from its sharp lateral contact with unit 1A (F5-34) southward
to the limits of data control at core F5-31. The unit ranges from
about 15 feet thick at core F5-34 to approximately 30 feet thick at
F5-32. Sand members averaging 8-10 feet thick comprise the dom1nant
1ithology of this unit although they are interbedded with clay 1enses
2-4 feet thick. Both lateral and basal contacts of this unit are
sharp and disconformable with lateral and underlying units.

Section W-W' and X-X' are generally based on data control points
that are 2000 feet apart and are drawn perpendicular to the deposition-
al strike (parallel to progradational direction) of the Southern system.

The stratigraphy as expfessed in section W-W' is somewhat more
complicated than the upper group stratigraphy previously discussed
because of the presence of sand from the De la Gringa system in this '
locality from the north. Sands of the De la Gringa system are present
in section W-W' (Fig. 23) from well G6-12 eastward to 65-55. Sand
thickness of this unit ranges from 30 feet at well G6-14 to approii-
mately 4 feet at well G5-66. Approximate]y 2000 feet east of well
65-55 sands ‘of the De 1a Gringa system are in sharp disconformable
contact and onlap unit 3 of the Southern system. These sands which
have sharp basal and lateral contacts are overlain by silts and sandy
silts, and are interbedded with discontinuous 2-4 foot thick clays,
are interpreted as being the upper sand of the De 1a Gringa system.
These sands which are from the upper unit of the De 1a Gringa system
disappear from the section as the channé]_veers northward away from

the depositional units associated with Resaca 6.
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In section W-W' the only units associated with the upper group of
the Southerh system are units 2 and 3. Unit 3is represented by a thin
4-10 foot thick sand overlain by thin units of silts and clays. The
contact with the underlying and lateral units is sharp and erosional
as in previous sections.

The unit which dominates the upper group of the Southern system in
sectioﬁ W-W' is unit 2. This unit reaches a maximum thickness of some
50 feet at well G5-50 where it is dominated by.30-35 feet of sand inter-
bedded with thin discontinuous lensés of clay averaging 2-4 feet thick.
Because this section is constructed parallel to the direction of pro-
gradation, the thickness,of'the unit does not vary apbreciab1y and
averages about 40 feet thick throughout the 1imits of data control.
.Although lateral continuity of the sand in this section is good, ver-
tical continuity is poor as is evidenced by numerous interbedded clays.
Contacts with both the overlying and underlying units is sharp and
disconformable.

- To the squth of section W-W' the stratigraphic picture changes
somewhat as 1s shown by section X-X' (Fig. 23). In thf;tsection the
sands of the upper unit of the De 1a Gringa system are absent and all
major sand units in this section belong tc the upper group of the
Southern system.

Unit 2 is somewhat thinner than discussed in the previous section
reaching a maximum thickness of approximately 40 feet at core G6-29
and averaging about 30 feet thick. Sands are the dominant lithology

of the unit, although interbedded silts and clays are common. Lateral
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continuity of the sands is good but frequent clay lenses inhibit the
formation of good vertical continuity. Basal, lateral, and overlying
contacts of this unit with surrounding units is sharp and considered
to be erosional.

Unit three is better developed in this section than in section
X-X' which 1ies some 2-4000 feet to the north. Thé unit reaches a
max imum tﬁickness of about 20 feet at well G5-54 and averages about
15 feet thick. Thin sands averaging 8-10 feet thick are common at the
base of the unit, although silts, sandy silts, and thin discontinuous
clays are the dominant lithology.

Unit 4 in section X-X' reaches a maximum thickness of about 40
feet at well 66-15 and thins eastward to well G6-6 where it has a  sharp
Tateral contéct with unit 3. Sands are the dominant 1ithology of the

_ unit reaching a maximum thickness of about 25 feet at well G6-15 and
éveraging about 10-15 feet'thick throughout the unit. -Lateral and

~vértical eqﬁivalents of the sands are the silts and clays of surround-
ing units;

In summary, the upper group of the Southern system contains four
major sénd units with definable boundaries. Sands of these units vary
greatly in thickﬁess (from 0 to 40 feet thick) depending on where the
cross-sections are located and whether or not the sections are taken
parallel or perpendicular to depositional strike of the sands. A
units exhibit sharp disconformable contacts with surrounding units and
onlap and offlap one another in a consistent fashion throughout all the

limits of data control. In general, both lateral and vertical conti-
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nuity is poor regardless of cross-section location. The already com-
plex stratigraphy of the upper group-is further complicated by the
sands from the upper unit of the De 1a Gringa system such as those
that occur in section X-X' which truncate both units 2 and 3 of the
Southern system.

Middle Unit. The middle unit (1B) is not presenf in all cross-

sections and as is shown in Fig. 17 is truncated both laterally and

~ vertically by units of the overlying group. The approximate northern
limit of sediment associated with the middle unit is marked by an E-W
line passfng through well H5-21. In section E-E' the unit is dominated
by a laterally continuoﬁs sahd whiéh ranges in thickness from 6-15 feet
and containé interbeds of discontinuous sand layers averaging 4-6 feet
in thickness. Thickness of the entire middle unit averages 20-25 feet
except at the.extreme southern end of section A-A' where it thickens '
to approximately 40 feet.

In north-south section (Y-Y') the middle unit is penetrated only
in wells 65-13 and F5-36 and varies in thickness from 0 to 25 feet.
Thin 4-8 foot sands are present in the Tower part of the unit which s
characterfzed by silts and clays.

Section Z-2' which parallels E-E' approximately 4000 feet to the
west shows a similar stratigraphic configuration of the middle unit as
was previously discussed. The middle unit here is somewhat thinner
than shown in section E-E' ranging from about 10 feet thick at well
F5-37 to about 25 feet thick at F5-32. Sands in the lower part of

this unit average 10-15 feet thick and are continuous throughouf the
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lfmits of data control as they were in section E-E'. Upper contact of
the middle unit (1B) in this section is interpreted to be disconform-
able in nature although the Tower contact is more likely to be grada-
tional. Silts averaging 8-10 feet thick are common in the upper part

| of the middle unit while thin 2-4 foot clay beds are commonly inter-
bedded with and laterally equiVa]ent to the sands at the base of the
unit. |

In summary, the middle unit of the Southern system varies in

thickness from 0-25-40 feet thick. The highly variable nature of the
unit is a response to the fact that its upper surface is in sharp dis-.

| conformable contact with the overlying units 6f the upper group. The
lower contact of the unit is marked by a sand layer ranging 8-20 feet
thick. This lower sand layer has good lateral continuity but contains
numerous 4-6 foot -thick clay and silt layers which are detrimental to
its continuity in a vertical aspect.‘
© Lower Unit. The Tower unit (IC) associated with the Southern
system is very similar lithologically to the Tower unit described in
the De la Gringa system and will be discussed here in on1y4a brief
general fashion--in essence a summary of the unit. Lithologically,
the unit is composed of sands, silts, and clays although in opposition
to the previously discussed units sands are not the dominant entity
and cdmbose approximately 1/5-1/3 of the unit, the remainder being
silts and clays. Sand within the unit vary (see Fig. 17) from 8-10
feet in thickness and are very discontinuous both laterally and verti-
cally. The upper contact of this lower unit is usually gradational

'where it is overlain by the middle unit and sharp and truncated where
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it underlies unit 2 (see Fig. 17). At its northern extremity, the
lower unit underlies depositional units of the De la Gringa system as
is exemplified by the general stratigraphic cross-section A-A' (Fig.
17). |

Basal Unit. The basal unit underiies the entire depositional
packet associated with the Southern system. This unit has a slightly
irregu]ér top and is penetrated in all wells at 100 + 15 feet. The
E-log data associated with well F5-41 (see Fig. 18) indicate that the
thickness of the unit is approximately 30-40 feet--similar to that
penetrated {n the basal unit underlying the De la Gringa system to the

northt
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CORE CHARACTERISTICS

Clay Mineralogy

Methods. A1l samples for clay analysis were treated with sodium
hexametaphosphate and subjected to ultrasonic disaggregation. The
samples were allowed to settle 14-16 hours to obtain the spherical
diameter equivalent of the less than 2 micron fraction. ‘If the clay

~ was not adequately dispersed at this time, it was washed by decantation
or centrifugation, stirred and alloWed to settle another 14-16 hours.
At this time a 50 ml amount was gently poured'into a centrifuge tube.
One drop 5N HCL was added and the mixture was centrifuged for 2-3
minutes or until the supernatant liquid was clear. The supernatant
liquid was decanted off and distilled water was added to flocculate
the clay and develop a clay water suspension. The mixture was then
resubjected to ultrasonic disaggregation for 30-60 seconds at which
time a clay-water suspension was pipetted to a glass slide and allowed
td air dry to achieve maximum particle orientation. Samples were run
in the Qntreafed, glyocated, and heated forms using'CuKe< radiation
at 20 and 49/min.

Results of the clay mineral analysis indicate that ﬁontmori1lonite, |
{11ite, and kaolinite are the clay minerals present. Peak heights of
each of the clay minerals were measured.‘ The,measqred values of mont-
morillonite was multiplied by 3, illite by 2, and kaolinite by 1. The
resulting values were then normalized to 100 percent to give a relative
estimate of the clay mineral abundance.

Samples from cores HG-33, H5-40, and H5-90 (Figs. 26, 27, and 28)
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were taken at 4-foot intervals producing a total of 154 clay samples.
The samples were X-rayed at the Gulf Research and Development Lab,
Pittsburg, under the direction of Dr. Wayne Pryor. X-ray traces from
this earlier work were available for inspection and Qere compared with
various "spot check" samples that were re-e*amined during work on this
study. No discrepancies in X-ray patterns were observed, allowing peak
height data from the Gulf X-ray traces to be used for semi-quantitative
clay mineral percentages from this study.
Sampies from cores 65-60, G5-65, F5-42, and H5-88 were collected
from the core at 2-4 fdot intervals allowing of course for missing
" core and clay poor sediment. Samples from the remaining cores (see
Appendix) were taken from bags containing cuttings from these wells.
Samples were generally run at 10-20 foot intervals depending on the
depth of the well and the intervals at which cuttings were taken.
| In total 333 samples’were X-rayéd, the results (see Fig. 26, 27,
28 and Appendix) indicate that‘mbntmor111onité is the dominant clay
minéra], followed by minor amounts of kao]inite'and illite. TheSe re-
sults agree with what Morton (1972, p. 85) found for the Holocene
Guadalupe delta which is located about 125 miles north of the Rio
Grande delta. Morton found that montmorillonite (smectite), illite,
and kaolonite were the predominant constituents of the less than 2
micron size fraction for all environments sampled. These environments
included delta plain, delta front, prodelta, and bay. In addition,
Morton also sampled the Pleistocene sediment surrounding the delfa.

The work done by Morton (1972) and that done in this study do not
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agree with that done by Grim and Johns (1954). Grim and Johns (1954,

p. 94) collected samples from Aransas Bay, San Antonio Bay, and the
Guadalupe delta (Rockport afea). A11 samples collected were from core
depths of less than 60 cm. The results of their clay miner§1 minera-
logical ahalysis indicate the presence of montﬁori1]onite, chlorite,

and i11ite as being the dominant clay minerals--kaolinite in their

study was considered to be present in only trace amounts. Furthermore,
Grim and Johns (1954, p. 95) found that samples from the Guadalupe delta
contained 20 percent illite and chlorite, the rest being montmorillonite,
while those in the bay éreaé and inner Gulf localities contained 70
percent i11ite and chlorite (in approximately equal amqunts) and about
30 percent montmorillonite. ‘He attributed this change, i.e. the de-
vélobment of illite and chlorite from montmorillonite, to diagenitic
affects after ruling out preferential sedimentation,‘chénge in source,
and samples which represent material of different geologic age. The
“writer, although not attempting to rule out diagenesis of clay minerals
or their usefulness as environmental indicators, agrees with Morton

that the work of Grim and Johns (1954) may be in errbr due to the inter-
pretation of X-ray data.

Kunze et al. (1955)'samp1ed the Harlingen clay (Recent Holocene) .
and Willacy soils of the Beaumont Formation (Pleistocene) which are on
and adjacent to the Rio Grande delta plain surface. Their findings for
both the Holocene and Pleistocene sediments were that the predominant
clay minerals were montmorillonite with minor amounts of illite and

kaolinite (p. 381)--there was no mention of chlorite in any of their

analyses.
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The conclusions reached by Morton (1972, p. 85) for the Guadalupe

delta are that the clay minerals of the area studied are interpreted
as being an indicator of clay minerals in the source area based on
evidence that they: (1) are the same for buth Pleistocene and Holocene
sediments, (2) are not related to changes in depth, (3) are not sig-
nificantly different for fresh water and brackish environments, and

’ (4) are essentially the same as those in the source area. The same
conclusions appear to be applicable to the clay mineralogy of the Rio
Grande delta. |

Bedding and Texture

Techniques. Grain size analysis of sand from core G5-60, H5-88,
65-65, and F5-42 were made dsing a Hydraulic Equivalent Sediment
Analyzer (HESA) similar to that designed by Anan (1971) and that pro-
duced by BENTHOS, Inc.*

“The principal Component of the sediment analyzér is a verticél]y'
mohnted, clear plastic tube 10 inches in diameter filled with distilled
water to a depth of 1 meter. Sediment samples weighing between 3-5
grains are deposifed at the top of this column and allowed to settle
to the bottom. A sensitive differential pressdre transducer located
near the base of the settling tube measures variations in the tube

pressure as a result of introduction of the sample and the effective

increase of the column density. These variatibns are compared with

*BENTHOS type 341 Rapid Sediment Analyzer--BENTHOS, Inc., North
Falmouth, Massachusetts 02556.
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the pressure at the base of an adjacent reference water column to
which no sediment has been added. Output 6f the transducer is fed fo
the electronic console containing necessary signal processing networks

A‘and the X-Y chart recorder. The larger particles tend to settle past
the transducer more quickly than do the smaller grains such that a plot
of pressure versus time at the column base corresponds to a trace of -
the grains size distribut%on for the sample.

Calibration of the settling column was made using St. Peter sand
(US size ranges 30-230) so that settling times could be compared to
that acquired by Anan (1971, p. 206). The results are tabulated in
Table II, and show the close correlation between settling times for
that acquired by Anan (p. 206) and that determined in this study. In
addition, Anan (p. 210) found that the shape effect on settling velo-
~ city is neglible on sizes smaller than .38 mm (1.50) and absent in

sizes smaller than .2 mm. ‘This_is jndicated by the fact that the

_ difference in the drag coefficient-Reynolds number (Cd-Re) between St.
Peter sand and the glass spheres becomes neglible for sizes smaller
than .38 mm. In addition, sizes up to .45 mm differ only slightly in
‘settling velocity (see Table III after Anan, 1971, p. 207). For this
reason. it was felt that the St. Peter sand could be used without
negating the concept of hydraulic equivalency although Cook (1969; p.
782) preferred to use glass beads in the calibration of the USC auto-
matic recording device which Felix (1969, p. 279) calibrated using
Navajo and St. Peter sands.

The St. Peter sand was sieved into the varfous phi sizes and 10-
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, : Settling Time* Settling Time*

9 US_Size this study (sec) Anan, 1971 (seg)
75 30 9.75 N/A
1.0 35 12.2 N/A
1.25 40 14.0 - 12.8
1.5 45 16.0 16.1
.75 50 9.0 18.8
- 2.00 60 22.0 - 22.3
2.25 . 70 28.8 ‘ 26.8
2.50 - 80 | 34.0 ' 31.2
2.75 00 42.0 38.5
3.00 20 54.0 4.6
3.25 140 65.7 59.0
50 170 8.9 - 83.0
3.75 200 108.5 105.2
4.00 230 142.0 uno

Fall distance - 1 meter

* At 220 C

Table II. Comparison of settling times--University of Cincinnati and
' University of Massachusetts settling columns.
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20 runs were made for each phi size to get an average time for the
size group. |

There are inherent problems to using a device such as this al-
though they are probably outweighed by the rapidity with which samples
can be run (as versus sieving) and the small sample: size which can be
déed (ideal for cores). One problem is introduction of the sample,
i.e. haVing all the sample release into the column at éxactly the same
time with minimum "noise" to the recorder. This was done by placing
the samb]e on a nylon stocking (fine mesh) fitted over a tilt pan.
The sample was then wetted with a wetting agent (Kodak Photoflo) which
insured immediate release upon contact with the water (see schematic

* drawing - Fig. 24).

yTi1t Pan

Water &« if \\\\
Column ' .
. > E.ectronically
Water Surface controlled driving
device

Fig. 24. Sediment introduction device - HESA.

A secondary problem is that phi groupings are a range of sizes, i.e.
2.0 phi includes diameters from .3 to .25 mm in diameter. When phi

sizes groupings settle through a column of water the sample "tails out"
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(1ike a comet) as it passes the recording point. For this reason, the
midpoint diameter of the phi grouping was used instead of either of
the end points (which is commonly used when recording sieve data).

The data curve produced by the HESA recording device is Shown in
Fig. 25. ‘Because time is equivalent to diameter which s equivalent
to phi sizes, the phi sizes can be plotted along the base line, or, as
is standard procedure, reproduced on a size-time overlay which can be
used again and again for eacﬁ data curve. The phi size plots are then
simply projected upward until they intersect the recording curve.
Cumulative percentages are'redd off}the curve for the phi class bdun-
daries desirgd using a Gerber variable scale. This device divides the
deflection distance (the distance between the base 1ine and maximum
pen deflection as avefaged over the first 2 or 3 seconds of the run) |
into 100 increments. Once set, the scale is moved to the size grades'
ruled on the size;time oveflay, and the cumlative percentages are

- read off. |

For sample runs, the 3-5 gram sample is weighed and then wet
siéﬁed to remove silt and clay ( < 4.00p) and reweighed to determine
percent < .062 mm. The sample is then introduced into the column
using the technique described above and the resulting data curve is
read using the Gerber variable scale. Each analysis takes as much as
3 minutes in the settling tube plus a minute or two to load. (Weigh-
ing and wet sieving can be done in advance and takes approximately
5-10 minutes per sample). Reading the curve takes 1-3 minutes depend-

ing on how many classes are present. From 40-60 analyses per day can
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be made if the samples have been weighed, wet sieved, and dried.
Textural étudies on sands from cores H5-40, H5-90, and H6-33 were
done using standard sieving techniques. The typical grain size curves
~from these analyses are shown in the Appendix. Bedding descriptions,
textural analysis, and clay mineralogy of cores H5-40, H5-90, and H6-
33 were done under the divection of Dr. Wayne A. Pryor at Gulf Research
and Development, Pittsburg. o
Textural parameters computed from 1/4 phi interval data included
skewnesﬁ, kurtosis, graphic mean, and sorting--the latter of which are
used in this investigation. Formulas for the computations are after
Folk (1968, p. 44-48). Verbal classification for sorting used in this
study are thbse recommended by Folk (1968, p. 46) and are as follows:
.350 very well sorted
.35-,50p well sorted
,50-.719 moderately well sorted
.71-1.09 moderately sorted
1140=2.00 .poorly:socted
H5-40. Log characteristids of core H5-40 (Fig. 26) show an upper
interval of massive to horizontally bedded silt and clay below which
is a cross-bedded sand with a mean-cross-bedding direction of 20.
This sand interval from 10-30 feet corresponds to the upper sand of
the upper unit shown in section C-C'. Present in this interval at a
depth of 20-30 feet are two zones of clay gall conglomerétes; These
two zones of clay galls correspond with changes in graphic mean, sort-

ing and percent "less than 0.062 mm'". At approximately 30 feet the
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mean grain size becomes coarser and remains so until it fine; upward
between a depth of 20-24 feet. At 20 feet, which corresponds to the
location of the upper clay gall conglomerate the mean size becomes
coarser and remains constant until it fines upward again at approxi-
mately 14 feet. Sorting within this upper 30 feet increases from
poorly sortéd sediment below .(greater than 1.08) to well-sorted-
moderately well sorted within the interval, except at 17.5-18.5 feet
where the sample is poorly sorted and corresponds to the intervé] con-

| taining clay gall conglomerates. Percent "less than 0.062 mm" in this
upper unit ranges from 10-30 percent up to a depth of about 12 feet
when the percent "less than 0.062" increases. This is in marked con-
trast to the higher percentage of silt and clay below 30 feet.

Below this unit from a depth of 30 feet until sand is completely

~ displaced by clay at a depth of 50 feet is the lower sand member of
the upper unit. Bedding characteristics 6f this unit are markedly
different from that above and include horizontal lamination, ripple

| bedding, massive bedding and some discontinuous rsttling. Graphic
mean of the sediment in this interval coarsens upward slightly. Sort-
ing ranges from moderdte (at the base of thé interval) to poor at the
top. Percent "less than 0.062 mm" is in all cases greater than 50
percent except at the base. From 50 feet to a depth of approximately
115 feet is the lower unit which is dominated by silts and clays ex~
cept for thin (1ess than 10 feet) intervals of sand and sandy silts.
Bedding in this interval is mostly horizontally laminated, although

rippled bedding and some minor cross-bedding are present in intervals
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containing silts and sandy silts. Textural data is sparse except for
diameter of the largest grain, which is less than above units with the
exception again of the sandy members.

The basal unit from 115 feet to the bottom of the core is charac-
terized by sand. Textural analysis of three samples from within this
unit indicate the sand is well sorted and contains less than 20 percent
silt and clay. Data from the basal unit is sparse due to lost core

~ and is better observed in the cores discussed below.

In core H5-90 (Fig. 27) the upper and lower sand members of the
upper unit are in contact as is shown in section C-C'. The division
between the two is placed at 30-35 feet. This depth not only strati-_
graphically aghees with the base of the upper sand as in core H5-40,
but also corresponds with changes in diameter of largest grain, ﬁean
grain size, sorting, and percent "less than 0.062 mm". Bedding of the
sand in the upper member at this locality differs from that described
in core H5-40 by being horizontally laminated, massive, and mottled
a]though cross-bedding is present at a depth of 25 feet and rippled
bedding is present at the top of the unit. The diameter of the largest

~ grain of the sand in this member sequentially coarsens upward to a
makimum'of 1.0 mm at 25 feet and then fines upward from 3.49 at 33
feet fo 3.99 at 16 feet. The sorting of this sand decreases from
moderately well sorted at 33 feet to poorly sorted at 15 feet, while
the percent “less than 0.062 mm" increases upward from 20 to 40 per-
cent. Overlying the upper sand member from 15 feet to the top of the

core are silts and clays which are characterized by horizontal, massive
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and motfled bedding.

The lower sand in this core is defined as that interval above‘the -
clay break at 55 feet. This unit is characterized by horizontally
laminated sand although cross-bedding, ripple bedding, and clay galls
are present at the base of the unit. Maximum grain diameter is fairly

_uniform between 0.4 and 0.5 mm through the unit. Graphic mean varies
between 3.50 and 3.0f which is coarser than the sand in the'over1y1ng

" unit. Sorting varies between 0.38¢% and 0.67c7 and is better than
that of thevpver1ying sand. Percent "less than 0.062 mm" is also less
than the sand above and varies between 9 and 15 percent, increasing
toward the top of the member.

From 50-100 feet is the stratigraphically define& lower unit
which is dominantly silts and clays although thin sand members are
present at 55, 65, and 85 feet.. The bedding of this lower unit is best
déscribed as laminated although mottling is a prominent feature. Again
textural.data fbr this interval is sparse except for diameter of the
-1argest grain.which is in the same size range (0.6-0.3 mm) as the
overlying unit except for the sand members previously described where
the maximum grain size may be as high as 1 mm.

Textural data for the sand member between 55 and 60 feet indicate'
that it is moderately sorted eXcept for the contact near the top where
it becomes poorly sorted. Percent "less than 0.062 mm" ranges between
13-14 percent with the exception of the top of the member where it is
30 percent and the bottom where it reaches 88 percent. A second thin

sand member between 65 and 70 feet has the same sorting range as the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



78

above member with percent "less than 0.062 mm" within the member be-
tween 6 and 13 percent.

The basal unit from approximately 100 feet where the contact is
gradational to 130 feet where clay layers become a prominent feature,
is markedly different from the overlying units. Bedding within this
interval is dominantly cross-bedded, although horizontal laminations
are present as are ripple bedding and clay galls. Maximum grain dia-
meter of 1.18 mm at 130 feet decreases upward to 0.52 mm at 100 feet..
Maximum grain diameter of samples from this unit are greater than that
of the previously described lower sand of the upper unit although they
are within the same range as the upper sand member. Sorting of this
unit above 130 feet ranges from predeminantly well sorted to moderately
sorted at tﬁe upper contact and is similar to the lower sand of the
upper unit.

Graphic mean of samples of this unit indicate that all samples

, eicept two at the upper contact are coarser than those from sands of
the upper and lower unit. Percentage of silt and clay in this unit
from 105 to 130 feet indibate that 80 percent of the samples have less
than 10 percent silt or c¢lay while at Teast half have 5 percent or
less. This is in marked contrast to the overlying lower and upper unit
sands where none of the samples have that Tow percentage of silt or
clay.

H6-33. The upper sand member of the upper unit is lacking in
core H6-33 (Fig. 28). The interval where the upper sand member is

i
present in cores H5-90 and H5-40 is represented in this core by silts
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and clays except for a thin zone of sandy silts just below 15 feet.
Bedding in this interval is dominantly mottled although some horizontal
bedding is present. Textural data within this unit is sparse although
maximum grain diameter is extremely variable and ranges from 0.3 to
.1.0 mm.
| The lower sand of the upper unit is present from a depth of 25 to
' 35 feet although there is a thin clay break at 30-32 feet. Mottling
is the charactéristic bedding feature within this sand although cross-
bedding; horizontal lamination, and rippled bedding are present.
Graphic mean of this interval indicates a fining upward sequence from
2.850 to 3.99. Sorting varies from moderate to poor while percent
"less than 0}062 mm" varies from 15 to 35 percent and becomes greater
at the top of the interval.
| The lower unit, from approximately 35 to 100 feet, is mostly silt
and clay except for two thinvsand members at 65 and 80 feet. Two
,sémp1es from the sand interval at 65 feet have an average mean size of
3.39, are moderately-to-poorly sorted,:and have 28-30 percent "less
than 0.062 m". One sample from the interval at 80 feet indicates
that the sand is moderately ;orted with 43 perceﬁt silt and clay.
Bedding withfn these sand units is éxtreme]y varied and consists of
horizontal, massive, parallel-laminated and rippTed bedding. Silts
and c]ay§ within this unit are dominantly horizontally bedded although
mottled bedding is conspicuous especially at the top of the unit.
The basal unit from 100 feet to 135 feet is dominantly cross-

bedded although there are some horizontal laminae and clay galls as in
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the basal unit in core H5-90. From 135 feet to the base of the core
the sands become mottled and contorted. Maximum grain characfer fines
upward from 135 to the top of the unit at approximately 100 feet, the
inverse of which is true from 145 to 135 feet. Graphic mean stays
fairly constant from 130 feet (2.60) until it fine§ upward between

107 (2.89) to 98 feet (3.4p). The sands of this interval are well

~ sorted with over 85 percent of the 16 samples falling below 0.5

Percent "less than 0.062 mm" is very low from 132 to 100 feet with

75 percent of the samp]és having less than 5 percent silt or clay.

'H5-88, The upper unit of H5-88 (Fig. 29) which is 52 feet thick

does hot contain an upper sand member. That part of the core which in
previous wells contained the upper sand member is represented in this
core by silts and clays. These silts and clays which are 32 feet
thick contain a variety of bedding types including mottled, laminated,
and massive. Clays are more preva}ent at the top of the core down to
about 16 feet wﬁeré they are replaced by silts and silty clays which
overlie the 16Wer'sand member of the upper unit. Thé Tower sand mem-

- ber of the upper unit is apprdximately 20 feet thick and is predomi-
nantly horizontally bedded although cross-bedding does occur near.the
base of the unit. Mean grain size of the sand member shows a slight |
trend to fine-upward from about 2.9p at the base of the mémber to 3.19
at the top. Sorting ranges from well to moderately wellnsorted with
the better sorted intervals being present at the bottom and near the
top of the sand member. Percent "less than 0.062 mm" is fairly con-

'sistent ranging from 10 to slightly more than 20 percent.
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The lower unit in this core is present from 52 feet to the base |
of the core at'90 feet. This 40 feet of section is characterized pre-
dominantly by silts and clays with thin (4 foot) sand members present
at 60, 72, and 80 feet. Bedding types of silts and clays in this
lower unit are extremely varied and consist of mottled, horizontally
Yaminated, massive, burrowed, and in one instance contorted. The thin

~ sand lenses are predominantly massive bedded although cross-bedding is
present in the sand at 62 feet. Textural data on these lower unit
sands is sparse.but does indicate that the medium grain size is 3.4-3.5
phi whiie sorting is at the upper limit of the moderately-well sorted

. range'at .68-.7 phi units. Percent of silt and clay is high and
ranges between 50-60 percent in contrast to the overlying sand member
previously described.

65-60. Core 65-60 (Fig. 30) penetrates lithologies related only
to the upper unit as previously described stratigraphically. ‘From 12
to 44 feet is the upper sand member of the upper unit. This unit is
primari]y cross-bedded although some horizontal lamination as well as
a thin zoné of ripple bedding does occur. At the base of.the unit clay
gall conglomerates are characteristic as are wood fragments. Mean
grain size fines upward from approximately 2.99 units at 42 feet to
approximately 3.4p units at 18 feet. Sorting ranges from moderately
well sorted at the base where the clay galls are present to well
sorted throughout -the middle of the member and back to moderately well
sorted at the top. Percent "less than 0.062 mm" is fairly consistent

throughout the sand interval ranging from 15-18 percent at the base to
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20-30 percent at the top. Overlying this sand interval is a 12 foot
thick sequence of clay and'silty clay characterized throughbut by
massive bedding. Underlying the upper sand member from a depth of 42
feet to the base of the core at 54 feet are silts and silty clays of
the upper'unit. These sediments have massive and contorted bedding.
65-65. The previously discussed cores penetrated lithologies

associatgd with the De 1a Griﬁga system. The core under discussion at
this time as well as the core to be discussed next (F5-42) are both
located in the Southern system. From the top of core G5-65 (Fig. 31)
to a depth of 60 feet is what Was previously stratigraphically defined
as unit 3 of the upper group of the Southern system. This unit is
predominantly sand frqm a depth of about 24 to 60 feet where clay gall
conglomerates are present. 0ver1ying this sand interval from a depth
of about 24 feet to the top of the core are silts and clays. Bedding
of this sand is predominantly crosszedded in the lower 20 feet and |

" massive to horizontally laminated in the upper part where the sand be-
comes somewhat silty in natufe. Overlying the sand interval from a
depth of about 24 feet to the top of the core are silts and clays with
a thin interbedded sand lense between 8 and 12 feet. These silts and
clays show predominantly massive bedding with mottling becoming con-
spicuous in the clays of the upper 8 feet. Median grain size of sand
from 60 feet to 24 feet show a nice tendency to fine upward from 3.00
at the base to 3.50 at the top. The sand lense that occurs in silts
and clays toward the top of the unit also shows a nice fining upward
tendency from 2.80 at a depth of 14 feet to 3.40 at 8 feet. Sorting
of the sands from 24-60 feet ranges from well (.48p) at the base to
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moderately well (.64@) near the top. Sorting of the upper sand lense
is similar being well sorted near the bottom and moderately well sort-
ed at the top. Percentage 6f silts and clays shows a general but con-

gistent tendency to fine upward from abbut 20 percent at the base of
the sands (60') to 40 percent (32') and eventually 80 percent where
the sand becomes silty at the top (24'). |

Underlying the sands of unit 3 (Upper Group) are sand and sandy
silts of the middle unit from a depth of 60 feet to the base of the
core penetration at 70 feet. Data on these sands, which are predomi-
nantly massive bedded, are‘laéking mainly due to missing core.

F5-42, The upper part of core F5-42 (Fig. 32) from 32 feet to
the top of the core penetrates what was previously stratigraphically
defined as unit 4 of the upper group. The upper 18 feet of this core

| is represented by silts and clays which are massively bedded toward
the bottom and mottled toward the top. Sands underlie these silts and

~ clays from a depth of 18 feet to the base of the unit at 32 feet.
These sands which ;ontain clay gall conglomerates and wood fragments
are mostly cross-bedded although some massively bedded éand does occur
near the top of the unit. Median grain size of the unit fines upward
from 2.60 units at the base to 3.50 units at the top. Sorting within
the unit is variable although yithin the range of moderately well
sorted sands. Sorting tends to be poorest where clay gall conglomer-
ates are present and near the top of the member where the sand becomes
silty. Percent of silt and clay in the sand is relatively low ( 20

_percent) except near the top of the sand member where the percent "less
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than 0.062 mm" approaches 40 percent.

Underlying unit 4 of the upper group from a depth of 32 feet to
64 feet is the middle unit és defined for the Southern system. This
unit is predominantly silts and clay although 4 and 8 foot thick sand
members occur at 48 and 56 feet. Silts and clays of this unit show a
variety of bedding types ranging from contorted to massive to mottled
and burrowed. Although textural data for the sands in the middle unit
are SparSe, it does indicate that the lower sands (56'-64') approach
the upper limit of moderately well sorted range and contain about 40
percent silt and clay. Median grain size is about 3.4 units.

The lower unit in this core is only barely penetrated and occurs
from 64 feet to the base of the core at 70 feet. Lithologically the
unit is characterized by massively bedded clays.

| Permeability and porosity

Technique. Samples for permeaBi]ity and porosity were collected
in aluminum cylinders which were 2.54 cm in diameter and 5.08 cm in
length. The aluminum tubes were pushed into the sediﬁent contained in
place in split cores. . Because the tubes were not completely filled with
sediment the resulting space was filled with steel wool for the sample
runs and length of sediment in the tube was appropriately corrected. |

The coefficient of permeability, k , for the sample sediment was
determined with a Soiltest Permeametef model K-670 which is applicable
for performing either constant head of falling head permeability.

Fine grained sediment required the falling head method. Water passing
through the sample caused water in the standpipe to drop from h! to h2

in a measured period of time.
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Falling head coefficient of permeability values in cm were

determined using the following equation (Curtis, 1971, p. 351).

d2ul hy
Ko = 2.3 oaat log _h_z__
where k. 2 = permeability in cm?
d = internal diameter of the measuring tube
D = internal diameter of the sample
u = vyiscosity in centipoises
L = length of specimen along flow path
P = density in cgs units |
g = gravftationa] acceleration in cgs units
at = number of seconds between the observations of
“fluid height
hy = original hydraulic head
hy = final hydraulic head

| The equivaiency'which serves to correct a permeability expressed
in square centimeters to one in units of darcy is expressed by Curtis
(1971, p. 349) as |

k , = 9.869 x 107 darcys
cme S

Coarser grained sands and silts required the constant head method.
The water which passed through the sample in a known period of time
was measured and the following equation (modified .from Peck et al.,

p. 53, 1953) was used:
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Q
T
A
h
L

An alternate equation proposed by Peck,'gg_gl:, 1953, p. 54

where Kk

- T O

Q
h
T x_A X T

permeability in darcys

discharge in cm3

time of discharge in seconds
cross-section area of the samp1e
hydraulic head in atm

length of sample in direction of flow

QL

K = —

hAT

permeability in cm/sec

discharge in cm3

length of §émp1e in difection of flow
hydraulic head in cm

crqss-section area of tﬁé sample

time of discharge

91

A conversion eduation (Davis and DeWiest, 1966, p. 165) can be used to

conVert centimeter per second to darcy units. That conversion equation

is as follows:

1 centimeter/sec = 1165.25 darcys

Either equation can be used with similar results. In comparisons

done in this study it was found that results from both equations varied

by less than 1 darcy which is acceptable concerning the many variables
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invo]ved. For purposes of this study, the former equation using h in .
atm rather than cm was used to avoid using the approximate conversion
equation of Davis and DeWiest (1966, p. 165).

Porosity was determined using the following equation:

Vt - Vg X 100 = % Porosity

t
where V, = . Volume of water
| VgtV © Volume of water with sediment added
Vis = Volume of sediment in water
Vt = Volume sediment dry

Permeability and porosity were'computed in samples from cores
H5-88, 65-60. (De 1a Gringa system) and G5-65 and F5-42 (Southern
system). Samples were taken from the sediment which was intact within
the core tube. Samples were not taken from the three deep holes, Hb-
33, H5-40, and H5-90_because the samples within the core tube were hot -
avai1ab1e--samp1es had been removed and bagged before shipment from
the Gulf lab fo the University of Cincinnati. |

Permeability of sands from the upper member of the upper unit (De
1a Sringa system) range from a maximum of 5 darcys to a minimum of 1
darcy as shown in Fig. 30. These sands in core G5-60 have an average
permeability of 2.4 darcys, a variance of 1.54, and a standard devia-
tion of.l.24 (see Table 1V). Porosity of sands in this interval ranges
from a maximum of 25 percent to a minimum of about 5 percent. Average

-porosity is 14 percent, variance 22, and standard deviation 4.7. Both

permeability and porosity show a general decrease in an upward direction
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Permeability Porosity

Depth  X; Xy, (%2 Depth  Xi  Xj (%2
> 3 .6 .36 12 2 8 64
R T R I 10 -4 16
2 -4 .16 ~ 12 -2 4
1 -4 1.9 S TIE |  V
1 <14 1.9 12 -2 4
2 -4 .6 B1 1
3 6 .36 12 -2 4
2 5 2.6 676 18 4 16
1 -14 1.9 2 1’ -2 4
2 -4 .6 5 -9 81
2 -4 .6 | 12 -2 4
2 -4 .16 w2 s
3 -.6 .36 5 1 1
3 -.6 .36 12 -2 4
0 .5 26 671 4 15 1 1
2.4 =T 13.9 = 7
1.5 = o2 2 =@
= G0 8.7 = @0

1.24

Table IV. Permeability and porosity data - Core G5-60.
Permeability in darcys, porosity in percent.
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as does mean grain size and sorting. This upward decrease in permea-
bility and porosity coincides with an upward increase in percent silt
and clay. Permeability varies from about 5 darcys at the base to 1
darcy at the top of the sand. Porosity varies from 25 percent at the
base of the sand member to 10 percent at the tdp.

Permeability of sand of the lower member of the upper unit (Core
H5-88, Fig. 29), rangesvin permeability'from 200 millidarcys to 8

| darcys (see Table V). Mean permeability is 2.6 darcys, variance 4,

and standard deviation 2. Porosity ranges from 8 percent to 45 percent.
Average porosity is 24'percent, variance 76 and standard deviation 8.7.
Both permeability and porosity show a general tendency to increase up-
ward in contrast to sands of the overlying upper member (see G5-60 .
above). This increase in permeability and porosity toward the top of
the sand member coincides with an upward increasé in sorting, the very
Tow amount of silt and clay (10-15 percent) in the upper part of the
sand, and the tendency of the member to fine only slightly at the top.
Permeabi11ty'ranges from about 4 darcys at the base of the‘unit to
5-8 darcys at the top. Porosity ranges from 25 percent at the base to
35-40 percent in the upper part of the sand member. |

Permeability and porosity of unit 3 (Upper Group-Southern system)
are shown in Fig. 31. Theﬁe sands range in permeability from 100
millidarcys to 7 darcys with a mean of 2.1 darcys, a variance of 3.7,
and a standard deviation of 1.9 (see Table VI). Porosity varies from
a maximum of 35 percent to a minimum of about 8-10 percent. Mean

porosity is 21 percent with a variance of 54 and a standard deviation
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Permeability
Depth . X;  Xiy (Xi_y)2 Depth

3.0 .4 16

3.0 .4 16 36"
%' 9.0 6.4  41.0

5.0 2.4  5.76

3.0 .4 16

1.9 -.7 49

2.0 - .6 .36

1.0 -1.6  2.56 44"

2.0 - .6 .36

3 2.3 5.29

2 2.4 5.76
“w 2.0 -.6 .36

8 -1.8 3.4

6.0 3.4  11.5

1.7 -1.9  3.61

2 2.4  5.76 48"

3.0 .4 .16

2.0 - .6 36

3.0 .4 16

4.0 1.4 1.9

1.0 -1.6  2.56

2.0 - .6 .36 52
52 3.0 .4 .16

95

Porosity

N K K’
5 2 4
0 6 36
% 9 81
20 -4 16
28 4 16
0 6 3
25 1 N
2 8 64
g -16 256
8 -16 256
18 -6 3%
18 -6 36
0 6 36
28 4 16
g -16 256
20 4 16
20 4 16
0 6 36
2 -2 4
20 -4 16
20 -4 16
5 1 1

Table V. Permeability and porosity data - Core H5-88.
Permeability in darcys, porosity in percent.
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26 = m 24 = m
4=0’2 75"—'62
2 = & 8.7= ¢

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

96



Permeability Porosity

Depth Xy Xy (%502 Depth  X; Xig  Kio)?
5.0 2.9 84 12 -875  76.0

4.0 1.9 3.6 8 -12.75 162.0
7.0 49 2.4 12 -875  76.56

20° 2 -1.9 3.6 20 - .75 .56
2 1.9 36 20 - .75 .56
2 <19 .36 20 - .75 56

d <20 4.0 40' 12 -8.75  T76.5
120 40 0 9.25 865

2 <19 3.6 12 -8.75 765

A 20 40 0 9.5  85.0

17 - . 26 31 10.25  105.0

2.5 - .4 16 30 9.25  85.0

40 1.9 3.6 31 10.25  105.0
6.0 -3.9 15.2 50° 22 1.5 1.56

%' 1.7 -.4 .6 15 -5.75  33.0
6.0 -3.9  15.2 25  4.25  18.0

2.0 .1 0 28 7.25  52.5

1.7 - .4 16 30 9.25  85.0
40 1.9 3.6 0 - .75 56

2.0 .9 .81 7 -13.75  189.0

Table VI. Permeability and porosity data - Core G5-65
Permeability in darcys, porosity in percent.
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Table VI con't.

Permeability
Depth  X;  Xi_, (X3 Depth
51 -1.6 2.56
50° 2.0 ~-.1 .01
1.0 -1 1.2
2.0 -.1 .01 60"
.58 -1.5 2.25
51 -1.6 2.6
2.0 -.1 .01
1.5 - .6 .36
1.1 -1.0 1.0
1.1 -0 1.0
3.6

60' 4.0 1.9

2.1 = nm
3.7 = o
19 = ¢
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Porosity
2

fj_ Xiu (Xi-u)
2 1.25 1.56
21 .25 .06
20 .75 .56
20 .75 .56
2075 = m

54.0 = @°

74 = 6
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of 7.4. Both por051ty and permeability of this unit show a def1n1te
tendency to decrease upward as does median grain s1ze and sorting.

This upward decrease in permeability and porosity agrees nicely with
the upward increase in percent silt and clay. Permeability decreases
from approximately 6 darcys at the base of the unit to 200 millidarcys
at the top of the sand. Porosity decreases upward from 30 percent at
the base to 5 percent at the top of the unit where sands have 60 per-
cent silt and clay.

In core F5-42 (Fig. 32) permeability and porosity data are avail-
able for both unit 4 of the upper group as well as for the middle unit
although data for the latter unit is sparse. .Permeability of sands of
the upper unit range from 700 millidarcys to 5 darcys with e mean of
1.7 darcys, a variance of 2.2, and a standard deviation of 1.5 (see
Table VII). Porosity ranges from a max imum of 5 percent to an upper
limit of 40 percent. Average poroéity is 16 perceht, variance 103, and
standard deviation 10.1. Both permeability and porosity of the upper
unit decrease upward as does the grein size and sorting. This upward
decrease;in permeability and porosity agrees with the upward increase
in percent silt and clay from 10 percent at the base of the unit to
40 percent at the top. Permeability decreases from 5 darcys at the
base of the sand to slightly more than 1 darcy at the top. Pofosity
decreases from 40 percent at the base of the unit to about 10 percent
at the top.

’ Permeab11ity and porosity data on sands of the middle unit are

sparse but indicate that both increase upward in the unit. Permeability
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Permeability Porosity
Effffi fj_ Xi-u (Xi-u)2 Depth Ej_ xi-u (Xi-u)2
1.2 -.5 1.9 0 -56 3.3
1.0 -7 25 7 .86  73.9
2.0 - .3 49 0 -56 3.3
4" 1.2 -.5 .09 ' 15 .6 36

1.0 -7 .25 20 4.4  19.3
3 -4 49 10 -56  31.3
10 -7 49 12 -3.6 129
g -0 1.0 5 -10.6 1123
9 -.8 .64 12 -3.6 129
1.0 -.7 49 25 9.4  88.4
8.0 2.3 5.3 10 -56 313
3.0 1.3 17 5 -10.6 1123
8 -.9 81 25 9.4  88.4
9 - .8 64 3% 19.4  376.3
1.0 - .7 49 32' 40 2.4  59.0
5.2 3.5  12.2 10 -56 313

@' 50 3.3 1089 _

16=m

3 14 19 a2

17 =m 101 =0

2.2 =0
=

1.5

Tab]e‘VII.' Permeability and porosity data - Core F5-42.
' Permeability in darcys, porosity in percent.
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increase from 500 millidarcys at 62 feet to 7 darcys at 49 feet. Like-
wise porosity increase upward from 30 percent to 50 percenﬁ. This data
is important because it infers that both median grain size and sorting
(in which data are lacking) increase upward, which is important for
environmental considerations.

Heavy Mineralogy. Twelve heavy mineral samples were collected

representing all stratigraphic intervals defined in the study. Ten
samples were collected from units associated with the De la Gringa
system. Two were collected from the upper sand of the upper unit, 3
from the lower sand of the upper unit, 2 from sands of the lower unit,
and 3 from sands of the basal unit. In addition, 2 samples wevre
collected from units 3 and 4 of the upper group (Southern system).

‘The heavy minerals were separated using standard bromoform techniques
and were mounted in Monsanto Aroclor with a refractive index of 1.67.
The results of the heavy mineral analysis are summarized in Table VIII.
The dominant heavy minéra1s of all samples are basaltic hornblende and
pyroxene. These two heavy minerals commonly compose 28 percent of the
heavy mineral fraciion. Opaque minerals are about equally represented
and comprise 27.8 percent of the total heavy mineral suite. These
opaques include hematite, magnetite, illmenite, pyrité; and leucoxene
although no attempt was made to determine relative percentages of each _
species. Blue-green hornblende is common and comprises about 10 per-
cent of the tétal percentage of heavies. The remaining 40 percent of
the heavy minerals is comprised primarily of zircon (both rounded and

euhedral--7.6 percent), garnet 5.3 percent, epidote 3.2 percent, and
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tourmaline 3.1 percent. Rutile and spodumene in approximately equal
amounts comprise 5.3 percent while muscovite, kyanité, hypersthene,
enstatite and corundum average about 1 percent and make up 5.8 percent
of the suite. It is significant to note that there are no differences
in heavy mineral species (other than minor percentage variations) re-
gardless of depth or stratigraphic interval. This should be expected
~as the time-stratigraphic interval studied reflects a short period of
geologic time (approximately 10,000 years) allowing essentially no.
change in.provenance. 4
Because the Rio Grande river (and its Holocene distributaries)
traverses a basin contéining varied rock types (see geologic setting)
it is not unusual to get the multi-variety suite of heavy minerals
discussed above.' This group of heavy minerals reflects the following

provenance rock types (after Krumbien et al., 1963, p. 140).

MAFIC AND ULTRAMAFIC METAMORPHIC
Augite Garnet
Hypersthene - Blue-green Hornblende
Rutile Kyanite
Basaltic Hornblende Sillimanite
ITmenite . Epidote
Leucoxene ~ Corundum
SILICEOUS AND INTERMEDIATE VOLCANIC
TGNEQUS
. Basaltic Hornblende
Biotite ‘
Muscovite

Zircon (Euhedral)

REWORKED SEDIMENTARY

Opaques (Magnetite & Hematite)
Zircon (rounded)

Rutile

Tourmaline
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This organization of heavy mineral species reflect the source
area materials which contribute sediment to the Holocene Rio Grande
river. Those materials inciﬁde Tertiary volcanics, intrusiies, and
andesite and rhyloite lava flows, Archean schists, Tertiary granites,
Lower Dnv'ian sedimentary formations (sandstone and carbonate), and
Cretaceous, Cenozoic, and Quaternary deposits.

Both Bullard (1942 p. 1027) and Lohse (1958, p. 60) agree with
this 1nvestigat10n that basaltic hornblende and pyroxene are the
dominant heavy minerals associated with the Rio Grande river deposi-
tion. o

A summary of heavy mineral percentages by straiigraphic interval
is shown in Table VIII.

Petrography |

Techniques. For‘petrpgraphic analysis 37 samples were collected
from the 7 cores in such a fashion that all environments were rebre-

- sented. The samples, which were unconsolidated, were split to obtain
an approximately 25-30 gram increment. This portion was then placed
in a plastic vial and jmpregnated with epoxy. Thin sections were then
cut from the impregnated samples by standard thin-sectioning techniques.
The resulting thin section was then stained for plagiocalse and ortho-
clase feldspar using Potassium Rhodiaonate and sodium colbaltinitrite
(Friedman, 1971, p. 523). Thin sections were point counted (200 counts/
slide) and photographed using a leiss Photomicroscope I1.

Classification. The classification of sandstones since Fischer's

first usage of a triangular diagram (Pettijohn et al., 1972, p. 156)
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for sandstone classification in 1933 has, és many other classifications,
been expanded and condensed. There are sandstone classifications based
on (1) mineralogy, (2) texture and mineralogy, and (3) structure, tex-
ture, and mineralogy. There are classifications ranging from the
simple and useful (Kyrnine, 1948; Folk, 1954; McBride, 1963; and
Pettijohn, 1957) to the awkward and cumberson (Shutov, 1967 and
Teodorovich, 1967). Teodorovich is especialiy fascinating in that
his classification has 18 subdivisions of the triangle in which addi-
tion of pyroclastic material requires tetrahedral representation and
11 additional subclasses.

C]assifications that receive current attention are those of
Pettijohn (1954, 1957), McBride (1963), Folk (1968), and Pettijohn
et al. (1972). The classification used by Pettijohn et al. (1972) is
nicely summarized diagramatica11y‘(Fig. 5-3, p. 158). Basically it
uses only framework grains 6f'quartz, feldspar, and rock fragments 6f
sand size. As a secondary criterion, the classification distinguishes
between‘the "clean" sands or arenites--sands with less than»15 percent
matrix--anid the "dirty" sands or wackes--those with more than 15 per-
cent matrix. However, the classification of modern sands where the
quantitative estimation of clay "matrix" is impossible makes that
classffication somewhat less than useful. In addition, Blatt et al.
(1972, p. 313) concur that "the disadvantage of basing the core of the
rock name on the amount of clay are great, in view of all the different
factors that may be responsible for the presence of "matrix" (i.e.

diagenesis, squashed rock fragments) and particularly the difficulty
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of achieving an accurate estimate of its abundance.' In addition, the
significance of a given fraction of clay is related to the mean grain
size of the sandstone and ié not the same for fine as for coarse sands.”

Blatt et al. (p. 313) summarize by saying that an acceptable com- |
promise, if not the best of all possible choices, is achieved by
adopting as the end members of a mineralogically oriénted sandstone
classification (a) quartz plus chert, (b) feldspafs, and (c) all rock
fragmenté other than chert and polycrystalline quartz grains, i.e. all
unstable or "labile" rock fragments. They suggest that "immature" be
used instead of the term “wécké" or "graywacke" to describe a sand-
stone containing a clay matrix.

The same general reasoning is used by McBride (1963j and Folk
(1968), who have erecfed classificatory schemes without the fourth
component (clay matrix). Both Folk and McBride feel that the tern
"graywacke" should be disc&rded from any place in a quantitative

“mineralogically oriented classification and should revert to a status
of a field c]assification--essential1y a “"very hard, ugly, dirty, dark
rock that's hard to describe in the field." This also avoids the en-
vironmental inference of graywacke=turbidite. Both McBride (1963) and
Folk'(1968) have proposed triangular'c]assifications that are based on
a non-clay end member scheme. Their diagrams differ only slightly in
field boundaries--their reasoning being the same. Classificatory
designations used in the following petrographic descriptions is after
Folk (1968, p. 124).

For purposes of grouping and discussion, the petrography of the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



107

sandstones is discussed in accordance with the appropriate strati-
graphic unit. '

Basal Unit. Six samples were point counted from the basal unit
which underlies both the De 1a Gringa and Southern systems. The
samples were taken from the 150 foot cores‘which penetrate the De 1a
Gringa system.

Typically the sands from this basal unit are well-moderately well
sorted (.35-.69) subangular to subrounded fine grained 1ithic arkeses
(see Figs. 33, 34, and 35). Composite results from point counts of all

thin-sections are as follows:

Qtz Feld Rock Frag

Sample* Mono Poly Chert Ortho Micro Plag SRF VRF Carb  Anhy
RG] s 10 3 2 - 10 3 3 1 6
2 45 10 2 20 tr 13 4 3 1 2
Rgl2 5 4 5 13 t 7 2 9 1 3
13 4 6 2 18 - 9 1 1 4 -
RGI4 53 5 2 13 1 mn 7 5 2 1
G20 48 7 3 8 tr 12 10 2 & 5

7 2.8 153 tr 10.3 5.5 4.6 2.1 28

Total % 49.6

SRF = sed. rock fragments exclusive of carbonate

VRF = volcanic rock fragments

Table IX. Summary, petrograbhic data - basal unit.

*Sample numbers in relation to depth are shown in Table X.
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Core
H5-90
H5-90
H5-90
H5-90
H5-90

H5-90

H5-90
H5-90
H5-90
H5-90

H5-90

H6-33
H6-33
H6-33
H6-33
H5-40
H5-40
H5-40
H5-40

H5-40

65-65
G5-65
65-65

Table X. Thin section sample locations

108

Depth (feet
105-106

114.5-115.0
60.0-61.0
67.0-68.0
86.0-86.5
85.0-85 3/7
58.5-59.0
66.0-66.5
40.0-40.5
50.0-50.5
34.5-35.5
123.0-124.0
130.0-131.0
114.0-114.5
36.0-35.0
28.5-29.0
25.0-25.5
13.5-14.5
47.5-48.0
122.0-122.5
13.5
33.0

' 56.0
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Table X con't. Thin section sample locations.

Thin Section Number

24
25
26
27
28
29
30
3
32
3
34
35
36
37

Core

65-65

H5-88
G5-65
H5-88
H5-88
G5-60
G5-60

© @5-60

F5-42
65-60
F5-42
F5-42
F5-42
H6-33

109

Depth gfeet)
49.0

43.5
60.0

49.5

35.5
18-20
24.0
34.5
19-21
38.5
26.0
28.75
61.0
26.0-26.5
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Fig. 33. Well-moderately well sorted subangular to subrounded fine
grained lithic arkose - Basal unit Core H6-33, 123-124'.

Note lack of clay.

Fig. 34. Well-moderately well sorted subangular to subrounded fine
grained 1ithic arkose - Basal unit Core H6-33, 123-124'.
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Texture. Because these sands are unconsolidated, impregnated
sands, fabric (grain to grain te1ations,'grain orientation, cementa-
tion, and porosity) was not considered.

Quartz grains are of two sizes. Larger grains (.15 mm) vary from
subangular to subrounded with an occassional large grain being rounded-
well rounded. Average visual roundness of large grains is 3.2 (Petti-
john et al., 1972, p. 586). Smaller quartz grains (.05-.07 mm) vary

~ from angular to subangular (roundness 2.5). Composite quartz has a
roundness of approximately 3.0 and is in the same general range as
the larger unit quartz'grains. Both orthoclase and plagioclase are
of approximately equal size (.1 mm) and vary from angular to subdngUTar.
There is a'tendency for the plagioclase feldspar to be slightly more
angular than the orthoclase probab1y because of breakage along twinn-
ing planes. |

Without taking into consideration matrix, sands of this unit vary
from mature to submature based on sorting and roundness (Pettijohn et
al., 1972, p. 588). |

Terrigenous detritus

(a) Quartz is dominantly mono-crystalline, showing both undulose
“and non-undolose extinction. Overgrowths are not unusual especially
on thé rounded quartz grains. A few composite grains coﬁtain more
than 6 crystals per grain which may suggest a metamorphic origin.
Quartz (especially the monocrystalline variety) appears highly frac-
tured. Inclusions of what appears to be rutile and tourmaline are

not uncommon.
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(b) Feldspars include orthoclase (ﬁominant)'and plagibc1ase with
only a trace of microcline. Some feldspars, both orthoclase and plag;
joclase, have inclusions of tiny flakes of sericite or illite perhaps
indicating hydrothermal activity (Folk, 1968, p. 84). In some appear-'
ances both orthoclase and plagioclase have a fresh appearance and do
not appear to have been subjected to long or intense weathering. Like
quartz, fracturing in feldspar grains is not uncommon.

(c): Rock fragments include sedimentary (siltstone and carbonate)
and volcanic. A1l types are commonly well rounded. Volcanic fragments
consist of a dark'(giassy?)'gfoundmass and commonly contain microlites
of feldspar and‘quartz.

(d) Miba is present only in trace amounts and consists of musco-
vite and biotite, the former occurring in shreds and p]ates.‘

‘ (e) Heavy minerals of the basal unit were discussed previousiy
and indicate a varied source (acid igneous, volcanic, metamorbhic,
mafic and ultra-mafic, and sediﬁentary). Petrographic work adds little
to this aspect except that some composite quartz may indicate a meta- |
morphic source. Ih addition, Folk (1968, p. 71) suggests that frac-
tured quartz may be derived from pegmatites hydrothermal, and sedimen-
tary vein fillings--all of which are in agreement with the heavy
mineraTldiagnosis of source area rock type. |

Chemical constituents

(a) Anhydrite is present in Tow percentages and occurs as dis-
associated shreds and plates intertwinned with the surrounding grains.

It is thought that this anhydrite is secondary after gypsum which
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formad in trapped pore waters after burial--berhaps caused by the
breach of reflux of fresh water in a semi-arid environment.

(b) Authigenic quartz is present as secondary overgrowths de-‘
posited in optical cohtinuity with detrital grains. This authigenic
quartz is distinguishable where clay films are present between it and
the grain. It is reasonable to believe that cathode-luminescence
would delineate perhaps more overgrowths than are noticeable in
transmitted light. These overgrowths (because of their abraded nature)
are thought to have formed in the source area rather than at the site
of deposition. | |

Lower Unit. Seven samples were collected from the lower unit
(6 from the De 1a Gringa system and 1 from the Southern systenm).
Typically sands from the Tower unit are modérately-poorly sorted (1.6-
2.20). subangular to subrounded very fine grained 1ithic arkoses (see
Figs. 36 and 37). | |

Composite results from point counts of all thin sectioné of this
unit are shown in Table XI (see also Fig. 38). The descriptidn of a
typical lower unit sand is discussed below.

Texture. Quartz grains are of two sizes. Larger grains (.1 mm)
vary from subangular to subrounded with an occasional large grain being
roundéd-we]l rounded. Average visual roundness of larger grains is
3.2 (Pettijohn et al., 1972, p. 586). Smaller quartz grains (.03 mm)
vary from angular to subangular (roundness 2.5). Composite Quartz has

. a roundness of 3.4 and is in the same general size range as the larger

unit quartz grains. Feldspars vary from subangular to subrounded with
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.06 mm

Fig. 36. Moderately-poor]y sorted subanguiar to subrounded very fine
grained 1ithic arkose - Lower unit Core H5-90, 85-85 3/4°'.
Note "dirty" appearance caused by clay material.

Fig. 37. Modérately-poor1y sorted subangu]ér to subraunded fine
grained lithic arkose - Lower unit Core H5-90, 67-68'.
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an average visual roundness of 3.0. Orthoclase feldspars has an

average size approaching that of the larger quartz grains (approxi-

mately .1 mm). Size range of plagioclase feldspar is variable ranging

from 0.3-.1 mm, |

This sandstone is submature based on the poor sorting (Pettijohn

et al., 1972, p. 588). Percent siit andAc1ay determined from textural
~ studies averages 30-40 percent and is in agreement with the textural

maturity as inferred from sorting.

Terrigenous detritus

(a) Quartz is dominantly mono-crystalline, showing both undulose
and ndn-undUlose extinction composite quartz typically contains very
fine crystals (.03 mm). Overgrowths, which are usually abraded, are
a common feature'of the mono-crysta]liné quartz as is fracturing.
Rounded chert is present in only very small (approximately 1 percent)
amounts.

,f ~(b). Feldsparé include orthoclase, pTagioclase,.and trace amounts
of microcline. In most instances, both orthoclase and plagioclase
appear fresh and probabiy have not been subjected to long or intense‘
weathering. Some feldspars of the orthoclase and plagioclase varieties
have inclusions of tiny flakes of sericite or illite. Kaolinization,
however, was not noted.

(¢c) Rock fragments include sedimentary (carbonate, coarse silt-
stone, and sandstone), volcanic, and a trace of metamorphic. These
fragments are typically well-rounded and in the case of siltstone and

sandstone fragments have a clay "matrix".
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(d) Mica is present in trace amounts and consists of muscovite
and biotite. The muscovite typically occurs as elongate shreds and
plates. |

(e) Heavy minerals were discussed under a previous section,
although the fractured quartz grains and inclusions of illite and
sericite in the feldspars adds emphasis to the acid igneous source
contributions noted previously. The trace of metamorphic rock frag-

" ments is indicative of the metamorphic source suggested by the heavy
miﬁera]s.

(f) Clay minerals were.not ppint-counted or included és matrix
because of the impregnation techniques used for making the thin sec-
tions. Relatively speaking, samples from this lower unit contaih a
huch higher percentage of clays than those of the basal unit probably
averaging 15-20 percent as compared to 5 percent in the basal unit.
Clay films are common surrounding and coating both quartz and feldspar.
Clay minerals as determined by X-ray diffraction of the less than 2

micron fraction are montmorillonite, kaolinite, and illite;

Chemical constituents
Anhydrite and quartz overgrowths as discussed in relation to the
basal sands are the only authigenic constituents.

Organic constituents

Trace amounts of ostracods and a low percentage of forams are
occasionally encountered throughout samples of this lower unit.

Lower Sand-Upper Unit. Nine samples were collected from the ;'

lower sand of the upper unit from cores associated with the De la
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Gringa system (H6-33, H5-40, H5-90, and H5-88). Typically sand from
the lower sand member are moderately well sorted (.5-.7]9) fine grained
1ithic arkoses (66 percent).and feldspathic 1itharenite (33 percent)
(see Fig. 40).

Compdsite results from point counts of all nine thin sections of
the sand member are shown in Table XII (see also Fig. 39).

Texture. Quartz grains are of two sizes. Larger gr@ins (.05-.08
mm) vary'from subangular to subrounded with an occasional large grain
being rounded-well rounded. Average visual roundness of the larger
grains is 3.0 (Pettijohn gg;gi;, 1972, p. 586). Smaller quartz (.03-
.05 mm) vary from angular to subangular (roundness 2.7). Composite
quartz is composed of very fine crystals and ranges from small (.03-
.05) grains to grains comparable in size to the larger quartz grains
(approximately 1.0 mm). Rpundness varies from subangular to sub-
rounded with the larger grains being better rounded. Orthoclase feld-

- spars have a size range comparable to that of the larger quarfz grains

while the plagiociase feldspars tend to be 1arge (0.5-.1 mm) and small
(< 105 m). Roundness of the orthoclase feldspars varies from sub-
angular to subrounded for the orthoclase while the plagioclase is less
‘well rounded especially in the smaller grain.sizes. The anguIarity of |
the smaller plagioclase grains is probably- caused by the breaking of
feldspar along twinning planes.

This sandstone is submature based on its sorting (Pettijohn et al.

1972, p. 588).
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Fig. 40. Moderately well sorted fine grained 1ithic arkose. Lower
Sand (upper unit).Core:-H5-90, 34.5-35.5'.
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Terrigenous detritus

‘(a) Quartz is dominantly mono-crystal]iné showing both undulose
and non-undulose extinction. An occasional grain is slightly embayed
(typical of volcanic quartz). Composite quartz is extremely fine-
grained and usually subrounded to vounded. Chert is present in very
Tow percentages and is occasionally difficult to distinguish from com-
posite quartz. Overgrowths (usually abradéd) are a common constituentA
of the mono-crystalline quartz grains. Most of the quartz grains show
some degree of fracturing.

(b) Feldspars inélude.orthoc]ase and plagioclase with only trace
amounts of microcline. Orthoclase and p1agi6c1ase occur in nearly
equal amounfs With plagioclase in some cases showing a slightly higher
percentage. | _ o

(c) Rock fragments (as in other units) include sedimentary
(carbonate, siltstone, and sandstone) and volcanic. The fragments are
usually well rounded and in the case of siltstone and sandstone con-
tain quartz grains in a clay matrix. The volcanic fragments usually ;
have microlites of feldspar and quartz in a glassy groundmass.

(d) Mica is present in trace amounts and consists of muscovite
and biotite.

(e) Heavy mineral analysis of this sand member were discussed
previously and show no variation as compared to other strat1graphic
levels. Embayed quartz found in the member agrees with the heavy
mineral analysis indicating the presence of volcanic material in the

source area.
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(f) Clay minerals as indicated by X-ray diffraction of the less
than 2 microh fraction are montmorillonite (dominant) followed by
minor amounts of kaolinite and illite. - Although clay minerals (as~
matrix) were not measured in the thin sections of this interval,
textural analysis shows that sands of the interval have somewhat more
silt and clay (15 percent) than sands of the basal unit (5 percent)
and considerably less thdn sands of the lower unit (25-40 percent).

Authigenic Constituents

Authigenic constituents consist of anhydrite and quartz over-
. growths as discussed for sands of the basal unit.

Organic Constituents

Minor amounts of forams are pfesent in this lower sand unit.
- Approximately 1/3 of the forams noted in thin section and in picked
samples are reworked Cretaceous’varieties. |

Upper sand, Upper unit (De 1a Gringa) and Upper Group (Southern

'vfszfﬂl:. Fifteen samples were collected from sands associatedeith
the upper unit and upper group of these two prograding éystems. Seven
samples were takenifrom the upper sand mémber of the upper unit of the
De 1a Gringa.systém. Three were taken from core H5-40 and four from
G5-60. Ih the Southern system, 8 samples were taken, 5 from G5-65
(Unit 3 upper group) and 3 from F5-42 (Unit 4 upper group).

The composite summary of petrographic analyses of these 15 samples
is shown in Table XIII (see also Fig. 45).
Eighty-six percent of thé samples are classified as lithic arkoses,

the remaining percentage are feldspathic 1itharenites.

| Sands from the upper sand member (Upper unit De la Gringa) and
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the upper units (Upper Group-Southern system) are typically moderately
well sorted (.5-.7@) fine grained lithic arkoses and feldspathic 1ith-
~ arenites (see Figs. 41, 42, 43 and 44). Triangular plot of petro-
graphic data is shown in Fig. 45, |
The following petrographic analysis is from a tybica] sand asso-
ciated with these samples
Texture. Quartz grains are of two sizes. Larger grains (.07-.19
mm) Vary'from subangular to subrounded with an occasional large grain
being rounded-well rounded. Average visual roundness cf larger grains
is 3.0 (Pettijohn et al., 1972, p. 586). Smaller quartz grains (.04-
.07 mm) vary from angular to subangular (roundness of 2.3) to sub-
rounded (3. 2) Composite quartz has variable roundness (2.5-3.2) and
is general]y in the same size range as the larger quartz. Feldspars
range from subangular to subrounded with an average visual roundness
of 2.7.
" This sandstone is submature because of its sort1ng (Pett1John et
al., 1972, p. 588).

Terrigenous detritus

(a) Quartz is dominantly mono-crystalline, Showing both undulose
and non-undulose extinction. 0ver§rowths‘are a common constituenf of
the mono-crystalline grains. Quartz grains are commonly fractured. .
Composite quartz is rounded to subrounded and usually fine grained.
Extremely fine grained rounded chert occurs in very low percentages.

(b) Feldspars include orthoclase and plagioclase which occur in

approximately equal amounts as well as trace amounts of microcline.
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.1 mm

Fig. 41. Moderately well sorted lithic arkose from upper sand (upper
un1t) De 1a Gringa system. Core G5-60, 38. 5'

Fig. 42. Moderately well sorted 1ithic arkose from upper sand (upper
unit) De la Gringa system. Core H5-40, 25-25. 5'.
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Fig. 43. Moderate]y well sorted fine grained 1ithic arkose. Upper
group sand, Southern system. Core G5-65, 13.5'. Note
reworked Cretaceous foram. :

Fig. 44. Moderately well sorted fine grained Tithic arkose. Upper
“group sand, Southern system, Core F5-42, 19-21'.
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In most cases all three species'have a fresh appearance and do not
appear to have been subjected to long or intense weathering.

(¢) Rock fragments are sedimentary (siltstone, sandstone, and
carbonate) and volcanic. The fragments are usually well-rounded and
in the case of siltstone and sandstone contain quartz grains in a clay
matrix. The volcanic fragments usually have microlites of feldspar
gnd quartz in a glass groundmass. .

(d).'Heavy minerals were.discusséd previously and show no variation
from other stratigraphic units.

(e) Mica is present in trace amounts and consists of muscovite
and biotite.

(f) Clay minerals as determined from X-ray diffraction are mont-
morillonite and minor amounts of kalinite and illite. Clay matrix
was not determined although percent less than 0.062 ranges from 410
percent to 20-30 percent thch is considerably more than the basal

~unit and in most cases is more than the lower sand of the upper unit.

Authigenic constituents

Disassociated shards and "feathered" edged plates of angydrite and
authigenic quartz overgrowths as discussed for sands of the basal unit
are the only authigenic constituents.

Organic constituents

Trace amounts of ostracods and low percentages of forams are the
organic constituents. Cretaceous reworked forams are not uncommon.
In summary, samples from all the units differ very little in

detrital framework components. The major differences, which have en-
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vironmental -application and significance are textural (i.e. grain size,

sorting, and percent "less than 0.062 mm") .
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ENVIRONMENTAL CONSIDERATION AND DISCUSSION

The stratigraphy; sedimentary parameters and microfauna data S
(Tables XIV and XV) can be integrated to interpret the environmental
framework of both the De 1a Gringa and the Southern system. These
two distributary systems and their associated debositional environ-

- ments are discussed spearately before being integrated into a cbmp]ete
framework package. ’
DE LA GRINGA SYSTEM

As shown on Figs. 26, 27, and 28, the major depositional environ-
ments associated with the De 1a'Gringa system are fluvial, fluvial
marine, prodelta, and nearshore opén marine. The different environ-
ments in relation to E-log characteristics are shownAin Fig. 46.

. These environments and their corresponding sub-environments are dis-
cussed below. | | |

flgngl, Fluvial environments as considered here encompass marsh,
natural levee, interdistributary bay, and sands associated with the
deposition of a meandering distributary. The upper 10 feet of core

H5-40 penetrate silty clays with massive 1o horizontal bedding.

Microfauna including Bisaccium imbricatum typical of brackish marsh
fauna indicate the filling of this abandoned channel since the last
active deposition. Cross-bedded sands occur»in the 10-30 foot interval
of this core with 2 fining upward sequences. Each interval has clay
galls at the base and are interpreted here as two overlabping point
bar depoéits formed during channel migration. An average cross-bedding

direction of 20 indicates that active progradation during this time was '
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bedding, and 1ithology data, Cores

33, and H5-88.

H6-

Summary of texture,

H5-90, H5-40,

Table. XIV.
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FLUVIAL-FLUVIAL MARINE

*Bisaccium imbricatum (brackish marsh)

Candona lactea

Candona marchia

Céndona obtusa

Cypridopsis vidua (fresh water)

‘Limnocythere santipatricii

BAY-DISTRIBUTARY MOUTH

Candona marchia

Cyprideis littoralis

Hemicythere johnsoni

*Palmerinella gardenislandensis

*Palmerinella pa]meraeldiminuta

PRODELTA
Cyprideis locketti

Cytherura johnsoni

Hemicythere conradi

Microcythere johnsoni

~ Perissocytheridea bicelliforma (al1 environments)

Perissocytheridea brachyforma (all environments)

NEARSHORE-OPEN MARINE

*Florilus atlanticus

*Fursonkoina pontoni

Table XV. Foraminiferavand
*Foraminifera . Ostracod associations.
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to the north similar to the abandoned meander system which has incised
the present deltaic plain. The sand within this interval closely re-
sembles the fluviatile sands discussed by Oomkens (1970, p. 201) in
the meandering distributary channels characteristfc of the post-'
Pleistocene Rhone delta. The fluviatile sands described by Oomkens
were deposited as point bars and range in thickness from 15 to 30
feet. Within these fluviatile sands of the Rhone delta, fauna are
practically absent and the sands are generally cross-bedded althoﬁgh
horizontal bedding may occur at any interval. Clay pebble conglomer-
ates are present and there is an upward decrease in grain size.
Sediment 1nterprgted as fluviatile in originAis present in Core

H5-90 to a depth of 25-30 feet. The upper ten feet of this ihterval,‘
which is silty clay and interpreted as natufal Tevee shows massive to

" horizontal bedding with some mottling. Both foraminifera and ostracods
are lacking. Below this interval there is a thin zone containing

, staccium imbricatum which is interpreted as brackish marsh. The

lower part of the fluvial environment at this locality is characterized
by sands which are markedly different from those previously described
in core H5-40. Here the sands are interbedded with clays, are primar-
ily mottled, and show massive to horizontal lamination although cross-
* bedding is present. The mean grain size is less, the sorting poorer,
and the.percent of silt and clay is greater than in the cross-bedded
sand found in core H5-40. These sands, a1fhough related to fluvial
deposition, were most 1ikely deposited away from the active channel

sedimentation at the time of deposition thus accounting for the changes
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in sedimentary parameters discussed above.
The fluvial environments in core H6-33 is repre;ented by silts
and clays although there is a thin sandy silt unit at approximately
15 feet. Mottling due either to burrowing or plant roots has destroyed

all recognizable bedding. Bisaccium imbractum is the diagnostic foram

of this brackish marsh environment. Fluvial-fluvial-marine facies

ostracods including Perrissocyther1dea brachyforma, Cypridopsis vidua,

Candona marchia, and Candona lactea, are abundant as are two more

saline species, Limnocythere santipatricii and Perissocytheridea

bicelliforma. These léttervtwo species indicate the influence of an
interdistributary bay environment occurring away from the flanks of
fluvial sedimentation.

Fluvial sands are well exposed in core G5-60 where they reaéh a
thickness of approximately 30 feet. Cross-bgdding predominates in
'these sands, although minor amounts of horizontal bedding are present.
Clay gal] conglomerates and wood fragments are present at the base of
the cycle. Permeability and porosity both decrease upward in this
fluvial (ﬁoﬁnt bar) sequence. The entire sand member is overlain by
massively bedded silts and clays of the delta plain. Petrographically,
sands from this fluvial environment are typically moderately-well
sorted (.5-.79) fine-grained lithic arkoses and feldspafhic 1itharenites
'conta1n1ng reworked Cretaceous foraminifera

Fluvial associated sands are completely lacking from core H5-88
which is located in the area of closely spaced data toward the northern

limit of the De 1a Gringa system. This core was taken off the.flank of
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the active channel migration and is not located in an area of point

bar deposition. The fluvial environment at this locality is represented
by clays in the upper 12 feet and silty clays in the lower 16-20 feet.
Mottled and burrowed sediment is characteristic although some massive
bedding dces occur at the base (28-34 feet). Foraminifera in this

interval include Palmerinella and Miliolids both of which suggest a

shallow low salinity envivonment typical of a fluvially influenced

interdistributary bay area. The upper 2-4 feet of the core contain a

very sparse number of forams which include Ammonia, Elphidium, and

Protoelphidium which are indiéative of marine conditions. Their sig-

nificance is discussed later in relation to the position of the delta
plain during high standing sea level.

Sand percent and isopach maps of the fluvial sediment associated
with the De 1a Gringa system are shown in Figs. 47 and 48. Sand per-
cgnt mapping shows very niteiy the boundaries of the De 1a Gringa
fluvial system and the increase in sand percent from 0 to 60. Sand
percent is generally highest in the inside of meander loopé where point
bar accumulation occurs. It should be mentioned that these accretion-
ary point bar sequences show very nice]y on aerial photographs which
were an 1nva1uab]e aid in helping unrave1 the interpretation of the
shallow'subsurface stratigraphy.' Isopach mapp1ng of fluvial sands
follows closely the pattern of the sand percent map. Thicknesses of
the sands ranges from 0-5 feet at the limit of fluvial sedimentation
to 20 feet near the channel axis. The increased thickness at the

channel axis is of course dramatically influenced by point bar accumu-
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DE LA GRINGA SYSTEM

_ FLUVIAL
SAND %
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Fig. 48

DE LA GRINGA SYSTEM

SLUVIAL
SAND 1SOPACH
clas’
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lation. It should be noted that both the sand percent and isopach
méps show very well the splay deposit in the northern part of the area.
| The three environmenfs, natural levee, brackish marsh, and inter-
distributary bay are associated strétigraphically with the upper sand
member (fluvial) as discussed previously. Silts and clays afe charac-
teristic of the environments which flank the upper fluvial sand member
| and grade both laterally and vertically into channel sands in all sec-
tions and the fence diagram. The upper sand member; which was previous-
1y shown to be discontinuous or poorly defined in certain sections, owes
this discontinuity to its channel associated fluviatile origin. This
similar problem of discontinuous sand bodies of channel origin is noted
by Oomkens (1970, p. 209) in the Rhone delta, where chénne] filled
sequences vary in thickness from 12-30 feet. He states that the width
of the belt in which channel deposits occuf varies from 1500 feet to
moré than 15,000 feet. This extreme variébility in width is also noted
in this study. In section C-C', the upper sand member is continuous
for'approximately 8,000 feet.whi1e in sections shown by the fence
diagram this uppef fluviatile sand is continuous for 1500-2000 feet.
Oomkens (1970, p. 209) interprets this variability in width as being
due to channel migration. It should also be noted that the upper sand
member ih this study area becomes more poorly defined away from the
present channel and is completely absent in section G-G'. Channel
systems and point bar sequences are well documented in many delta
studies, including those by Mecke] (1975, p. 257 - Colorado delta),
Maldonado (1975, p. 310 - Ebro delta), Kanes (1970, p. 90 - Colorado
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delta), Donaldson (1970, p. 117 - Guadalupe delfa),‘Fisk (1955, p.
388 - Mississippi delta), and Allen (1970, p. 144 - Niger delta).
Leblanc (1972, p. 151) has an excellent summary of the sandsténe
geometry of point bar sequences, although not necessarily those asso-
ciated with deftaic plain environments.

Meckel (1975, p. 257) has an excellent summary of meander belt
distributary channels which is shown in Tab)e XVI in comparison with
those of ‘the De 1a Gringa system of the Rio Grande delta.

Fluvial marine. Fluvial marine environment is here defined as

that depositional environment where fluvial or river-borne sediment
comes in contact with an environment characterized by marine processes

and ostracod'fauna such as Perrisocytheridea bracyforma, Candona lactea,

Candona marchia, and Cypridosis vidua. The sediment type associated

© with this'environment is best exemplified in core. H5-90 (Fig. 27) at
a depth of 25 to 50 feet. The sediment is characterized by a horizon-

_'télly bedded sand with a 1arger‘graphic meaﬁ than the overlying fluvial
sand. In addition, the sorting is much better and the percentage of
silt and clay is much less than in the overlying sand. Fauna of any
type within this interval is completely lacking,’ indicating perhaps an
énvironment unfavorable for fauna because of high rate of sand influx
and/or reworking. | |

In'core H5-90, the fluvial-marine sand is poorly defined and 1is

essentially a sandy-silt with a poorer sorting coefficient and a larger
percentage of silt and clay than the overlying.fluviati1e sand. The

bedding, although somewhat mottled, is characterized by horizontal
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Thickness

Grain size

Sorting

Clay clasts

Co]drado delta
Gulf of Calif.
Meckel - 1975

Variable-up to 100 feet

Pronounced fining upward
from fine and coarse sand
to very fine in upper part

of the deposits

Moderate to very well

Both scattered throughout
section and concentrated

~in well defined beds

Clay interbeds

Organic debris
Basal lag

Granules and
pebbles.

Crbss-bedding‘ |

Massive and
horizontal bedding

Root markings

Fauna

Only a few at the top

Both macerated and
fragments scattered
throughout

Rounded clay clasts
and wood common at the
base

" Common near the base

Dominant

May occur anywhere in
section

Common near top

~Plant remains

144

Rio Grande delta ,
De 1a Gringa system
This study

Vdriable - 20-30 feet
Fining upward - fine
sand at base with clay
galls to sandy silt at
the top

Moderate to well
Throughout section and
at base of point bar
sequences

Present at the top

Wood fragments common

Same

Absent

Dominant

Rare - occur anywhere

“in section

Probably cause of some
mottling in overlying
clays

Plant remains

Table XVI. Comparison of fluvial systems - Colorado and Rio Grande

deltas.
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lamination and ripple marks. Foraminifera are sparse, although ostra-

cods such as Cypridopsis vidua and Candona lactea are present as are

charophytes.

~ In core H6-33 (Fig. 28), the sand interpreted as fluvial-marine
which occur between 25-35 feet show mottled to horizontal bedding and
are.moderate1y well sorted corresponding to a low percentage of silt
and c]ay. Ostracods present in silts and clays at thé base of the -

sand are indicative of a fluvial-marine assemblage and include Cypri-

dopsis vidua, Candona lactea, Candona marchia, and Perrisocytheridea
brachyforma. |

Fluvial marine sediment in core H5-88 (Fig. 29) is represented
entirely by We11-moderate1y'we11 sorted sand. . ﬂorizontal bedding pre-
dominates, although éome cross-bedding is present. Clay gall conglom-

 erates aﬁd occasional thin silt layers are present. Percent of silt
and clay is very low (<20 percent), Permeability and porosity both
. show an upward increase in this fluvial marine sand.

Petrdgraphica]Ty, sands from the fluvial marine unit are moderately
well sorted (.5-.7¢) fine grained 1ithic arkoses and feldspathic
litharenites. |

“ Sand percent and thickness of the fluvial marine sands are shown
in FigsT 49 and 50. Sand percent ranges from 0 ét the edge of the unit
to 60-80 percent at the axis of the fluvial marine wedge. Sand thick-
ness increases from 0-5 feet at the margins of the sand body to a |
maximum of 25 feet at the center of the unit. The axis of sand percent

and sand thickness of the fluvial marine environment is closely related
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to that of the fluvial environment which is not unusual since the
former derives its sediment from fluvial input.

Stratigraphically, the fluvial-marine sands which dominate the
Tower part of the middle unit are the most continuous sand within the
deltaic complex as was demonstrated by the previous discussion of
physical stratigraphy. The base of this unit is readily defined by
gamma and S.P. curves on the majority of E-logs used throughout the
study area and is in marked contrast to fine-grained silts and clays
lying below it. ' _.

The widespread distribution of this unit in addition to the fact
that it is in places gradatibna1 with overlying channel (fluvial) sands
and intergfades laterally with silts and clays makes it similar to dis-
tributary mouth bar sands of Fisk (1954, p..89). In addition, the meén

~ grain size of this interval is coarser than those of underlying units
and the maximum grain diameter of this fluvial-marine deposﬁt coarsens
upward in all sections. The fact that silts or sandy silts comprise
some of this unit is not unusual for fluvial-marine environments, as
Fisk (1961, p. 39) Tumps three 1ithologic zones, an upper zone of silty
sands and'sandy silts, a "clean" sand zone of less than 20 percent silt
and clay, clayey silt, into what he terms distributary mouth bar sands.
AJso,‘AIIen (1970, p. 148) mentions very fine sands and coarse silts,
which are found in river-mouth bars of the Rhone delta. On a smaller
scale, Donaldson (1970, p. 117) describes mouth bar sediments of the
Guadalupe delta as being sand, sandy silt, and silty sand. Similarly

Kanes (1970, p.i101) refers to mouth bar deposits of the Holocene
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Colorado delta of Texas as sand and silty sand.

| Because the Mississippi River deita system has been so extensive1y'
described by several workers, it is oftem tempting, and without fault,

| for other workers to use the Mississippi delta as a model for their
interpretations. However, the high constructive lobate nature of the
Holocene Mississippi birdfoot delta may in some ways be analomous when
compared to deltas which drain a smaller area, have a‘high sand/mud
ratio, and empty sediment into a higher energy shallow-marine reservoir
(Busch, 1971, p. 1137). Such deltas are termed destructivé deltas
(Swifc'and Fisher, 1970, p.'14) and modern Holocene’examples jnclude
such deltas as the Po, Nile, Rhone, Danube, Appalachicola, Irrawady,
and Niger. -

Of these destructive deltas, the one most studied by core data is
the Rhone. Oomkens (1970, p. 205) mentions that as soon as river-mouth
bar has been built up, wave energy is concentrated against it. Material
rcworked from the bar is moved 1atera11y by 1ittoral drift and fashions
or nourishes coastal barriers linking the mouth bar with the coastline.
This process produces a vertical sed1mentary sequence that coarsens
upward and 1is interpretod by Oomkens as part of a deltaic-fluviomarine
offlap sequence. As described by Oomkens, these sands reach a thick-
ness of.30 feet and comprise a sheet 30 by 12 miles in extent. The
fauna is predominantly marine but includes a notable percentage of
fresh and brackish water ostracods. The sand is well sorted and
generally horizontally bedded, although low angle cross-bedding is

commonly present. Oomkens (1970, p. 209) shows in a core description
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that barriers may be in contact with overlying channel deposits, the
same of which is true for Fisk's model. |

In both céses mentioned above, sediment is derived ffdm a fluvial
ofigin and is redistributed by wave action forming continuous sand
lithologies of either mouth bars or barriers depending on the wave

" energy and depth of water. An interpretation of the processes necess-
ary to produce the fluvial-marine sands of the Rio Grande delta is

| somewhat difficult from the core data available. Micro-fauna data are
sparse within this zone, although in core H6-33 the basal silts and

clays of the fluvial-marine environment do contain ostracods, includ-

ing Perissocythere brachyforma, Candona marchia, Candona lactea, and

Cypridopsis vidua (fresh water) as well as charophytes. Fisk (1961,

p. 51) notes that bar mouth sands are free of fauna but do grade into.
" facies containing fauna. Both Donaldson (1970, p. 128) and Kanes (1970,
~ p. 101), however, show the presence of faunal assemb1ages in the distri-
butary-infuenced mouth bars. Bedding within the fluvial-marine sands
is dominant]y horizontally bedded in contrast to cross-bedded sands de-
scribed by Fisk (1961, p. 50) and Coleman and Gagliano (1970, p. 144)
which are dominant in distributary mouth bar sands. Shénnon and Dahl
(1971, p: 1200), however, do refer to "laminated" sandﬁtones being
present in mouth bar sands which are distinguisﬁab]e from overlying
channel cross-bedded sands. Similarly, Swann (1964, p. 647) in his
discussion'of Late Mississippian (Chesterian) sands of the I1linois
Basin indicates that major sandstone bodies, which he compares to

mouth bar sands of the Mississippi delta, are massive with paraiiel-to-
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flat bedding and are distinguishable from cross-bedded channel sands
which may cut into them. In addition, Allen (1970, p 148) states that
in the Niger delta, the varied character of the river mouth bar sedi-
ments reflects the broad range of energy conditions to which mouth

bars are subjected. Sands of the bar crest are well sorted, fine to
medium grained, and generally show gently inclined laminae in cross-
cutting‘sete. Large scale cross-bedding and cut and fill structures -
are rare although ripple laminations may be found. On the flanks of
the bars are well-sorted very fine grained sands which show even
laminations. | | .

Both the mouth bar sands of Fisk and the barrier complex described
by Oomkens gtve essentially the same product. The processes forming
the product is dependent on the energy level of the marine reservoir
into which the sediment is introduced. From the data aVai]abIe, it is
safe to say that the contihUity, bedding, textural parameters, and
lateral distribution of the sands of the middle unit indicate the in-
fluence of wave distribution in front of a source of sediment (distri-
butary mouth bar).

It is possible that these sands could be similar (at 1east in
depositional process) to the delta front sheet sands of Fisk (1955,

p. 388, 1958) which are termed inner fringe sands by Leblanc (1972,
p. 156). However, the term "sheet sand" carries an implication of
continuity not applicable to the fluvial marine sands considered here
end the term "inner fringe" sands is somewhat vague especially in

relation to depositional process. In addition, sedimentary character-
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istics (grain size, bedding, etc.) of delta front sheet sands are not |
well defined by Fisk or Leblanc and are thought to form by wave rework-
ing of fluvial and distributary mouth bar sands. Furthermore, the
barrier (fluviomarine offlap) sequence descfibed by Oomkens does not
seem applicable for two reasons: (1) the sands are not oriented pro-
perly for a barrier system, and (2) the thickness of the sands thins

~ rapidly away from the Tocation of the channel mouth which is not
typical of barrier systems. In summary, the term fluvial-marine sands
(distributary mouth bar?) seems most applicable as a descriptive term
for these sands, although the process of deposition is probably similar
to thét mentioned by Leblanc for the "inner fringe" sands or by Fisk
for his delta front sheet sands. |

Prodelta. Below the fluvial marine sands interval is what was
previously stratigraphically described as the lower unit. Environment-
ally, this unit is defined as being prodelta Qith a sub-environment
considered to be bay?distributary mouth.

Lithologically, this unit is dominantly silts and clays with thin
interbeds of sand and sandy silt. Clays show both horizontal and
mottled bedding, the mottling perhaps due to the influence of burrowing -
organisms. Contorted bedding, especially in the clays and silty clays,
is not uncommon. Sands, sandy silts, and sandy clays show predominantly
rippled and horizontal bedding; cross-bedding is rare. Sand members
within the prodelta unit are thin and rarely exceed 5 feet. Textural
data are sparse, although percent "less than 0.062 mm® is high (50-80

percent), and sorting is moderate to poor.
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Sands from this unit are hoderately-poorly sorted (1.6-2.20) sub-
angular to subrounded very f1ne grained 1ithic arkoses.

Sand percent of the De la Gringa prodelta environment 1s shown in
Fig. 51. Sand percentages range from 0-5 percent at the margins of
the prodelta environment to 25-30 percent at the center of the prodelta
unit where sediment influx derived from fluvial and quvial-marine
sands is higher.

'Below the fluvial-marine environment from a depth of 50 to approx-

1maté1y 70 feet is what is considered a subenvivonment of the prodelta
" the béy-distributary mouth faéies. This interval in all three cores
(H5-90, H5-40, and H6-33) contains pro]ific fauna, both foraminifera
and ostracods. Characteristic of the bay-distribdtafy mouth environ-

ment are two foraminiferal species - Palmerinella gardenislandensis

and P. palmerae diminuta. Lankford (1959, p. 2095) states that P.

gardenislandensis apparently requires a high]y variable sélinity and

" wis most abundant in the fluvial marine assemblage". Both P. garden-

jslandsis and P. palmerae dimunita are also common diagnostic forms
“found in‘bay environments (see Appendix). Terms such as bay-distri-
butary mouth, bay, prodelta-bay, etc., are awkward but out of necessity
for communication and labeling must be used. A more precise means of
describing this subfacies would be to call it "an environment of highly
variable salinity affected by fresh water (fluvial) discharge". Hope-
fully the term bay-distributary mouth is somewhat indicative of thié
complex environment. |

It was mentioned earlier that both foraminifera and ostracods are
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prolific in this environment, which is somewhat problematical. Lank-
ford (1959, p. 2094) considers some of the reasons for high production
in areas inclunced by river discharge and relatively rapid sedimenta-
tion. Lankford states that there are several features associated with
river effuents which may be important. These are concentrations of
nutrients and trace elements, large bactefia] population adhering to
the surfaces of the surfaces of the finely divided detritus, and an
" abundance of organic solids. ‘ |

Not only is the prodelta environment complex paleoecologically,
but sand members within this unit also present some problem. As dis-
cussed stratigraphically these sand members are thin, imbricated, and
discontinuous both north-south and east-west within the deltaic-
marine/prodelta environment. The literature oﬁ such sand bodies,
especially inArecent deltas, is not extensive. Oomkens (1970, p. 206)
menticns that the Tower part of a fluviomarine regressive sequence in
the Rhone delta contains clays interbedded with thin silts and sand
beds. These silt and sand beds increase upward in number toward the
fluvially influenced part of the seétion. However, Oomkens makes no
attempt to correlate such sand units due to Tack of subsurface control.
Allen (1970, p. 149) in reference to the Niger delta, mentions that
layeréd deposité of interbedded clayey silt with coarse silt or very
fine sand persist to the edge of the prodelta slope. Again any sort
of subsurface data or correlations is lacking.

Workers in ancient deltas have encountered such sand bodies, al-

though in a larger depositional framework than is being considered
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here. Shannon and Dahl (p. 1202), in their discussion of deltaic
stratigraphic traps in West Tuscalosa Field, Texas, mentions pods of
sandstone virtually enclosed in bar slope (silty claystone) deposits.
Their explanation is that during times of normal river discharge, |
stream bed load is carried to the shoaling crest of a stream mouth
bar, where sand is deposited then reworked and spread 1atera1iy by
marine action into a crescent shaped bar as described by Fisk (1961,
p. 30). As river flow increases either annually or catastrophica}]y,
the channel may cut through the bar crest allowing bedload sand to be
spread as bulge onto the frontal bar slope. The sand settles into the
finer material on the bar slope and as river stage drops is covered by
silts and clays creating the pods described above. Shannon and Dahl
(1971, p. 1203) further add that these sands would have much poorer
continuity than those of the river mouth bar - an association typical
of such sands in thé present study area.

Potter (1963, p. 84) considers the origin of some pod and ribbon
sandstones in his discussion of Late Paleozoic sandstones of the: I11linois
basin. One of the'possibilities (p. 85) is that some of the isolated
pods and ribbons may have been formed by jet currents off the mouths

- of delta distributéries. Potter also mentions that tidal currents
(p. 84) or turbidites (p. 85) may have bgen influential in forming
these sénd bodies although bedding structures seem to negate the latter
hypothesis.

Swann (1964, p. 648),iin his discussion of sandstone bodies in the

upper Mississippian of the I11inois basin mentions sand bodies which
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are smaller than the mouth bar sands and have a variety of origin and
shapes. Some are like sheets, others are thicker, elongate, and either
straight or curved. Some are attached and form part of the main sand-
stone framework of their respective units, while others are isolated,
surrounded by shale or shale and limestone. Swann feels that many of
the small sandstone bodies are cdmpo;ed of sand that was eroded from
ﬁouth bars and redistributed by waves or tidal currents. He states

(p. 643) that a rivér mouth bar is not static and is subjected to wave -
and tidal attack that tend to'destrovvit and redistribute the sand as
beaches, delta front sﬁeets, or tidal current ridges. He concludes

(p. 649) by saying that although minor sandstone bodies are of many
origins, most are closely related to delta growth.

Although the sand members within the lower unit preséntly under
discussion have been shown to be stratigraphically significant, their
origin is probably twofold. Because they directly underlie and are at
times gradational with continuous éands that are interprgfed as fluvial-
marine (mouth bar), it is suggested that their origin is similar to

- that offered by Shannon and Dahl for discontinuous sand of the lower
bar slope or to that offered by Swann in which sand eroded from mouth
bars is redistributed by waves or tidal cufrents. A third possibility
although difficult to substantiate is that sediment eroded from the ’
Southern system was redeposited to the north in the areas later to be
occupied by the advancing De la Gringa system. This origin is highly

possible and prubably as acceptable as the two mentioned above.

Nearshore Open Marine. The lowermost interval previously defined -
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as the basal unit is dominated by sands which have interbedded silts
and clays at the base. These sands are well sorted, have a very low
percentage of silt and é]ay; are coarser than sands in the overlying
units and have a maximum grain diameter that generally fines upward.
The sands are dominantly cross-bedded with some horizontal bedding,
rippled bedding, and clay galls. Petrographically, these sands are
we]]-moderate1y well sorted (.35-.5p) subangular to subrounded fine
grained.1ithic arkoses. Silts and clays at the base are characterized
by mottled bedding. Foraminifera are completely lacking and ostracods
are extremely rare. This unif'which was penetrated at between 90-110
feet in all the deep wells formed the base for the drilling operations
| in the area;

Because of its continuity, textural parameters, and lack of micro-
fauna, tﬁis sand is interpreted as a destructiona] phase sand perhaps
dpe to the last post-g]acié1 rise in sea level which affected the Texas

_ shoreline 9-10,000 years B.P. (Nelson and Bray, 1970, p. 67). Similar
transgressive sands underlie other modern deltas of the world, includ-
ing the Orinico (VQn Andel, 1967, p. 203), the Niger (Allen, 1970, p.
150), the Rhone (Oomkens, 1970, p. 200), and the Mississippi (Kolb and
Van Lopik, 1966, p. 21). ' |

In addition, Curray and Moore (1963, p. 79) report é continuous -
fine-grained well-sorted sand which overlies the pre-transgressive
Pleistocene flood plain surface of the Rio Grande de Santiago and
other small adjacent rivers of the Coasta De Nayarit continental shelf-
coastal plain complex of western Mexico. This sand, which is contin-

1.
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uous along the strand plain even though it does have an irregular sur-
face due to sub-aerial erosion, is partially covered with younger or

" modern Holocene alluvium much like the basal sand considered here.

‘Underlying this sand in the lowermost 10-15 feet of the basal unit

are well sorted sands with interbedded silts and clays. The clays show
mottled bedding which may be due to burrowing organisms. Ostracods are
extremely rare within this interval. Foraminifera are absent except in
core H6-33, where the presence of bay sound as well as near shore-open

marine foraminifera such as Florilus atlanticus and Fursenkoina pontoni

suggest a marine environment related to an earlier deltaic system.
SbUTHERN SYSTEM

Both stratigraphically and environmentally the Southern system is
more complex than the De la Gringa system previously discussed. The
surface expression of three channels is.indicated from mapping of the
delta plain and one channel is evident from subsurface mapping. The
surface expreséion was of invaluable aid in unraveling the subsurface
stratigraphy and was an extremely useful bit of data that workers in
ancient environments unfortunately do not have.

Combination of surface expfession combined with subsurface mapping
has elucidated the presence of 4 channels here defined as 1A (oldest),
2, 3, and 4 (youngest). The fluvial environment encompassing these
channe]g, as well as the fluvial marine and prodelta environments, are
discussed below.

Fluvial. Channel 1A. Channel 1A (Fig. 52) is the oldest channel

present in the Southern system. Although only an erosional remnant of
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the channel now remains, fluvial marine and prodelta sediment derived
from the prograding distributary underlies the other channels of the
system (Fig. 52). Because there was no core hole through the actual
channel, its position was deduced from surface location and relation-
ship to channels 3 and 4, which truncate channel 1A and which do have
core hole data. An isopach of sediment genetically related to channel
1A (i.e. fluvial, fluvial-marine, and prodeita) is shown in Fig. 59.

" Position of sediment associated with the present erosional remnant of
channel 1A is nicely shown where the contour intervals become closely
spaced and the total sediment package is the thickest.

Channel 2. This channé] (Fig. 52) is the 1eas£ well defined of
those in the Southern system. Aside from the fact that there is no
surface expression, the stratigraphy is complicated by truncation of
the channel from the north and by channel 3 from the south. In addi-
tion, drill hole data is lacking between section E-E' and the De la
Gringa.system to the north at a most critical place where the two
systems converge. Subsurface data, however, shows the presence of a

" thick sand sequence cut into prodelta sediments at drill holes G5-47
and 48. In addition, thick sand sections occur.at drill holes G5-50
and 51 which are not correlative with sands associated with channel 3
or with thin sands of the De 1a Gringa prodelta unit to the north.

Sand percent and isopach characteristics of this channel are
shown in Figs. 53 and 54. Sand percent is higher than that associated
with the De}1a Gringa system and is as high as 80 percent near the

channel axis. Isopach mapping indicates that the sands are as thick

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



162

-3

20
40

| SOUTHERN SYSTEM \%\_,\ .
CHANNEL 2 "
. SAND % « W\
[ ] 2000 4000
ey
Fig. 53.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



163

SOUTHERN SYSTEM

CHANNEL 2
- SAND ISOPACH
2000

SO B cizs

ey

F%_g. 54

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



164

as 30-35 feet but thin rapidly away from the channeT.éxis. Both sand
percent and isopach thickness of the sands indicate that this channel
system may have two distributaries. This is indicated by two linear

~ areas of 30-35 foot sand thickness corresponding to sand percent highs
of 80 peréent. |

Channel 3. Fluvial sedimenf associated with channel 3 is nicely
shown in core G5-65 (Fig. 31) where fluvial sands reach a thickness of
30 feet.- These sands are cross-bedded and have clay gall conglomerates
at the base. Both mean grain size and sdrting decrease upward in the
classical sequence associated Qith channel (point bar)'development.
Percent "less than 0.062 mm" increases upward from 20 to 50 percent,
while both permeability and porosity decrease upward. Permeability
decreases upward from 4-5 darcys to about 1 darcy at the top of the
unit, while porosity decreases from 30 to about 15 percent. Petro-
graphically, these fluvial sands are moderately-well sorted (.5-.79)

" fine grained lithic arkoses and feldspathic litharenites. Overlying
the point bar sands afe silts and clays and occasionally thin, massively
bedded sand so typical of flood plain deposits. These silts and clays
are massive to horizontal bedded becoming mottled at the top where
burrowing and root activity undoubtedly express their influence. The

ostracod species Candona lactea occurs in these silts and clays at a

depth of 14-16 feet. This species is typical of fresh to brackish
water and occurs in interdistributary areas as reported by Swain (1955,
p. 570). '

Channel 3 is the best expressed of all channels in the Southern
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system and is very well shown in section E~E' (Fig. 52), which is drawn
perpendicular to the direction of progradation. Sections X-X' and Y-y'
(Figs. 22 and 23) also show very nicely the development of channel 3
and its subsequent truncation of channels 1 and 2. The sands of channel
3 that are so well illustrated in section E-E' have a striking relation
to the sands of the floodplain point bar model illustrated by Busch
(1974, p. 74). The generalized S.P. curve shown by Busch is also simi-
1ar to that for core G5-65 which penetrates the channel at its thickest
| portion (see Fig. 20).

Sand percent and sand thickne;s associated with channel 3 are
shown -in Figs. 55 and 56. Sand percent is again high as it was in
channel 2 and averages around 60 percent, él though reaching as high as
80 percent in some isolated pockets. Sand thickness is’greatest at
the channel axis where it reaches 30-40 feet and then thins rapidly to
the channel margins.

Channel 4. Fluvial sediment associated with channel 4 is shown in

" core F5-42 (Fig. 32), where the sands are approximately 15 feet thick.
Point bar sands here are not as thick as those shown in core G5-65 as
this core was taken further from the channel axis. Sands associated
with this channel are cross-bedded with some massive bedding at the
top. 'Clay gall congiomerates are present at two localities, both at
the base and toward the middle of the unit. The upper conglomeratic
sone also has wood associated with it and may mark the location of a
second point bar sequence, although grain size which fines upward

through this interval seems to negate this possibility. Sorting is
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erratic but does show a general tendency to decrease upward. Percent
"Jess than 0.062 mn" is low (15-28 percent) although it does increase
slightly at the top. Both permeability and porosity decrease upward.
Petrographically, sands are similar to those in channel 3, typically
moderately well sorted fine grained 1ithic arkose and feldspathic
litharenites. |

Sahd percent and thickness associated with channél 4 is shown in
Figs. 57 and 58. Sand percent is somewhat less than that in the pre-
viously discussed channels, averaging about 40 percent but reaching as
high as 50-60 percent on the inside of meander loops where point bar
thickness is at a maximum. Sand thiékness corresponds naturally with
sand percent.being the thickest on the inside of meander loops (20-25
feet) and thins abruptly to the channel margins.

Channel 4, although not well expressed stratigraphically in sec-
tion E-E', is better shown in sections Y-Y' and Z-Z' (Fig. 22) where

it truncates channels 1A, 2, and 3. ‘

Fluvial marine. Fluvial marine sediment which stratigraphically

occupies the middié unit (1B) discussed earlier is penetrated in only
one core (F5-42). Lithologically, the fluvial-marine sediment at this
locality is predominantly silts and clays which show massive, burrowed,A

mottled, and contorted bedding. Ostracods associated with the fluvial

marine environment include Candona lactea (dominant), Cyprideis torosa,

Candona obtusa, and Cypridopsis vidua. These species represent a

salinity range from fresh to brackish water which is what would be ex-

pected in a fluvial-marine environment. Thin cross-bedded sands are
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present especially af the base of the unit. These sands are moderately
sorted, have about 40 percent siit and clay, a permeability of about
100 millidarcys, and a porosity of 15 percent.

Sands within this fluvial marine environment (as‘iﬁ the De 1a
Gringa system) are fairly continuous as a censequence of their being
reworked by marine conditions in front of a source of sediment supply.
Thicknesses of the total fluvial marine bundle (sands, silts, and
clays) is quite erratic and in many p]aceg entirely eroded by 6vef1ying
fluvial activity. Because of this fact, as well as lack of data due
to absence of drill hoies, a sand percent and isopach of the fluvial
marine environment in this system was not attempted. An approximate
erosional iimit of fluvial marine sediment. is shown in Fig. 59. - Gener-
ally sand percent of this environment ranges 20-46 pércent. Thickness
of course is variable being as much as 40 feet where slightly eroded
to absent where truncated by channels;.average thickness is estimated
at 20-35 feet. |

Prodelta. The prodelta environment (lower unit stratigraphically)
is very similar to that discussed for the De 1a Gringa syétem, j.e. it
contains thin discontinuous 1en§es and pods of sand surrounded by silts
and clays. Sand percent (Fig. 60) of the prodelta system ranges from
10-15 percent at the margins to 25-30 percent toward the center where
a source of sediment either directly from fluvial input or eroded from
the fluvial marine source was available. Because the prodelta sedfment
of this system was deposited previous to that of the De 1a Gringa sys-

tem, it is onlapped from the north as is shown nicely in section A-A’
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Fig. 59
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(Fig. 52). Because the origin of sand enses in this unit is similar
to that discussed for the prodelta of the De l1a-Gringa system, it will
not be reiterated here. Thé reader is referred to that section for
elucidation of processes producing the'sands of the unit.

Nearshore Open Marine. The basal transgressive sand nearshore

open marine is simply a continuation of the sand underlying the De la

Gringa unit and the discussion will not be repeated here.
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LITHOFACIES

Lithofacies mapping of the entire sediment package associated‘with
" the De 1a Gringa and Southern systems is shown in Fig. 61. Clayey sand,
siity sand, and sandy silt dominate the sédiment péttern and define -
very nicely the channel systems. Sandy clay and sand-siltfc1ay are the
common 1ithofacies on the margins and between the two channel systems. .
. On the outer flanks of.the dfstributary plain, in areas occupied by o
interdistributary troughs, clayey si]ts are the dominant 1ithologic

pattern.
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CHRONOLOGY OF DELTA DEVELOPMENT
DE LA GRINGA AND SOUTHERN SYSTEMS

It is obvious from the previous discussion that the De la Gringa
and Southern systems developed as two separate evénts. The development
of the Southern system was as follows: (a) The oldest channel (1A) pro-
graded seaward of the present shore]ine developing a fluvial marine and

- prodelta sequence both of which are now only partially preserved; (b)
when the extended gradient of channel 1A became unfavorable for progra-
dation, sedimentation shifted (probably up the fluvial val]ey) to a
position which resulted in deve]opment of channel 2 to the north. Be-
cause of a higher gradient this ch#nnel eroded into the delta flank of
channel 1A destroying previoﬁs]y deposited fluvial marine sediments;
(c) when thevgradient of channel 2 became unfavorable for further pro-

.gradation it too was abandoned, which resuited in subsidence and marine
‘erosioh of its flanks. The fluvial pattern then shifted into the low
bétween channel 2 and!1A (forming channel 3), which truncated previous-
1y deposited sands, silts, and clays; (d) final shifting took place by
up slope diversion to form channel 4 which eroded the south flank of
channel 1A and incised only slightly previously deposited fluvial
marine sediments; (e) with the development of channel 4, sédimentatioﬁ
ceased in the Southern system and the De la Gringa system prograded to
fhe north depositing prodelta, fluvial-marine, and fluvial sediment
away from the flanks of the Southern system. As noted before, it is
possible that destruction and erosion of the northern flank of the

Southern system produced sands, silts, and clays which are considered
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prodelta sediment of the De la Gringa system. If that's the case, the
De 1a Gringa distributary probably prograded into fairly shallow (<70

feet) of water.
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RELATION OF DELTA PROGRADATION TO SEA LEVEL RISE

The progradation and development of Resaca De la Gringa and the
Southern system is closely linked to post-Pleistocene sea level rise.
During the early rising sea level stage (10,000-9400 B.P.?) the Rio
Grande entrenched valley was drowned and an estuary is believed to
haye eXisted in the area now covered by thé delta plain (Leblanc and

" Hodgson, 1959, p. 2065 Nelson and Bray, 1970, p. 67). It was during
this period of rapidly rising sea level that the basal transgressive
sand wés pfobab]y formed through reworking and destruction of pre-
viously deposited'fluvial sediment. Cuttings from cores F5-40 and Hb-
89 penetrate gravel at 160 and 140 feet respectively. It is.suggested
that this gravel represents the old Pleistocene fluviai surface that

" 1ies below the basal transgressive sand which is here interpreted as
the base of the Holocene. From 9400 B.P. to 3600 B. P. sea level rose
rapid]y (except. for a minor 10 foot regress1on at 7800 B.P.) until it
reached its present level approximately 5000-3600 years B P. (the
former age; Leblanc and Hodgson, p 206, the latter Nelson and Bray,

P 69). During this interval both the Southern system (7000 B. P ) and
the De la Gringa system (5000 B.P.) prograded their deltas seaward of
the bresent shoreline (see Lohse, 1958, and 1975, p. 532). At the
beginning of the standing sea level stage (5000 B.P., Leblanc and
Hodgson; 3600 B.P., Nelson and Bray) barrier chains began forming
(culminating in the present Laguna Madre) and tﬁe Rio Grande subdeltas

were transgressed and eroded.
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One problem remains and does deserve mention - that is, why is
the Rio Grande delta plain present]y éo far above sea level? Although
interdistributary lows are only 1-2 feet above sea level, natural
levees rise 10-15 feet above the sea level datum. In addifion, in
core H5-88, from 0-6 feet depth which at maximum is still 3 feet above

sea level which is at -9 feet, marine forams such as Ammonia, Elphidium,

and Protoelphidium are present. This core was taken at a position away
from theAinterdistributary lows and it is unlikely that the 1.5 foot
western Gulf tides (Lohse, 1968, p. 30) could have affected it although
storm generated (hurricane?) Qaves could conceivably have pushed marine
waters over the area where the core was taken.

Two possibilities exist that could explain the high standing -
netural levees and delta plain. One is that the delta has been slightly
uplifted in Recent times. This, however, seems highly unlikely, as
delta regions are characterized by subsidence and compaction. It is,

" nonetheless, a possibility as so-called "clay dunes" flanking the delta
piain may be fault scarps reflecting recent tectonism. The second
a1ternati§e is that sea-level has been somewhat higher than present
in post-Pleistocene time. The'major proponent of this school of . »
thoeght is probably Fairbridge (1958, 1961). In his 1961 work (p. 177),
Fairbridge cites 4 periods since 6000 years B.P. when sea level could |
have been higher: 0lder Peron Submergence 10-15 feet* (6000-4600 B.P.),
Younger Peron Submergence 10 feet* (4000-3400 B.P.), Abrolhos Submer-

*Above present sea level.
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gence 5-6 feet* (2600-2100 B.P.), and the Rottnest Submergence 2-3
feet* (1600-1000 B.P.). These periods are interspersed with minor
regressions of 2-3 feet. Shepard (1960, p. 340), in his discussion
of the rise of sea level along the northwest Gulf of Mexico, considers’
Fairbridge's claim of high standing post-Pléistocene sea level but con-
cludes that “it is conceivable but very improbable." '

That data used by Fairbridge in many instances is world-wide (in-
cluding Gulf Coast) and is carefully cognizant of factors such as tilt-
ing, warping, “old" C-14 incorporation, and compaction. Gulf Coast
data is especially suséeptible to compaction rates which complicate .
sea level studies. For instance, deposits associated with the Younger
Peron submergeﬁce (3 meters-3550-38000 B.P.) in the Mississippi delta
are now -2 to -4 m. below datum, indicating a not unreasonable compac-
tion rate of 1.5-2 mm/year or a total of 5.7 m..

| The 1961 article by Fairbridge is long, deta11ed argumentative,
well referenced, and is mentioned here only briefly. Furthermore,
daté from this study does not confirm or deny a higher standing post-
P1e1§tocene'sea 1éve1, but it certainly is é more reasonable hypothesis
than "delta uplift" and suggests that careful geomorphic and geochrono?
logic studies (especially of chenier ridgeé such as the Perdue chenier,
Louisiana) could be helpful in further solving or complicating the

prob]em'of post-Pleistocene sea 1evel changes.

*Above present sea level.
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DELTA MODEL

Previous diséussion of stratigraphy and depositional gnvironments
of the De 1a Gringa and Souﬁhern systems can be incorpo}ated into a
generalized model typical of shallow watef deltas. The Rio Grande
distributaries of the present study are particularly applicable to the
model as they encompass both an upslope element (thick fluvial sand of
the Southern system) and a downslope element (fiuvial'and fluvial-
marine sands of the De 1a Gringa system). '

The delta model with six‘aséociated serial cross-sections is

. shown in Fig. 62, The fo1lbw{hg discussion of depositional environ-

" ments associated with the model is from the furthest downslope section
to thé highest upslope sequence. The downs]ope section begins with the
deposition:of isolated sand elements on the prodeita and delta slope
(section A-A'). These prodelta sands are thin, imbricatéd pods, and
lenses which are probably eroded from the upslope fluvial marine sands,
or deposited as isolated events when sediment bypasses the river mouth
bars during periods of high sediment influx. Next (section B-B')qis the
deposition of distributary mouth bar sands and submarine Tevee deposits.
These distributary mouth bar sands when subjected to marine current and
wave action culminate in the fluvial-marine sands characteristic of the
De 1a Gringa sequence. Section C-C' shows the progradation of sub-

" aerial levee deposits and the beginning of excavation by fluvial pro-
casses onto the underlying fluvial-marine sands. Bay deposits are |
present flanking the fluvial-marine and natdral Tevee sequences. With

further progradation (section D-D'), the principal process is the
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initiation of meander belts with erosion of underlying units and adja-
cent marine levee units. Occurring simultaneously with the beginning
of meander processee is the lateral accretion of point bar deposits
and the building of marsh and subaerial levee deposits. As prograda-
tion continues, the meander system develops wider loops and deeper
erosion of the distributary bar sands and levee deposits occur. ‘SpIay
.deposits begin forming on the outside of meander outbanks (section E-
E'). The final stage is the development of a wide multiple meandee
“belt with cut-offs and clay plugs (section F-F'). Meander precesses
destroy most of the upper part.of the distributary system and levee
system. The end result is a multistory sand unit, composed of remnants
" of a lower coarsening upward distributary sequence, unconformabley over-
lain by a fining upward sequence. Distributary abandonment and shift-
ing of channels results in the complex sedimentary body arrangement as
shown in section F-F'. | | |
The model developed here is somewhat similar to the model develop-
ed for the Lower Wilcox (Eocene) shallow water deltas (see Fig. 63)
after Fisher and McGowen. The model also corresponds closely to that
developed for the shallow water Guadalupe delta by Donaldson (see
Malone, 1971, p. 11A), as shown in Fig. 64. As Malone (p. 11) points
out, the diagnostic characteristic of tiie shallow-water delta is that
the channel commonly cuts entirely through the previously deposited
delta sequence. The channel may at times scour deeper than the bay
depth.resu1ting in channel sands resting dieectly on bay or sea floor

sediments which is characteristic especially of the Southern system
'of the Rio Grande.
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SAND DISPERSAL SYSTEM
" - Lower partof Wilcox Group
(Eocene), Texas
pvioreard
Diagrammeatic=nol fo uniform scole

Okraction of longshore fronsport ) % §
R 2

Fig. 63. Sand dispersal system, Lower Wilcox high-con-
structive delta and associated depositional
systems, after Fisher et al, 1969, Fig. 62).
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RELATIONSHIP OF THE RIO GRANDE
TO GENERAL DELTA MODELS

Various authors in recent years have proposed general sirati-
graphic classifications of delta systems. Among these the most notable
are Fisher et al. (1969, p. 31) and, more recently, Coleman and Wright
(1975, p. 123). Galloway (1975, p. 92) has proposed a ternery classi-

. fication system with three end members - fluvial, wave, and tide
dominated. Although Coleman and Wright's classification is extensive,
usage is somewhat awkward as deltaic models are indicated by a Roman
numeral type, i.e. I, II, etc., which then'necessitates further des-
criptfon. The classiffcation proposed by Fisher et al. is, as a good
classification should be, rather generé1, simple to use, appiicable to
many delta types; and easily transferrable to Galloway's ternery dia-

- gram.

. The classification proposed by Fiﬁher et al. is as follows (1969,

p. 29): |

HiGH CONSTRUCTIVE DELTAS:: Preponderance of fluvial or fluvial]y'
' ‘ influenced facies ' '

Lobate type: lobate delta front sand geometry
. Elongate type: elengate or bar finger sand geometry
'HIGH DESTRUCTIVE DELTAS: preponderance of marine faciés
Wave dominated:‘ cuspate, strike-oriented sand trend

Tide dominated:  commonly digitéte or elongate tidal
sand bodies

Fluvial and marine processes as related to these delta types are shown

in Fig. 65.
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Anyone who has done extensive research or worked with delta sys-
tems realizes that almost every single delta is unique dependind on
source, climate, structura]lsetting, wave energy of the marine resér-

~ voir, sediment input, etc., which is why Coleman and Wright have such
an extensive, complicated classifi;ation. The Rio Grande delta is no
exception to this classificatory problem and, although is of construc-
tive nature, has characteristics of both lobate and elongate typeé.

" This is hot in itself unusual and is in fact typical of Lower Wilcox |
(Eocene) deltas (F1sher et al., 1969, p. 42) which, as discussed pre-
viously, are similar in nature to the Rio Grande delta.

Three main groups of facies characterize ‘the lobate high-construc-'
tive deltas of the Lower Wilcox which are here compared to the Rio |
Grande. (It must be kept in mind that descriptive terms such as thick,
thin, intensive, etc., are not tota11y app]1cable when comparing deltas
of different chronological or physical systems, although the process is
essentially the same). The three facies are: (1) an extensive delta
plain made up of thick distributary channel sands and a variety of
interdistributary or non-channel deposits, (2) a down dip delta front
facies consisting chiefly of sands, and (3) a "gulf-ward" prodelta
facies made up mainly of dark, organlc rich laminated muds.

The descript1on of these facies is very similar to that of dis-
tributary systems of the Rio Grande. The description of these facies |
is given below (after Fisher et al., 1969, p.‘31-32)_for comparison
purposes. ) '

The fluvial sands (of the lower Wilcox deltas) occurring updip of
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the delta system consists of sand bodies made up of several coalescing
channel lag, lower point bar, and éhute front deposits whfch accumulated
chiefly as multilayer, coarsé-grained meander belt units. On subsurface
1ogs'this facies shows a characteristic bell-shaped resistivity pattern,
marked by a sharp basal def}ection and a gradually decreasing deflection -
in the upper part showing the transition from channel sands to muddy

~ levee and overbank deposits. | 4

Characteristic features of the delta plain facies are elongate
sand bodiés that show a distinctive pattern in plan and symmetry in
cross-section, alternating with 1ignite-bearing interdistributafy mﬁds
and thin,crevassesplay and levee sahds and silts. The non-channel
pattern is marked by thin, poorly developed sands (crevasse splay and -
levee deposits), muds (interdistributary bays and floodplain.depqsits),

“and 1i§nites (interdistributary marsh and swamp deposits).

Several depoéitional units are recognized in the delta front sand
faciesvwhich acchmulated seaward of the delta plain. Immediately at -
the.terminus of distributary channels and forming a prominent sand unit
in the delta front facies is a characteristic progradational sequence,

~ marked by upward coarsening and increasing sand content. The Tower
part of the sequence consists of more distal sands and silts of the
deita front 1nter5edded with prodelta muds, grading upward to thicker
‘sands of the upper pgrt of the channel mouth bar. Seaward or downdib
of the distributary mouth bar sequence in what are designated by Fiéher
et al, as delta front slope and distal delta front units, sands de-

crease in amount and thickness and generally become muddy. Downdip and
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seaward of the delta front facies, sands are gradually lost and the
sequence consists entirely of prodelta muds. This section is parti-
cularly characteristic of the ﬁio Grande delta with the distributary
mouth bars (and subsequent marine reworking) producing.the fluvial
marine sands typical of this study.

Fisher et al. (1969, p. 32) further mention that in the Tobate

- type of high-construcfive delta there is some marine reworking of
delta front sands, producing a coalesced, continuous lobate sand fringe
(probably similar to Fisk's delta front sheet sands). These continuous
sand sheet are not typical of the Rio Grande delta system although re-
working of f1uvia1 marine sands by wave action does produce discontin-
uous sand downdip of the distributary mouth bars. Because of this the
Rio Grande distributaries have characteristics typical of elongate high-
constructivé deltas. In the elongate high-constructive de]tas'(Fisher
et al., p. 33) most of the delta facies are shown in a single sequence,
beginnjng with prodelta muds,.upward through distal, slope, and dis-
ttibutary mouth bar sands of the delta front; these‘sands are overlain
by aggradational de]ta:plain facies (levee, channel fill, crevasse,

- marsh, swamp, interdistributary bay, and floodbasin deposits). The
vertical variety of facies in the elongate deltas sequence contrasts
with the prominent vertical persistence of specific facies in Tobate
high-constructive deltas. |

Further discussion of the differences between lobate and e]ongate
éonstructive deltas would probably belabor the point. Let it suffice

to say that the Rio Grande delta 1obe (Los Cuates) under discussion
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" here is of the lobate-elongate constructive type. Its relationship to
other such deltas is shown in Fig. 66, which is a schematic diagram
after Galloway (1975, p. 92§ illustrating the three field division of '

deltas into fluvial-dominated, wave dominated, and tide dominated types.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissioh.



194

TIOE
DONINATED

TIOAL ENERSY RLUX

RS

<ification of deltaic depositional

. . iangular clas
Fig. 66 :;;te%s (after Galloway, 1975, p. 92).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



195

CONTINUITY OF SANDSTONE BODIES

When this study was originally initiated by Dr. Pryor at Gulf
Research and Development Co., it was designed to gain better under-
standing of sandstone geometry, trend, and continuity in deltaic
systems. Hence, the drilling program was based on closely spaced
drill holes (500-2000 feet) to provide what is probably the most de-

~tailed stratigraphy available on delta distributary systems. Histori-
cally, the Fisk model of distributary bar sand bodies has been known
for 20 years and has served well in the understanding of deltaic de-
position and prediction of ancient analogues. Other delta systems
(suﬁh'as'those referred to and discussed in this study) have been
added since then and have verified the Fisk model geometries, but have
added 1ittle to the details of sand body geometry related to delta
distributaries. Non-critical use of the Fisk model and subsequent
generalized studies of delta systems have led us.to think of the bar
fihger sands and delta front "sheet sands" as relatively uniform sand

| masﬁes'with very little variation other than a coarsening upward se-
quence. Since thé internal stratigraphy and stylé of these sand bodies
are poor]y'known, the present study has dealt.heavily with stratigraphic
analysis to point out and delineate deficiencies and shortcomings in
previous models and to suggest a more reasonable (aithough complex)
nature of deltaic associated sands.

It was felt necessary to carry the strétigraphic analysis one step
further in order to place a continuity index (both lateral and vertical)

on sands associated with the delta progradation. This type of study is
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difficult, especially since no previous studies are available for com-
parison. The only other study which may be similar is that by Polasek
and Hutchinson (1967, p. 405), who attempted to devise a heterogenity
factor (HF) for predicting reservoir behavior. Their HF, however, is
Hp1agued by the fact that it is not related to depositional environment,
has no predictive qualities, says nothing about sandstone trends, and
is poorly presented making it extremely confusing and difficult to use.

| With that in mind, it is attempted here to devise an index which
is generally applicabIe to delta systems, easily used, and is predic-
tive concefning sandstbne continuities in both a lateral and vertical
nature as well as parallel and perpendicular to the direction of pro-
gradation.

In order to do this the two systems, De 1a Gringa and the Southern
system, were separated as different entities. Cross-sections of equal
length were set up in each system for the lateral continuity indexes.
These cross-sections were selected both parallel and perpendicular to
the direction of progradation. Because drill hole data is more abun-
dant in the De 1a Gringa system, index cross-sections are naturally |
more abundant there (see Figs. 69 and 72).

Lateral continuity indexes were measured as follows (see Fig. 67):
(a) cross-sections were made at approximately equal length for compari-
son purposes; (b) maximum and minimum sandstone continuities for each
environment were measured at each section and that 1ength was divided
by the standard cross-section length; the resulting number being the~

continuity index for the sand in that section. -Where sandstone bodies

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



197

*saxopu} A3Lnupjuod fedaje| bBuransesaw 404 PoyisW L9 ‘614

*uoirjepeaboad JO uOL3I34LP Y3 03 Jepnojpuaduaad pue aijeded y3oq SuoL3dds J04 3uop Si SHUL

m, and average continuities were measured. This method

m, minimu

were numerous in each section (such as the prodelta environment),
maximu

aphically shown below for clarity.

is gr

Q :
e

Xapu] *quon = gl* =.000°HL *S31p0Oq pues G U0 paseq ‘uo) “Bayx
. 000°G1L
| ple =000 pL . .
2L 60° 000°2 000° L 0002 *0d
) 0°L = OODHMF c )
-- v/N 000" t1 /N 000°¥L W4
G = 000°¥1L
-- L 000°L 0002 0002 14
“BAY Xopu] ‘2uo0) Xapul ' 3uo) *3U0) “ULW *3U0) *Xey *AU3]
"ULY " Xey
. . . N
< ,000°t1 >

<

wr

Zn_A et I
Ld

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



198

Continuity indexes devised in this manner have connotations of deposi-
tional environment as well as trends (parallel or perpendicu]af) to
progradation direction. 4

For purposes of a vertical continuity index (Fig. 68), the follow-
ing method was used: (a) maximum sand thickness for each well for each
environment was determined; (b) maximum continuous sand for each wéll
}for each environment was determined; (c) the thickness determined in
step (b) was divided by the total thickness in step (a) resulting in
a maximum continuity index (see below).

1 2 3

“—‘_-_’.—-/ . - N - -

A
| : : . .‘:::"7‘::>

Max. Vertical

Env.  Well  'Max. Th.  Max. Cont. ss Th. Cont. Index
Fl. 1 12" 6"  6/12= .5
Fl. 2 15' 15! 15/15 = 1.0
Fl. 3 10 2' 2/10 = ;2

Fig. 68. Method for measuring vertical continuity indexes.
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An index devised in this manner gives an indication of the maximum
sand thickness uninhibited by clay or shale boundaries which tend to
reduce sandstone permeability and porosity. In other words, it is the
maximum continuity unbroken by boundary layers.

The resulting index number for each well can then be plotted in a
manner similar to sand thickness or sand percent. .In environments
where sand bodies are numerous and approximately the same thickness,
total average vertical continuities are more applicable than trying to
contour continuities for each well. |

One problem inherent to this vertical continuity index (v.C.I.)
calculation is that many times sands will thin toward the edge of the
depositional_system but will nonetheless remain as a single unit - this
tends to produce high vertical continuity indexes (i.e. 1.0) at the
sand body edge. In fact, the boundary of channel sands (especially in
the Southern system) is marked by a vertical index of 1.0, indicating
a‘thin but continuous sand. This also points out the need for using
sand isopach maps of the various environments in relation to the V.C.I.
maps in order to pfedict maximum sand thickness as well as maximum
vertical continuity. This problem of thin sands with a continuous
thickness can be somewhat alleviated by simply multiplying average
thickness of the sands by avefage Vv.C.I. This, in general, combines
both vertical continuity and isopach thickness and shows at a glance
the relative reservoir potential for individual environments in a

vertical sense.
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DE LA GRINGA SYSTEM

Fluvial, Twenty cross-sections were constructed in the De la
Grihga system for determination of lateral continuity associated with
fluvial ‘sands. (The position of these sections is shown in Fig. 69).
Fifteen sections were constructed perpendicular to the direction of

“progradation and 5 were constructed parallel. The resulting data is
summarized in Tables XVII and XVIII. Perpendicular te the direction
of progradation, maximum continuity is found in section L-L'_(L.C.I.*=
.71) while minimum continuity is in section A-A' and P-P' (L.C.I.=.14).
Average maximum continuity is .49 while average minimum continuity is
.45,

Parallel to the direction of progradation,'maximum continuity is
1.0 (sections V-V' and T-T') while minimum continuity is 0.0 (where
f]uvia1'sands are lacking) to .21 (section S-S').

Average maximum‘;ontinuity is .5 and minimum continuity is .4.
Results of the L.C.1. for fluvial sands both parallel and perpendicular
to the direction of progradation indicate that the indexes are approxi-
mately the same. One fact must be considered, however, if section W-W'
and U;U' are omitted, the continuity of sands parallel to the direction
of progradation is much better (.73-.83) than perpendicular to the
direction of progradation. It seems Tegal to omit these sections,
although they are included so that fluvial, flu?ial-marine, and pro-

delta sands have the same continuity index basis. It can be said that

*Lateral Continuity Index
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Fig. 69. Location of _
] sections used 1-?%\

for determina- X s - <
tion of*continuity s, f-\\§ ‘70
indexes. \‘ N
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within the channel complex itself, continuity is better parallel than

perpendicular to the direction of progradation. Perpendicular to
progradational direction, fluvial continuity is hampered by clay
drape deposits, channel filled clay plugs and overbank silts, énd
clays. Parallel to progradational direction these continuity bound-
aries, although present, tend to be masked by downdip meander system
migration resulting in more continuous point bar accumulations.

‘ MaximUm;verticai continuity index of fluvial sands for the De 1a
Gringa system is shown in Fig. 70. Maximum continuities (1.0) occur
toward the edge of the f]uviéT system and 1ess,distinct1y toward the

" center. Combination of the sand isopach maps'(Fig. 48) and V.C.I. map
(Fig. 70) for the fluvial system indicates that the thickest continuous
sands are near the center of the system where vertical continuities
vange from .5-.8 to 1.0 and thickness reach 20 plus feet. Vertical
discontinuities toward the center of the system are undoubtedly caused

~ mainly by clay drape deposits and cider incorporated flood plain silts
and clays.

Fluvial-marine. Lateral continuity indexes associated with the

De 1a Gringa f]uviai-marine environment are shown in Tables XIX and XX.
Location of cross-sections used for determination of these indexes are
the same as those used for the De la Gringa fluvial index and are
shown on Fig. 69. (It should be noted that the cross-sections are not
redrawn in detail as they are simply cross-sections, or combinations
of cross-sections, discussed previously). Maximum continuity associa-

ted with fluvial-marine sediments, as shown in Tables XIX and XX, is
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essentially 1.0 both paraliel and perpendiculér to the De l1a Gringa
system, and as was shown in previous stratigraphic discussion, much
more continuous than the overlying fluvial or underlying prodelta
sands. |
Combination of the sand isopach map (Fig. 50) and the V.C.I. map
(Fig. 71) for the fluvial-marine system indicates that the thickest,
most continuous sands of the fluvial-marine environment are near the
axis of deposition. Thicknesses range 20-25 feet while vertical con-
tinuity indexes range from .5-.8 to .6-.9 to 1.0. Vertical discontin-
uities in fluvial-marine sediments are caused by silts and clays in-
corporated by marine wave action of adjacent (or nearby) sources or
© contributed directly by distributary input.

| Prodelta. Because the prodelta environment is so compiex strati-
graphically with numerous discontinuous sand bodies an aVerage as well
as maximum and minimum continuity were calculated (see Tables XXI and
XXII). Although maximum continuity is slightly greater parallel than
perpendich1ar to the direction of progradation (.65 vs. .59), average
continuity perpendicular to the direction of progradation is about
twice as good as that parallel (.30 vs .17). This is important, es-
pecially if attempting primary, secondary, or tertiary recovery from
prodelta sands and indicates that the sands are more continuous parallel
than perpendicular to the depositional strike.

Because the sands of the prodelta unit are relatively thin,

numerous, and of approximately the same thickness, the vertical con-

tinuity index was treated sohewhat differently than in previously de-
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scribed fluvial and fluvial-marine environments. = Instead of contour-
ing V.C.I. data from each well, an average vertical continuity based

on data from 173 drill holes was calculated. This avoids producing a
complex, low information contour map showing the vertical continuity
index. The average vertical continuity of the prodelta sands of the

De 1a Gringa system is .57. This combined with an average max imum
vertical thickness of 5.4 feet and an average minimum vertical thick-
ness of 3.1 feet demonstrates very nicely the thin discontinuous nature
of these sands in a vertical sequence.

In summary, the most continuous sand unit of the De la Gringa
system is the fluvial-marine sand (lower member of the upper unit).
This unit has a lateral continuity index of 1.0 both parallel and
perpendicular to the direction of progradation, while fluvial sands
have an index of approximately .8 parallel and .5 perpendicular to
progradatiqn and prodelta sands a low .3 index perpendicular to pro-
'gradation and .17 parallel. Vertical continuity indexes of the fluvial
aﬁd fluvial-marine environment are similar and range .5-1.0. Average
vertical continuity of fluvial sands is .84 compared to .8 for fluvial-
marine sands. Both are better than the thin sands of the prodelta
environment which have an average overall vertical continuity index
of .57.

It is obvious that the f]uvia1-marine sands by virtue of being the
most continuous sand present, having a high vertical continuity index,
being clean and well sorted and adjacent to potential high-organic

source beds, make the best oil and gas reservoirs in the delta system.

R . o .
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(Basal transgressive sands are not considered since they are not part
of the delta progradation system, are unique to specific instances of
geologic time, and are not typica? of many delta reservoir systems).
The problem, as is well illustrated in previous stratigraphic and
depositiohal discussions, is that these sands are genetically assoc-
jated with only one progradational system and cannot be traced into
other earlier systems - a problem critically overlooked by workers
dealing with generalized models who speak of "sheet sands" occupying
several hundred square miles of the delta framework. Even in systems
such as the Mississippi River delta (which is probably geo1ogica11y
anomalous) it is suggested that more concise correlations and delinea-
tion of depositional environments would produce a more complicated.
environmental package and less continuous sand bodies than have been
previously suggested. |
SOUTHERN SYSTEM

Stratigraphic:continuities in the Southern system were done by
environment as in'the De la Gringa system with the exception of the
fluvial-marine environment which is highly eroded and truncated and
does not present an applfcab]e model for continuity measurements.
Likewise, continuity measurements were omitted for channel 2 because
of lack of close control data across the northern part of the channel.
Because the Southern system is a more updip sequence than the De 1a
Gringa system and channels are consequently thicker aﬁd juxtaposed
laterally, the lateral: continuity index (L.C.I1.) was somewhat modified

(see Table XXIII). The procedure for determining L.C.I. for the two
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sections perpendicular to the direction of progradation was as follows:
(a) a maximum possible continuity for sands in the channel was deter-
mined (based on channel width); (b) a maximum continuous sand within
the channel confines was measured as well as a minimum continuous sand;
(c) sand bodies not included in (b) were measured and an average was
taken to determine the average continuity; (d) the average continuity
of the channel sands was determined by dividing C/A (i.e. average
continuity/maximum possible continuity). Locatiqn of sections for
continuity measurement is shows in Fig. 72. |

" Fluvial. Lateral continuity of the fluvial sands of the Southern
system as determined from sections D-D' and Z-Z' (perpendicular to
progradatiohal direction) are shown in Table XXIII. Continuities are
fairly low. (ranging from 142 to .6) with the average continuity of the
sands in the channel system being about f48. This is similar to
channel sands of the De la Gringa system as would be expected for a

.'éontinuity index in a similar depositional environment.

Data points for a measure of continuity para11e1 to the direction
of progradation in the Southern system are not plentiful. However,
section W-W' shows both channel 3 and channel 1 parallel to the direc-
tion of progradation whjle section X-X' shows channels 2 and 3 in 2
parallel sequence. Although 1imits of the channel boundaries in a
para11e1'section are not shown, continuity is good (approximately 1.0)
with sands‘being'continumus throughout the length of section - this is
especially true for basal channel sands. In the Southern system then,

as in the De la Gringa system, fluvial sands are more continuous
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parallel than perpendicular to the direction of progradation.

Vertical continuity indexes (V.C.I.) were measured in the same
fashion as for the De 1a Gringa system. Because channel sands of the
Southern system are essentially multistory sands (updip vs. downdip
fluvial sands of the De 1a Gringa system), their vertical continuity
indexes are poor. Indexes for channel 2 range from .3-.5 to .51-.6
and are generally better toward the center of the system (see Fig. 73).
As is inherent to this means of measuring continuity, the index is 1.0
at the éhannel boundaries where sands are thin but continuous. Average
vertical continuity based on 65 data points is. .51 which is less than
that for the De la Gringa system.

Verticaj continuity index associated with channel 3 (Fig. 74) is
very low ranging .2-.4 to .41-.6, with occasional areas (near the
channel flanks) reaching 1.0. Average vertical continuity is .48 based
on 42 data points. Channel 3 exemp1ifies probably better than any

,ofher channe1 the vertical discdntinuity associated with floodplain
point bars as discussed by Busch (1974, p. 74, 78;82)..

Data control points for channel 4 are rather limited but do indi-
cate a vertical discontinuity pattern much like that associated with
channels 2 and 3. Continuity inr the bulkvof the fluvial system ranges
from .3-.5 to .51-.7 (see Fig. 75), being slightly better than channels
2 and 3; This is to be expected since channel 4 is the youngest and
does not have an extensively deveioped multistory sand. Average verti-
cal continuity is .61 based on 42 observations.

Fluvial vertical continuity index of all ChanneIS combined (1A,
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2, 3; and 4) is shown in Fig. 76. This map, although rather complex,
does ihdicafe the rather poor vertical continuity of these updip channel
sands as compared to, say, fluvial-marine or downdip channel sands.
Vertical continuity ranges from a minimum of .2-.3 to a maximum of
.51-.7. Average continuity of all channels combined is a Tow A4
(based on 121 observations). Implications of these poor vertical con-
tinuities are obvious in relation to production results, especially
since boundary layers (clays) tend to reduce permeability and porosity
of adjacent sands (see Fuchtbauer, 1967, p. 357).

Prodelta. Continuity of prodelta sands in the Southern system
were calculated similarly to predelta sands of the De Ta Gringa system
(see Table XXIV). As in the De la Gringa system, prodelta sands ére
continuous perpendicular to progradation direction -(.30) than parallel
(,18); Average vertical continuity of the sands is .57 (compared to |
.56 of the De la Gringa system). Average maximum thicknesses: of the
prbdelta sands 5.5 feet and average minimum thicknesses is 2.5 feet.
This also compares nicely with prodelta sands of the De 1a Zringa
system which have.corresponding thicknesses of 5.4 feet and 3.1 feet
respectively.

In summary, continuity indexes, such as those presented here (see
Table XXV) give invaluable insight into reservoir potential of various
sand facies of the delta environment. Such continuity indexes could
undoubtedly be applied to other environments (e.g.:barrier chains,
turbidites, etc.) if detailed correlation data were availabie. Con-

tinuity indexes, although somewhat difficult to apply and subject to
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modification, are a much more meaningful basis for reservoir properties
than are descriptive terms such as "good", "poor", and "fair", etc. In
addition, such indexes reduce large amounts of data to a conveniently
usable number and give concise usable information about predictability
of sand trends in a production area.

Perhaps most importantly, the usage of continuity indexes in this‘
study has undoubtedly pointed out that sand bodies iﬁ delta plain
settings are not as simple as current models suggest. ‘Sands in this
environment are not deposited as widespread sheets or fingers, but
rather as bundies of iéo]ated aqd discontinuous sand wave§ and bars at
the mouths of distributaries and superimposed meander belt units. In-
deed,4carefu1 and detailed work such as that done by Shepard (1960,

p. 68) of the bottom sediments 6f the Mississippi delta distributaries
.do show irregular and discontinuous character of sand deposits in dis-
.tributary environments. Furthermore, correlations in complex delta
environments based on widely spread data are extremé]y sﬁSpect and
unddubtedly account for the generalized stratigraphy shown in S0 many
delta models. It is obvious from this study that corrg]ation, espec-
ially by computer techniques without regard to environment or chrono-
logic development, wog]d result in highly misleading correlations.
From E-log patterns, for example, it is easy to correlate betweén.weils
of the Southern and De la Gringa systems producing nicely continuous
sands which are of course in error. Such correlations not only cross
discontinuous facies boundaries, but also cross time boundaries as well

as the northern and southern systems are of different ages. Granted
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that such problems are much easier to unravel in recent deltas (with
surface expression) than in ancient subsurface deltas, it is hoped

that the detailed correlation and continuity problems exposed in this
study will have an impact on the thinking of those dealing with corre-
lation in delta units, especially to reservoir geologists and engineers
handling the complexities of primary, secondary, and tertiary recovery
operations. It is apparent that the adage "the further apart the data,
the easier the correlation and interpretation" holds true. Hopefully,
the detailed work in this study will serve as é warning against gener-
alizations, especially in COmblex stratigraphic sequences, of which the

delta environment is probably the epitome.
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RELATIONSHIP OF THE RIO GRANDE DELTA
T0 ANCIENT DELTA MODELS

In the previohs discussion of stratigraphy, depositional environ-
ments, and aspects of reservoir continuity, references here ﬁade to
numerous analogs of the Rio Grande system. The majority of these com-
parable delta systems were, however, recent (i.e. Holocene) in nature.
The exceptions being the comparisons of the Rid Grande to deltas stud-
ied by Shannon and Dahl (1971, Pennsylvanian), Potter (1963, late
Paleozoic), Swain (1964, Mississippian), and Fisher gg_gl_(1969,
Eocene-Wilcox).

The elongate-lobate constructive nature of the Rio Grande delta
makes it similar to many ancient deltas in depositional process; al-
though naturally such parameters as thickness, tectonic influenée,
basin shape, etc., differ. |

Because of the shallow water nature of the Rio Grande delta it
is especially comparéb]e td other shelf delta systems such as those
so common to the late Pennsylvanian-early Permian. The shallow water
model discussed previously in relation to Malone's (1971) work ‘is
directly applicable to Conemaugh (Pgnnsylvanian) deltas of the Appala-
chian basin as of course is the Rio Grande mdde1 (see Fig. 62). The
late Paleozoic deltas of the I1linois basin as discussed by Wanless
et al (1970, p. 215-233) are similar to the Rio Grande béing construc-
tive in nature, having channels 20 feet in nature, and commonly being
100-120 féet_in total thickness. In addition the Permo-Pennsylvanian

high constructive elongate to lobate delta systems (Virgil-Wolfcamp)
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of the Eastern shelf in.north-central Texas are simf]arlto the Rio
Grande, especially in relation to individual facies of. the framework
sandstones (see Fischer g;_glg,‘1969, p. 47). Those delta sands of
the Virgil-Wolfcamp Series (Cisco-Bowie Group) exhibit vertical se-

~ quences composed upward of constructional delta front sheets and
distributary mouth bars, and 50 foot thick distributary channel facies.
Fluvial channel deposits, which prograded over the'upper delta plain
and occupy-many previous distributary channels, are difficult to
differentiate from distributary channel deposits, especially in the
subsurface. E-log charactériétics of the Cisco sandstones are shown
ianig. 77 for comparison to those previously illustrated for the Rio
Grande delta. Most (but not all) E-log patterns are applicable to the
Rio Grande depositiona]'environments.i'Limestone-bounded stratigraphic
'units common to the cyc]e; of the Cisco-Bowie facies are of course
lacking in the modern Rio Grande system.

Pennsylvanian clastics in Oklahoma and Kansas are compafab]e to
the Rio Gran&e delta in regards to depositional environments, although
the thickness and tectonic style are different. Busch {1953) in his
classic study, clearly demonstrated the distributary nafure of the
Booch Sandstone of eastern Oklahoma (McAlester Fm.) and compared it to
modern deltas. The Booch delté shows an upward gradation from prodelta
mudstonés into a complex body of prograding distributary mouth bars and
channels called bar-finger sands (Fisk, 1961). Visher et al. (1975)
studied the Coffeyville Format (Pennsylvanian) of Northern Oklahoma,

which they considered an epeiric sea delta forming on the Central
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Oklahoma platform. Thickness of the delta (100-120 feet) and deposi-
tional environments (channel sandstone, natural levee and crevasse
splay, marsh and bay, and prodelta depositionaliunits) are similar to
those discussed for the Rio Grande.

A comparison of the Holocene Rio Grande delta to ancient delta
systems is a lengthy process and for that reason a comparison table
(Table AXVII) has been added to give some insight to the relationship
of ancieﬁt deltas (not previously discussed) to the modern Rio Grande
couﬁterpart. It is hoped that the similarities between the Rio Grande
delta and ancient analogues, éspecially in the asbect of reservoir

continuity, will prove fruitful in future exploration attempts.
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CONCLUSIONS

The discussion of the physiography, subsurface stratigraphy, en-
vironments of deposition, history of delta growth, delta type, and
stratigraphic indexes of continuity associated with the Holocene Rio |
Grande delta can be summarized as follows:

(1) Age relationships of distributaries of the deltaic plain

- indicate the presence of three subdeltas since ear1y Holocene. C-14
data from 5 core holes verify the age differences of the De 1a Gringa
system (5000 B.P.) and the Sduthern system (7000 B.P.)

(2) Three major stratigraphic units, a) upper, b) lower, and c)
basal, are defined from subsurface cbrrelation of the De la Gringa
subdelta while four definable stratigrapﬁic units, d) upper group;

e) middle, f) lower, and g) basal units afe present in the Southern
system. : *

é) The upper unit contains an upper and Tower sand member;
the upper sand member which is 15-20 feet thick intergrades with
silts and clays both laterally and vertically and is discontinuous
both parallel and perpendicular to the direction of progradation.
The lower sand member is 20-25 feet thick and is the host contin- -
vous sand stratigraphically defined within tﬁe study area, al-
though it too intefgrades with silts and clays both laterally and
vertically. A

b) The lower unit is dominantly silts, clays, and silty
clays with thin, discontinuous and imbricating sand members which

are best defined as sheet or pOds.'
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c) The lowermost unit of the De 1a Gringa system is the
basal unit which is predominantly sand with interbedded silts and‘- 
clays at the base. | | |
d) The upper group of the Soufhérh system is complex strati-
graphically and contains four distinct units which overlie, onlap,
and truncate one another in a relative chronological sense. Sands
within these stratigraphic units occur as distinct bundles usually l
more continuous at the base and separated vertically by silts and
“clays. | |
e) The middle unit of the Southern system is characterized
by a thin (10-15 foot) sand member which is truncated and eroded
by overlying units of the upper group.
_f) The lower unit of the Southern system is much like that
of the De la Gringa system gnd'contains 3-5 foot sands that are
discontinuous both veftica]]y and laterally and are best described
as imbricated pods and lenses.
g) The basal unit which underlies the Southern system is
similar to thét discussed in relation to the De la Gringa system,
(3)' Major environments of deposition of the De la Gringa system
include: a) fluvial, b) fluvial-marine, c) prodelta, which contains
bay-distributary mouth, and d) nearshore open-marine. Although the
stratigraphy of the Southern system is more complex, envirbnments of
deposition are essentially the same and include: e) fluvial, f) fluvial-
marine, g) prodelta, and h) nearshore-open marine.

a) The fluvial environment of the De la Gringa system in-
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cludes brackish marsh, interdiétributary bay, natural levee, |
splay and. distributary channel sands (poiht bar), all of which
are stratigraphically associated with the upper sand member of
the ubper unit. Sediments of the brackish marsh and channel fill
are mottled sibty clays and clay. Foraminifera, including

Bisaccium imbricatum are present, as are ostracods such as Cypri-

dopsis vidua, Candona lactea, Candona marchia, and Perissocyther-

jdea brachyforma. Charaphytes are common. Sediments of the

natural levee are silty clay to sandy silt. Beqding is massive
to parallel wfth extensive mottling which may be caused by root-
lets. Foraminifera, ostracods, and charaphytes are lacking in
this environment. The sand member which characterizes the upper
part of the upper unit and intergrades.lateraily and vertically
with the brackish marsh and levee is crqss-bedded, fines upward,
and has clay gall conglomerates at the base, indicating its |
agsqciation with a meandering distributary channel.

Sand percent associated with the fluvial system ranges from
0 (near the channel boundary) to 60 percent (in areas of point bar
deposition) and averages 30-40 percent. Isopach mapping indicates
that the thickest sands (20-25 feet) are associated with point bar
deposition,

Permeability of these fluvial sands decreases upward from 5
to 1 darcy, while porosity decréases upward from 25 to 5 percent.

Petrographically, sands of the fluvial environment are typi- -

cally moderately well sorted (.5-.79) fine grained lithic arkoses
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and feldspathic litharenites.

b) The fluvial-marine environment is stratigraphically asso-
ciated with the lower sand of the upper unit. 'Sediment.type is
horizontally bedded, well-sorted sand with minor cfoss-bedding.

Ostracods present in silts and clays within this interval are

typical of a fluvial-marine sequence and include Cypridopsis vidua,

“Candona marchia, Perrisocytheridea brachyforma and Candona lactea.

Thié sand member is the most continuous defined unit stratigraphi-
| caily and is associated with diétributary mouth bar deposition and
- subsequent marine reworkfhg. '

Sand percent ranges from 0 at the edge of the unit to 60-80
percent at the axis of the fluvial-marine wedge. Sand thickne#s |
increases from 0-5 feet at the_margins of the sand body to a maxi;
mum of 25 feet at the center.

Permeability of sands in the unit increase upward from 1 to
5 darcys. Porosity increases upward from aBout 10 to 30 percent;

Typically sand from the fluvial-marine environment is moder-
ately well sorted (.5-.7p) fine grained lithic arkoses (dominant)

‘and feldspathic 1litharenites.

c) The prodelta environment and associated bay-distributary
mouth environment occur stratigraphically in the lower unit. Bay-'
distributary mouth sediments are clays with interbedded sands.
Various types of bedding including horizontal, rippled, massive,
and contorted are present, Mottling is also present, perhaps in-

dicating the influence of burrowing organisms. Foraminifera
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indicative of this bay-distributary mouth environment include

Palmerinella palmerae diminuta and P. gardenislandisis. Ostracod

associations such as Candona lactea, Limnocythere santiparticii,

and Perissocytheridea bicelliforma indicative of fluvial-marine

to prodelta environments are present. |

. Prodelta sediment which stratigraphically occupies the lower-
most interval of the lower unit are clays and silty clays with
horizontal and massive bedding. Foraminifera are absent although

ostracods such as Perissocytheridea brachyforma and Limnocythere

santipatricii occur rarely.

Textural aspects of sands within this Tower unit are sparse
but do indicate that the sands are only moderately sorted and
contain 40-60 percent "less than 0.062 mm". Permeability ranges
.5-1.5 darcys while porosity ranges 10-20 percent. Petrographi-
cal]y‘thése sands are moderately poorly sorted (1.6-2.2p) sub-
angular to subrounded very fine grained lithic arkoses. Sand

| percent ranges from 0-5 at the margins of the prodeita environﬁent
to .25-30 pertént at the center of the depositional unit.

Origin of the imbricated discontinuous sand members within
this Tower unit are probably cimilar to lower bar slope deposits
discussed by Shannon and Dahl (1971, p. 1203) or to discontinuous
sands formed by erosion of sediment from mouth bars by marine
action (Swann, 1964, p. 643). A third alternative possibility
for the formation of the sands is that they were eroded by marine

wave action from the older Southern system and deposited to the
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north before progradation'of the De 1a Gringa system.

d) Nearshore open marine. Sands within this environment are

véry well sorted, cross-bedded to horizontally laminated and con-
" tain é1ay galls. Foraminifera in silts and clays at the base of

this sand include Florilus atlanticus and Fursenkoina pontoni;

ostracods occur very rarely. This sand which corresponds to the
basal unit stratigraphically is 1nterpre£ed as a destructional |
‘phase (transgressive) sand.

e) The upper group of the Southern system contains four
stratigraphic units which are interpreted as fldvial in origin.
These units onlap and truncate one another in such a fashion that
they can be dated relatively (with the aid of surface expressipn).
Sands within these fluvial units are moderately sorted and fine
upward nicely. Cross-bedding predominates although some horizon-
tal bedding occurs néar the top of these sands. Percent "less
than 0.062 mm" increases ubward sporadically from about 20 to 50
percent. Permeability decreases upward from approximately 5
darcys to aboht 500 millidarcys; porosity decreases from 30 per-
cent to 10-15 percent. These fluvial sands are overlain by flood-
plain and interdistributary bay silts and clays which show massive
and mottled bedding.

| Sand percent of these channels ranges 40-80 percent near the
axis and averages about 60 percent. Isopach thickness of the
channels is variable; channels 2 and 3 have maximum thicknesses

of about 35-40 feet while channel 4 has maximum point bar thick-
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ness of about 25 feet. Maximum thicknesses are found in the
channel axis or in the vicinity of point bar deposits. |
Petrographically, sands from these fiuvial units are typi-
cally moderately well sorted (.5-.70) fine grained lithic arkoses
and feldspathic litharenites. |
f) Fluvial-marine sands occupy the middle unit stratigraphi-
cally in the Southern system. Data on these sands are sparse as
they are penetrated in only one core. Data that is available
indicate that these sands are moderately sorted and contain about
40 percent "less than 0,062 mn". Permeability is about 1 darcy
whi1e‘poro§ity is close to 15 percent. Si]ts and clays within'
" this unit show contorted and massive bedding while sands aré

cross-bedded. Ostracods associated with this fluvial-marine en-

vironment include Candona lactea (dominant), Cyprideis torosa,

Candona obtusa,'and Cypridopsis vidua. Sands of this unit are

not as continuous.as those of the fluvial-marine environment of

" the De la Gringa system and are eroded by the overlying fluvial |
sands. |

g) Prodelta sediments of the lower unit (Southern system)

are similar to that discussed for the De la Gringa sysfem'and
éonsist of thin, discontinuous sands, and sandy silts surrounded
by silts and clays. Sand percent of the prodelta system ranges
from 10-15 percent at the margins to 25-30 percent toward the
center where a source of sediment {nflux was greater. |

h) The basal unit of the Southern system consists of sands
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similar to those underlying the De la Gringa system (destructive

phase-transgressive). |

(8) Lithofacies mapping of the entire sediment package associated
with the 2 delta distributaries indicate that c1éyey sand, silty sand,
and sandy silt dominate the sediment pattern and define véry nicely
the channel systems.

(5) Clay mineralogy is dominantly montmorillonite with minor
amounts of kaolinite and iilite. The clay mineralogy does not vary
with either stratigraphic position or depositional environment re- |
flecting perhaps the source'aféa contribution to the deltaic environ-
ments. ‘

(6) Heavy mineralogy is dominated by basaltic hornblende and
pyroxene a]though 14 other species are present.  Five heavy mineral
suites are present and indicate that sediment to the delta area was
contrﬁbhted; by a) mafic and ultramafic igneous, b) metamorphic, c)
siliceous and intermediate igneous, d) volcanic, and e) reworked sedi-
mentary rocks of the complex provenance area.

(7) The De 15 Gringa and Southern system developed as two separate
events. The progradation of the Southern system with subsequent channel
shifting and erosion of underlying fluvial-marine sediment occurred
approximately 7000 years B.P. Abandonment of this system and erosion
of its northern flank took pléce before progradation and 6nlap of the
De 1a Gringa system to the north (5000 B.P.) |

(8) Both the De la Gringa and the Southern systemrdevelnpedmdur-f

ing the post-Pleistocene sea ievel rise. During the early sea level
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stage (10,200-9400 B.P.) the Rio Grande entrenched valley was drowned
and an estuary existed in the area now occupied by the delta plain.

It was during this period of rapidly rising sea level that the basal
transgressive sand was probably formed through reworking and destruc-
tion of previously deposited fluvial sediment. From 9400 B.P. to

3600 B.P. sea level continued to rise (except for a minor 10 foot re- -
gression at 7800 B.P.) until it reached its present level 5060-3600
B.P. During this interval, both the De la Gringa and Southern system
maintained their deltas seaward of the present shoreline. Fairbridge :
(1958, 1961) cites 4 périods since 6000 B.P. when sea level has been
higher than present which could- account for the rather "high-standing"
delta plain which is concurrently being transgressed.

(9) Initiation of the delta model in the downslope sequence be-
gins with the (1) deposition of isolated sand elements on the prodelta
and delta slope. - (2) Next is the deposition 6f distributary mouth bar
sands and submarine 1evé1 depbsits. This is followed by (3) the pro-
gradation of subaerial levee deposits and the beginning of excavation
by fluvial processes into the underlying fluvial-marine sands. With
further progradation, the principal activity is (4) the initiation of.
meander processes with the subsequent erosion of underlying and adja-
cent marine levee units. Occurring simul;aneously with the beginning
of meander processes is the (5) lateral accretion of point bar deposits
and the buildup of marsh and subaerial levees. As progradation contin-
ues, (6) the meander system develops wider loobs and deeper erosion of

distributary bar sands and levee deposits occur. Splay deposits begin
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forming on the outside of meander outbanks. The fiﬁal stage is the
development of a wide muitiple meander belt with cut-offs and clay
plugs. |
(10) In relation to general delta models, the Rio Grande is best

described'as an elongate-lobate constructiVe delta with characteristics

“similar to both. An ancient analog is the 1owér Wilcox (Eocene) of the
Gulf Coast Tertiary. | i

(11} Continuity indexes (both lateral and vertical) for all en-

vironments point out strikingjy the &iscqntinuous nature of the sands | ',
associated with the fluvia]-deﬁtaic-prode1ta enVironhent. Maximum
continuities of fluvial sands in the downdip direction are better
parallel (.83) to progradational direction than perpendicular (.49).
In the updip direction where fluvial sands are thicker, average max imum
continuity parallel to progradational direction approaches 1.0 while
perpendicular it ranges .43-.55. Continuity of fluvial-marine sands

' (where not eroded by overlying fluvial deposits) is good and aﬂproaches
1.0 both paraliel and perpendicular to the direction of progradation.
Lateral cbntinuity of prodelta sands is better bara]]el to depositional’
strike than perpendicular to it (.17). Average maximum vertical con-
tinuity is best for fluvial-marine sands (.84) and somewhat lower fof
fluvial sands (.75 in the downdip direction and .53 in the updip direc-
tion). Average maximum vertical continuities for prodelta sands aré
.56. The product of vertical continuity (X) average sand thickness in-
dicates that in the vertical sense the fluvial-marine enviromment is the -

best reservoir (17.0), the fluvial environment fairly good (1.0), and
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the prodelta sands poor (2.0). The numbers, of codrse, are only
relative, but do quantitatively describe reservoir priorities in a’
vertical sense. |

It is hoped that the usage of continﬁity indexes, a1though diffi-
cult to apply and subject to modification, have pointed out that such |
indexes: a) give insight into reservoir potential of various sand
facies in the deltaic environment, b).are more meanjngfu] to use for .
reservoir properties than are descriptive terms suﬁh as "good", "fair®,
"poor", efc.,, ¢) reduce large amounts of data to conveniently usable
numbers and give conciée information about the predictability of sand
trends in a particular area, and d) could be applied to otheﬁ environ-
ments (e.g. barrier chains, turbidites, shallow marine sands, etc.).
Perhaps most importantly, continuity indexes in this study have un-
doubtedly pointed out that sand bodies in delta plain settings are not
as simple as current generalized models suggest and hopefully will have
an impact on the thiﬁking of those dealing with correlation and con-

tinuity problems in the deltaic environment.
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APPENDIX 1

1. .DISCUSSION OF FORAMINIFERA DATA

Although foraminifera were mentioned in the discussion of environ-
mental aspects, it is felt that some further consideration of the
microfauna is not only appropriate but necessary. The following
summary of foraminifera species is taken from Harrison (1972, p. 26-
80). Ms, Harrison worked on the foraminifera from the Rio Grande
cores as part of her Masters thesis research which was completed in .
1972. Her thesis cdntainslan'exce11ent and detailed discussion of
all foram species present. Her section dealing with systematic pa]eon-
tology includes 2 diagnosis, description, discussion, and occurfeﬁce
of each speCies. For purposes of this study, it was felt that reitera-
tion of her work dealing with "pure systematics", i.e. diagnosis, de-
scription, and discussioﬁ, was not necessary. It was felt, however,
that a summary of the occurrence of the species would be helpful as
'the main emphasis of this study is paleocological rather than "paleo-
toiogica]".

One note of discussion is necessary here before continuing with a
summary of Harrison's work. Harrison (1972, p. 19) defines an environ- .
ment Which she indicates as bay-sound, based primarily on the small -
population of Pzlmerinella species. She also goes on to say (p. 16)
that "it is obvious that the distribution of benthonic foraminifera of
the Gulf of Mexico cannot be generalized from depth data from any one '
locality or from environments described by such biased and nebulous

terms as "bay" or "sound". Generalizations would be better based on
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salinity and turbidity considerations." Harrison points out that the
palmerinella species "are known to indicate less than full marine
salinity environments (Saunders, 1957; Akers, 1952; Lankford, 1959;
Phleger, 1955). The greater their abundance, the greater the fluvial

influence." In addition, Palmerinella gardenislandensis is found in

abundance in the fluvial-marine environment of the Mississippi delta
" and is considered diagnostic of the fluvial-marine environment (Lank-
ford and Shepard, 1960, p. 416). In addition to Palmerinella, open

"ocean species Elphidium qunteri, Ammonia sobrina, and Discorbis tepida

occur in the "bay" environment reflecting periods of low fluvial dis-
charge approaching prode]ta conditions.

For the above reasons, Harrison's terminology has been changed
from bay-sound to bay-distributary mouth. It is felt that this termi-

_nology retains the fluvial influence while being consfstant with
strat1graph1c and env1ronmental interpretations. Perhaps terminology
s "less than full marine" or "fluvially-influenced bay- -prodelta”
would be more appropriate descriptively although they are not used
because of their.cumbersome and awkward nature.

The following discussion of occurrence of foraminifera species is
summarized after Harrison (1972) and is included here for the reader's
convenience. Those wishing & more detailed analysis should consult
the original work (Harrison, 1972).

Ammonia sobrina (Shupack)

This species is common in all foraminifera facies of the Rio

Grande. Parker et al. (1953) reported the frequencies of the speéies

R . . . . . ‘
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in San Antonio Bay as 30-50 percent in the bay, 30 percent in beach
 samples, andh10 percent in the open Gulf. Post (1951) reported the
species in all facies. It was abundant in all but the open gulf facies
where it occurred rarely. Lankford (1959) found it most abundant in -
the bay and sound environment in the eastern Mississippi deita area.

Bisaccium imbricatum (Anderson)

This species is diagnostic of the brackish marsh subfacies of the .

fluvial environment. Anderson'(1961) reported Bisaccium imbricatum

from tidal creeks and shallow bays of South and Southeast Pass of the
Mississippi delta. warren'(1956) reported it at low frequencies in
saline marsh environments only. ‘

Brizalina lowmani (Phleger)

This species occurs in the bay-distributary mouth environments at
Tow freduencies. In the Rockport area of Southeastern Texas, Parker
et al. (1953).report its otcurrence in most open marine samp1e§,and at
- several bay stations.

Buliminella elegantissima (d'Orbigny, 1839)

In the Rio Grande, this species occurs in nearshore, open marine
facies. In the Rockport area of southeast Texas, it occurred at most
open marine stations at low frequencies (Parker et al., 1953).

Criboelphidium discoidale (d'Orbigny, 1839)

In the Rio Grande, this species occurs rarely in the nearshore-
opén marine environment. The type locality was not given. Forms
similar to those from the Rio Grande have been reported from the Gulf

of Mexico (Bandy, 1954), off the Texas and Louisiana coasts (Parker

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission



247

et al., 1953), and from the Recent of Mexico (Ayala-Castanares, 1963).

Cribroeiphidium kugleri (Cushman and Bronnimann)

In the Rio Grande, this species occurs rarely iﬁ the bay distribu-
tary mouth environment. Todd and Bronnimann (1957) reportéd the species
is common in their Mangrove I zone off the eastern Gulf of Paria along
the western coast of Trinidad. |

Cibroelphidium riograndense n.sp.

This species is common in the bay-distributary mouth environment.
parker et al. (1953) reported this morphologic form confined to bay
areas.

Cribrononion galvestonense (Kornfeld)

This species is common at the top of the bay distributary mouth
environment. Parker EE.El: (1953) reported that this species occurred
rarely in the open marine stations and at most of the bay stations,
wsually at low frequencies. |

" Discorbis tepida‘(Cushman)

In the Rio Grande, this species occurs abundantly in the prode]ta,
bay-distributaryAmouth; and nearshore open marine facies. The type
locality is San Juan Harbor. It has been reported from the Northeast
Gulf of Mexico (Bandy, 1956), the northeast Gulf of Mexico (Phleger
and Parker, 1951), the Mississippi delta area (Phleger, 1954), and off
the Texas and Louisiana coasts (Kornfeld, 1931; Post, 19513 Parker
et al ., 1953; Shenton, 1957; Kane, 1962; Walton, 1960; Warren, 1956;
Anderson, 1961). (For amore complete 1ist see Harr1son, 1972, p. 33).

Elphidium clavatum (Cushman)

This species is common in the bay-distributary mouth and nearshore
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open marine environments. The type locality is the Recént of Spar
Landing, Frenchman's Bay, Maine. This form has been reported from the
Gulf of Mexicc, sometimes as E. incertum.

Elphidium gunteri (Cole)

In the Rio Grande, this species is a common constituent of all
foraminiferal facies. The type locality is the Pliocene Calo-
Osahatchee Marl, Orange City, Florida. (See Harrison, 1972, p.'45,
for complete occurrence Tist.)

Elphidium mexicanum (Kornfeld)

Type locality is Ga1vést§h Island, Texas. This species has been
rebdrted from the northeast Gulf of Mexico (Bandy, 1956) ,- the north-
east Gulf of Mexico (Phleger and Parker, 1951), Heald Bank (Shifflett,
1961), the Mississippi delta area (Phleger, 1954; Phleger, 1955,
Shepard, 1956), off the Texas énd Louisiaﬁa coasts - (Kornfeld, 19313
Parker et al., 1953), off Florida (Bendi and Puri, 1962), and from the

" Recent of Mexico (Ayala-Castanares, 1963).

Elphidium sp. cf. E. articulatum (d'Orbigny)

In the Rio Grénde this species is found only in the bay-distribu-
tary mouth environment.

Elphidium sp. cf. E. incertum (Williamson)

In the Rio Grande this species is common in the bay-distributary
mouth environment, but also occurs in the brackish marsh at very low
frequencies. |

Elphidium sp. cf. E. koeboeense (LeRoy)

In the Rio Grande this species is common in the bayedistributéry
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mouth environment.

The type specimens are from the Miocene of central Sumatra. E.
sp. cf. E. Koeboneese has been reported from the Texas and Louisiana

. coasts by Parker et al. (1953) and the Recent of Mexico by Phleger

and Ewing (1962).

Elphidium sp. cf. E. poeyanum (d Orbigny)

In the Rio Grande, this species is common in the.bay-distributany
mouth env1ronment. |

Elphidium tumidum (Nat1and)

This species occurs rarely in the bay-distributary mouth environ-
ment. The type locality is off Santa Catalina Island, California.
This species has also been reported from the Teias and Louisiana
coasts by Lehmann (1957). |

Florilus atlanticus (Cushman)

| This species occurs only in the nearshore-open mar1ne env1ronment
at low frequencies.
The type locality is off Cape Canaveral, Florida. This species

~ has also been repofted from the Gulf of Mexico (Eandy, 1954), the
northeast Gulf of Mexico (Bandy, 1956; Ludwick and Walton, 1957); the
northwest Gulf of Mexico (Phleger énd Parker, 1951),'the Mississippi
delta area (Phleger, 1954; Phleger, 1955; Shepar& and Lahkford, 1959;
Ahderson, 1961), off the Texas and Louisiana coasts (Kellough, 19563
Walton, 1960; Loep, 1956; Warren, 1956), aﬁd from the P1eistocene‘of'
the Gulf Coast (Akers and Dorman, 1964). It is reported at all open.

marine stations in the Rockport area (Parker et al., 1953).
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Fursenkoina pontoni (Cushman)

In the Rio Grande, this species occurs only in the nearshnre-open
marine environment; a1tnough it is a'diagnostic species, it occurs at
Tow frequencies.

The type locality is the Miocene Oak Grove sand in Oklahoma County,
Florida. In the Rockport area of southwestern Texas, Parker et al.

- (1953) reported that this species occurred at very low frequencies at
most stations in the open Gulf facies. Thislspecies has been reported ;
from the northeast Gulf of Mexico (Ludwick and Walton, 1957), the
northwest Gulf of Mexico (Phleger and Parker, 1951), the Miésissippi
delta area (Phleger, 1954; Phleger, 1955; Shepard, 1956, Shepnrd and
Lankford, 1959), the Texas and Louisiana coasts (Walton, 1960; Warren,
1956; Anderson, 1961), off Florida (Lynts, 1962), from the Pleistocene
of the Gulf Coast (Akers and Dorman, 1964) and from the Recent of
Mexico (Ayala-Castanares, 1963).

| Hanzawai sp..

In the Rio Grande, this species occurs only in the nearshore-open
marine environment. Lankford (1959, p. 2083) considers Hanzawia
strattoni characteristic of open shelf environments.

Nonion parvum n. sp.

In the Rio Grande, this species is a common constituent of bay-
distributary mouth faunas only.

Orbulina universa (d'Orbigny)

~ In the Rio Grande, this species is common in the bay-distributary

mouth environment where it is represented by a single specimen. The
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type locality was not given. This species has been reported from the
northeastern Gulf of Mexico (Bandy, 1956).

Palmerinella gardenislandensis (Akers)

In the Rio Grande, this species occurs only in the bay-distribu-
tary mouth environment wﬁere it is diagnostic. ' |

The type locality is Garden Island Bay, LOuisiana This species
has also been reported from the Mississippi delta hepard 19563
Lankford, 1959; Shepard and Lankford, 1959), and the Pleistocene of
the Gulf Coast (Akeis and Dorman, 1964). In addition, Lankford and
Shepard (1960, p; 416) consider it to be the diagnostic species of
the fluvial-marine association.

Palmerinella palmerae diminuta (Saunders)

In the Rio Grande, this species occurs only in the bay-distribu-
tary mouth environment. The type material was collected north of
Monkey Point, west coast of Trinidad, B.W.I. "in fine black s11t from

- just below low-water mark abcut 20 feet from the outer edge of a man-
grove swamp" (Saunders, 1957). In this joca1ity the water was brackish
and turbid. |

The specimens identified by Parker gg_gl, (1953) as Palmerinella
plamerae occurred at most bay localities usually at low frequencies.
This species was also reported off the Texas and Louisiana coasts by
Lehmann, 1957; Shenton, 1957; and from the Recent of Mexico (Ayala-
Castanares, 1963). |

Protoelphidium matagordanum (Kornfeld):

In the Rio Grande, this species is common from tne bay-distribu-
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tary mouth environment.

The type locality is Matagorda County, Texas. This species has
been reported from the NW Gu1f of Mexico (Phleger and Parker, 1951),
the Mississippi delta area (Phleger, 1954; Phleger, 19535; Shepard,
1956; Shepard and Lankfdrd, 1959), off the Texas and Louisiana coasts
(Kornfeld, 1931; Parker et al., 1953; Kellough, 1956 Lehmann, 1957;v
Kane, 1962; Walton, 1960; Warren, 1956), and off Florida (Benda and
Puni, 1962). Lankford (1959, p. 2078) reported this species from
fluvial-marine and sound environments of the east Mississippi delta
area, with the species being more common in the latter environment.

Rosalina candeiana (d'Orbigny)

This species occurs in the brackish marsh facies in abundance,
end rarely in the bay-distributary mouth environment.

Uvigerina hispidocostata (Cushman and Todd)

In the Rio Grande delta, this species occurs as a single speeimen
in the bay-d1str1butary mouth environment.

The type specimens are from the M1ocene Buff Bay, Jamaica, B.W.I.
Cushman and Todd (1945) 1isted the fo]low1ng localities where specimens
described under other names were found which were judged to be members
of this species: Miocene of Haiti, Ponce Formation (U. Oligocene to
L. Miocene), Puerto Rico, and the Pliocene Charco Azul Formation,
Panama. It has also been reported from the northeast Gulf of Mexico
(Bandy, 1956), the northwest Gulf of Mexico (Phleger and Parker, 1951),
and off the Florida coast (Benda and Puri, 1962).

~ The following plates and descriptions are taken directly from
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H#rrison (1972) and are included here for the reader's convenience

and reference.
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fig. . PLATE 1

la-c Ammonia sobrina (Shupack). 1la, umbilical view of specimen

showing umbilical apertures; umbilical plug with fissures,

and bosses on umbilical terminations of chambers, UCGM 40972,
X80; 1b, side view showing interiomarginal aperture and bosses
at umbilical terminations of chambers, X75; lc, spiral view
showing limbate, elevated sutures throughout, X84. 2, spiral
view of specimen with limbate, elevated sutures in earlier-
formed portion and depressed sutures in later-formed portion,
UCGM 40969, X78. 3, side view showing interiomarginal -aper-
ture, bosses at umbilical chamber terminations of specimen
which is less convex on the umbilical side than the umbilical
side figured in la-c, UCGM 40971, X77. Specimens were colored .
with water soluble ink. p. 37. |

4, 5a-¢ Bisaccium imbricatum Andersen. 4, side view of untouched

transparent specimen, UCGM 40974, X111. b5a, side view of un-
touched specimen showing sutura] and umbilical extensions with
sutural cavities, UCGM 40973, X103; 5b, side‘view of whitened,
colored specimen, emphasizing extension of median,aperturaI
slits onto side of specimen and sutural cévities, X103; 5¢
apertural view of whitened colored specimen showing "hip-pocket-
1ike" openings on median portion of apertural face above ter—
minal chamber extension, X96. p. 74.

6 Brizalina lowmani (Phleger). UCGM 40975, Xf19. Specimen was

colored with water soluble ink. p. 29.
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7a,b Buliminella elegantissima (d'Orbigny). Ta, microspheric test,
i1lustrating pointed initial end, UCGM 40976, X115; 7b, aper-
tural view showing widest portion of aperture toward the
middle, X115. Specimen was colored with water soluble ink.
p. 26.

8a,b Cribroelphidium discoidale (d'Orbigny). 1la, side view, UCGM

40977, X73; 1b, apertural view showing cribrate aperture, X70.
Specimen was colored with water soluble ink. p. 57.

9a,b Cribroelphidium kugleri Cushman and Bronnimann. la, side view

showing prominent septal bars and enlarged termiﬁal chamber;
UCGM 40978, X70, 9b, apertural view, showing area1fpores, X73.
Specimen vas colored with water soluble ink. p. 59.

10a,b;- Cribroelphidium riograndense, n. sp. 10a, apertural view of

15a,b  holotype (UCGM 40979) showing_area] aperture, X71; 10b, side
view of holotype, showing septal bars directed into umbilicus,
.X81. 11, apertural view of paratype (UCGM 40980) showing in-
frequent type aperture of two arcuate rows of areal pores, X106.
12, side view of paratype (UCGM 40981) showing 1imbate elevated
septal bars in earlier-formed portion and umbilically directed
septal bars in later-formed portion, X91. 13, side view of
paratype (UCGM 40989) showing thickened, elevated umbilical
terminations of chambers surrounding single umbilical boss,
X92. 14, side view of paratype (UCGM 40994 ) stiowing 1imbate,
elevated.septal bars, X93. 15a, side view of pgratypé (UCGM.

40998) with limbate elevated septal bar§ and several small
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umbilical bosses, X140; 15b, side view showing arcuate row
of areal pores and basal pores, X153. A1l specimens were

colored with water soluble ink. p. 61.
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figs. | PLATE 2

la,b; 2 Cribrononion galvestonense (Kornfeld). 1a, side view of speci-

men with one large umbilical boss_andklimbate, imperfoate
septal bars, UCGM 40982, X82; 1b, apertural view showing basal
silt and protuberant umbilical plugs, X80. 2, side view of
specimen with several smaller umbilical bosses énd 1imbate,
imperforate septal bars, UCGM 40983, X90. Specimens were
colored with water soluble ink. p. 63. o

3-5  Discorbis tepida (Cushman).v‘3, spiral view, UCGM 40985, X88.

4, umbilical view showing interiomarginal arch, UCGM 40988,
X92. 5, umbilical view showing comma-shaped umbilical aper-
ture, UCGM 40986, X86. Specimens were colored with water
soluble ink. p. 31.

6a,b Elphidium clavatum Cushman. 6a, side view showing one promi-

nent septal bar on last fofméd suture, UCGM 40990, X94; 6b,
apertural view, X89. Specimens were colored with water

- soluble ink. p. 40.

7-8 Elphidium gunteri Cole. 7, side view showing elongate retral
processes and coarse pores, UCGM 40991, X67. 8, apertural
View, showing basal pores, UCGM 40992, X83. Specimens were
colored with water soluble ink. p. 43.

9a,b Elphidium mexicanum (Kornfeld). 92, side view showing numer-

ous small retral processes per suture, UCGM 40993, X68; 9,
apertural view showing basal pores and para11e1 sides, X73.

Specimens were colored with watér soluble ink. p.'45.
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Elphidium sp. cf. E. articulatum (d'Orbigny). 10a, side view
UCGM 40995, X90; 10b, apertural view showing basal low arch,

X80. Specimen was colored with water soluble ink. p. 48.

11, 12 Elphidium sp. cf. E. incertum (Williamson). 11, side view

13a,b

14a,b

" 15a,b

16
17
18a-c

" showing oval pits adjacent to umbilical region, UCGM 40996,

X103; 12, apertural view, showing indistinct row of pores,
UCGM 40997, X129. Specimeﬁs were colored with water soluble
ink. p. 49.

E]phidium sp. cf. E. koeboeense LeRoy. 13a, specimen with de-
pressed area surrounding single large umbilical plug, UCGM
40999, X90; 13b, apertural view, showing basal row of pores
and subacute periphery with protuberant umbilical bosses, X79.
Specimen was colored with water soluble ink. p. 51.

Elphidium sp. cf. E. poeyanum (d'Orbigny). - 14a, side view
showing short retra] processes and high chambers, UC&M 41000,
X82; 14b, apertural view showing basal pores and two areal

pores, X92. Specimen was colored with water soluble ink. L

p. 53,

Elphidium tumidum Natland. 15a, side view, UCGM 41002, X85;

15b, apertural view showing interiomarginal row of pores, X81.
Specimen was colored with water soluble ink. p. 56.

Elphidium translucens Natland. Holotype, USNM 22549, X41.

Elphidium tumidum Natland. Holotype, USNM 22550, X51.

Elphidium poeyanum (d'Orbigny). 18a and 18¢c side views of

topotype materdial showing high chambers and numerous short
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‘retral processes, UCGM 41001, X62; 18b, apertural view, show-

ing double vertical column of areal pores, X56. Specimen is

untouched.
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fig. PLATE 3
la,b  Florilus atlanticus (Cushman) 1a, umbilical view, X87; 1b,

spiral view showing granular material in umbilicus, UCGM
41003, X87. Specimen was colored with water soluble ink.
. 76. . |

2 Fursenkoina pontoni (Cushman). Side view, UCGM 41004, X86.

‘_Specimen was colored with water soluble ink. p. 71. B
3 Hanzawaia? sp. 3a, umbilical view showing limbate sutures,
UCGM 41005, X87.5; 3b, apertural view showing extraumbilical
interiomarginal arch,. X163; 3c, spiral view'showing umbilical
and sutural extensions.and sutural cavities, X85. Specimen
was colored with water soluble ink. p. 77. |

4a,b; Nohion parvim, n. sp. 4a, apertural view of holotype (UCGM

- 5,6 41022) showing basal arch, X128; 4b, side view of holotype,
showing granularAmateriaI in umbilicus. X100. 5, side view |
, of paratype UCGM 4102225howing circular outline of adult and
:granu1ar material in umbilicus, X108. 6, paratype (uceM
41023) showing ovate outline of juvenile, X87.5. Specimens

were co]ored.with water soluble ink. p. 73.

7 Orbulina universa d'Orbigny. UCGM 41008, X92. Specimen waé
colored with water soluble ink. p. 69. | o

8-12 Pa]ﬁerine11a gardenislandensis (Akers). 8, side view, UCGM
41024, X93. 9, side view, UCGM 41025, X89. 10, apertural
view of juvenile with aperture characteristic of Egonidél1a,
'UCGM 41026, X92. 11, apertural view of intermediate form with
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vertiéa] septum seen adjacent to apertural periphery, a1mdst
separated therefrom, UCGM 41028, X108. 12, apertural view of
adult with aperture characteristic of Palmerinella, UCGM 41027,
X73; Specimens have been colored with water soluble ink. p.
34,

13a,b; Palmerinella palmerae Bermudez subsp; diminuta Saunders. 13a,

14 side view showing imperforate umbilical area and coarse pores,
| UCGM 41009, X79; 13b, apertural view showing Palmerinella
‘_ aperture, X82. 14, apertural view of more biconvex specimeﬁ,
UCGM 41028, X52. Specimens were colored with'water soluble
ink. p. 35. o

15-19 | Prote]phidium matagordanum (Kornfeld). 15, Side view‘with'
flush umbilical region, UCGM 41013, X118. 16, umbilical view
showing pustulose skeletal material which obstructs view of
aperture, UCGM 41014, X100 17, side view of specimen which
undergone solution, causing an cpaque test with depressed
Sutures, UCGM 41012, X90. 18a, side view of specimen showing
granular material in umbilicus and along the basal portions
of sutures, UCGM 41015, X87; 18b, apertura]hview showing
horizontal low arch with vertical pillars, X103. 19, holo-
type, LSJU 701, X108. Specimens (excepf holotype) were

| colored with water soluble ink. p. 67.

20-22  Rosalina candeiana d'Orbigny. 20, spiral view, UCGM 41017,

X92. 21, apertural view showing extraumbilical interiomarginal

arch, UCGM 41018, X92. 22, umbilical view showing apertures
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open to the umbilicus and triangular umbilical chamber ter-
minations, UCGM 41016, X92. Specimens were lightly colored
with water soluble ink. p. 33.

23 Uvigerina hispidocostata Cushman and Todd. UCGM 41019, X136.

Specimen was colored with water soluble ink. p. 30.
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II. . DISCUSSION OF OSTRACOD DATA
" Identification and determination of relative abundance of ostra-
cods was dcne by Dr. W. A, Pryor while he was with Gulf Research and
Deve]opment‘Corporation. The following is a suﬁmary of ostracod
occurrences based on the work of Swain (1955) and Curtis (1960). For
an excellent systematic treatment of the ostracods discusséd below,
the reader is referred to Swain (1955). |
The‘ostracoﬂ classification used by Pryor is after Swain (1955,
p. 603). This classification differs at highest taxanomic levels
(Subc1ass,-0rder, Superfamily;'Subfamily, etc)‘from that of Pokorny
(1958) who proposed the first all inclusive effort to classify Recent |
and fossil ostracods (Treatise, 1961, pt Q (3), p. 77).
The classification used here is from Swain (1955, p. 603). The
| changes as indicated in the Treatise are shown by the letter T.
Order Ostracoda Latreile 1802 (Subc]éss Latreille, 1806 T)

Suborder Podocopa Sars, 1866 (Order Podocopida
Porknoy 1753 recte Sars, 1866 T)

Family Cyprididae Baird, 1845

Subfami]ync idinae Baird, 1845
Genus Cyprinotus, Br;dy 1886

Subfamily Cypridopsinae Kaufmann 1900
Genus Cypridopsis

Subfamily Candoninae Kaufmann 1900
Genus Candona Baird, 1845

Family Cxtheridae Baird, 1850

T

Subfamily Limnocytherinae Sars, 1925
(FamiTy Uimnocytheridae Klie, 1938 T)
Genus Limnocythere Brady 1867
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Family Cytherideidae Sars 1925 (T)

Subfamily Cytherideinae Sars, 1925
Genus Cyprideis Jones 1856
Genus Perissocytheridea Stephenson 1938

Subfamily Cytherurinae Muller 1894
Family Cxtﬁeruridee Muller 1894 T
Genus Cytherura Sars, 1866

Family Trachyleberidae (Sy\vester-Bradléy, 1948)

Family Hemicytheridae Puriy 1952 T :
Subfamily Hemicytherinae Puri, 1953
Genus Hemicythere Sars, 1925

Family Paradoxostomatidae Bradiy & Norma, 1859 T
Subfamily Midrocytherinae Klie, 1938 T
Genus Microcythere Muller 1894 -

Swain considers the probiem of classification of Hemicythere and
Microthere, the latter which he assigns to " ytheridae of uncertain
subfamily relationships". He concludes (p. 603) that "it seems im-

probable that the family Trachyieberidae and subfamily Trachyleberinae

. as now formed, would be a satisfactory place for the problematical
genera, and much additional taxanomic study is needed". Reclassifica-
| t{on‘(see above) in the Treatise bears out this prediction.

The following discussion of ostracod occurrences is based primari-
1y on work done by Swain (1955) in the San Antonio Bay, Texas. Because
his work was restricted to bay and shallow delta areas, it is necessary
to indicate his subfacies by salinity to get some idea of the environ-
ment range.where the ostracod species are found. For instance, his
terminology "prodelta" doesn't mean too much when compared with pro-
delta of the Rio Grande as "prodelta" is perhaps 6-8 feet thick and

dominated by fluvial influx of the Guadalupe River. On the other hand
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his "bay" facies has salinities approaching that of the open Gulf

which could be similar to prodelta facies salinity of 1afger deltas.

This is a common problem when trying to extrapolate paleo-ecological

inferences from one area to another. For that rcason, Swain's sub-

facies and chlorinity range in 0/00 are giveh below (Sw:in, 1955,

p. 566), (Table XXVI). |
Cypridopsi vidua

In the Rio Grande delta this species occurs most abundantly in
the fluvial facies (1007100 G.S.)*, present (11/100 G.S.) in the
fluvial marine environment and sparse:(3-10£100 G.S.) in the bay-
distributary mouth environment. |
| Swain (1955, p. 607) reports that the occurrence of fygridogsis
vidua is restricted to the Guadalupe River distributaries and in the
small bay north of the delta. =This species is one of the commonest
fresh water ostracods in NOrth America and Europe and evidently cannot
,wfthstandvmore than a trace of salinity. | -

Candona lactea

This species is abundant in thé fluvial-fluvial marine environ- -
ments (100/100 G.S.) and is sparse (2/100 G.S.) in the prodelta en-
vironment. Swain (p. 608) reports that this species is common in the
upper part and rare in the middle part of the bay. It commonly occurs

where chlorinity range is brackish (1-16 percent). Type species of the

genus (Cypris candida Muller) is typical of fresh to brackish water.

*G.S. = Grams of sediment
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Candona marchia

Candona marchia is common in the Rio Grande at localities similar .

to Candona lactea (fluvial-fluvial marine-bay-distributary mouth).

Swain (p. 609) reports that the species is frequent in the upper part
of San Antonio Bay near the Guadalupe delta.

Candona obtusa

In the Rio Grande, this'species occurs in the fluvial-marine
environment indicating its relationship to fresh and saline environ-
ments. Swain (p. 608) reports occurrence of this species abundénf in
the Guadalupe River, near the mouth of the river, and in the bay.

Cyprideis littoralis

This spécies is present in the'fluv1a1-marine and bay-distributary
mouth environments in “present" amounts (11-20/100 G.S.). Swain (p.

616) reports that Cyprideis littoralis is rare to common.at scattered .

localities in middle and Tower parts of San Antonio Bay. This species
" is commonly found in nearshore or brackish waters in Europe, Asia, and
northern Africa.

Cyprideis locketti

This species occurs in "present" amounts (i1-20/100 G.S.) in two
samples associated with bay-distributary mouth environment. Swain
(p. 615) reports that this species is common to abundant in upper béy-
prodelt& region of the Guadalupe delta. It seems to be absent along
the western side of the bay where the influence of the river is per-
haps significant. Similar non-fluvial conclusions seem applicable in

this study as C. loketti is not present in samples associated with the
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fluvially influenced environments.

Cyprideis torosa

This species occurs in the fluvial marine environment. Swain (p.
617) notes that it is usually an inhabitant of brackish water although
it has been found in quite fresh water, and shallow 1i£tora1 situations
exposed to purely marine influences.

Cyprinotus salinus

This species occurs in the Rio Grande in two samples at present
(11-20/100 G.S.) amounts. Environmentally this species is associated
'with:the flﬁvia]-marine and bay-distributary mouth environments. Swain
(p. 605) indicates that this speciés is found in bfackish Water and is
more rare off the Guadalupe delta.

Cytherura johnsoni

In the Rio Grande, this species occurs iﬁ iwo samples near the top
of the prodelta environmént in present amounts. In the San Antonio bay
area Swain (p. 627) reports that this species is very abundant in San
Antonio bay with‘greatest frequency more toward margins than middle of
the bay. The genera Cytherua occurs worldwide typically in marine and
brackish water. |

Hemilocythere conradi

In the Bio Grande, this species occurs in.two samples in the
f1uvia] marine-bay distributary mouth environment. This species occurs
in "present" amounts 11-20/100 G.S. ’

Swain (p. 635) reports that this species is common to abundant in

the lower bay assemblage (16.5-21 0/00 chlorinity). Worldwide distri-
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bution indicates that the species is found in marine and brackish water.

Limnocythere sant1patr1c11

This species occurs in the Rio Grande most abundant]y in the flu-
vial environments (100/100 G.S.), although it is present (11-20/100 G.
S. ) to abundant (217100 G.S.) in fluvial-marine to bay-distributary
mouth environments. This agrees very well with what Swa1n (p. 614)

reports. Swain indicates that Limnocythere santipatricii is frequent

to abundant in the upper part of San Antonio bay, particularly near
the front of Guadalupe river delta. In samp11ng 11v1ng spec1es Swain

(p. 594) found Limnocythere santibatr1c11 characteristically at the

mouth of the river. They commonly occur worldwide in fresh and brack-
ish water.

Microcythere Johnson1

In the Rio Grande this species occurs in one sample near the base
qf the bay-distributary mouth environment in present amounts (11-20/
100 G.S.). Swain (p. 642) repofts this species as rare to common in
the lower bay (16.5-21 0/00 chlorinity). |

Per1ssocyther1dea brachyforma

In the Rio Grande, this species occurs in all depositional environ-
ments from fluvial te nearshore open marine. Swain (p. 620) indicates |
that this is the most abundant species in the San Antonio bay area and
occurs in all environments (in both liviné and dead assemblages - see
maps p. 590 and 595). Curtis (1960, p. 481, Fig. 7) shows the presence‘
of P. brachyforma in all environments of the southeast Mississippi
delta.
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Perissocytheridea bicelliforma

" Like P. brachyforma this species is common froﬁ fluvial to near-
shore open marine environments although more so in the former where it
ranges from present (21/100 G.S.) to abundant (21-100/100 6.5.). Swain
reports that P. bicelliforma is most common in the marginal bay facies
although the species occurs in all bay facies as well aé near the edge

of the Guadalupe delta (p. 589).
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~ APPENDIX II

GRAIN SIZE CURVES
(Figs. 78-96)

Note: Core 1 = H6-33
Core 2 = H5-90
Core 3 = H5-40
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APPENDIX III

© CLAY MINERAL X-RAY TRACES
~ (Figs. 97-103)
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APPENDIX IX

CLAY MINERAL PERCENTAGES
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