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GEOCHEMISTRY O F  BOTTOM SEDIMENTS--MATAGORDA BAY SYSTEM, TEXAS 

J. H. McGowen, J. R.  Byrne, and B. H. Wilkinson 

ABSTRACT 

Approximately 800 sed imen t  samples  f rom s t r e a m  beds and bay bo t toms  of wa te r  

bodies t h a t  compose  t h e  Matagorda  Bay sys tem w e r e  col lec ted  and analyzed.  Shell- 

sand-mud ra t ios  and t o t a l  organic  carbon con ten t  were  de termined,  and  20 t r a c e  

e l emen t s  were  de t ec t ed .  

In genera l ,  highest concent ra t ions  of t r a c e  e l e m e n t s  co inc ide  with d e e p  areas  of 

wa te r  bodies, a r e a s  of mud accumula t ion ,  and  a r e a s  with high t o t a l  o rgan ic  carbon 

content .  Zirconium, ca lc ium,  s t ront ium,  and  mercu ry  do not  fol low t h e  distr ibut ion 

pa t t e rns  of most  o the r  e lements .  Zirconium (Zr)  i s  concen t r a t ed  in s a n d  loca ted  

chiefly along bay margins and  in  t idal  de l tas ;  high Zr values r e su l t  f rom t h e  physical 

concent ra t ion  of zircons a s  heavy mine ra l  p lacers  assoc ia ted  with s a n d  bodies. 

Calc ium and s t ront ium distr ibut ions coinc ide  wi th  distr ibut ion of shell mater ia l .  

Mercury distr ibut ion i s  r e s t r i c t ed  t o  Lavaca  Bay and no r thwes te rn  Matagorda  Bay. 

When concent ra t ions  of 20 t r a c e  me ta l s  in t h e  Matagorda  Bay sys t em a r e  

compared  with concent ra t ions  of e l emen t s  in t h e  c rus t ,  shale o r  c lay ,  and s e a w a t e r ,  i t  

is found t h a t  (1) Matagorda Bay sediment  conta ins  t r a c e  e l e m e n t s  in abou t  t h e  s a m e  

concent ra t ions  a s  c rus ta l  rocks and sha le  but exhib i t s  concent ra t ions  higher t han  

seawa te r ,  and ( 2 )  only two  e l emen t s ,  boron and mercu ry ,  ident i f ied  within bay-system 

sediment  exhibi ted anomalously high concent ra t ions .  These high concent ra t ions  a r e  

believed t o  resu l t  f r o m  man's ac t iv i t ies  within t h e  Texas  Coas t a l  Zone. 

INTRODUCTION 

The Texas Gulf shorel ine compr ises  approximately 370 miles (595 km) of 

erosional  de l ta ic  headlands, bar r ie r  islands, peninsulas, and one  smal l ,  a c t i v e  oceanic 

de l ta .  Between t h e  barr ier  islands and peninsulas and the  uplands a r e  numerous 

es tuar ies ,  bays, and  lagoons. Larger  w a t e r  bodies--such a s  Trini ty-Galveston,  Mata- 

gorda,  and Corpus  Chr is t i  Bay systems--occupy r iver  valleys t h a t  were  e r o d e d  during 

Pleistocene glacial  episodes. Some of t h e  smal le r  w a t e r  bodies t ha t  a r e  e longate  

paral lel  t o  t h e  Gulf shoreline--such a s  West Bay, East  Matagorda  Bay, Espir i tu Santo 



Bay, and south  Laguna Madre--overlie P le is tocene  dra inage  divides o r  abandoned 

Holocene del tas .  These e longate  w a t e r  bodies originated when a pa r t  of t h e  Gulf of 

Mexico was r e s t r i c t ed  landward of peninsulas and  bar r ie r  islands. 

Estuaries ,  bays, and  lagoons a r e  impor t an t  t o  t h e  people of Texas f o r  r ec rea t ion  

and revenue.  Many uses a r e  m a d e  of Texas  coas t a l  w a t e r s  and t h e  underlying 

subs t r a t e ,  including boating,  spor t  and  commerc ia l  fishing, shrimping, s i t ing  pe t ro l eum 

explorat ion and production p la t forms,  filling wetlands w i t h  dredge  mater ia l ,  and  

disposing chemica l  and solid waste.  

Man's ac t iv i t i e s  within t h e  C o a s t a l  Zone, and  within t h e  dra inage  basin which  

supplies wa te r  and  sediment  t o  t h e  coas t a l  w a t e r  bodies, h a v e  a d i r ec t  a n d  i m m e d i a t e  

e f f e c t  upon t h e  physical,  chemica l ,  and  biological c h a r a c t e r  of es tuar ies ,  bays, a n d  

lagoons. Some of man's ac t iv i t ies  a r e  r e f l ec t ed  in t h e  bay  sediment  a n d  a s soc ia t ed  

t r a c e  meta ls .  

Objec t ives  of this  s tudy a re :  (1) t o  m a p  sed imen t  distr ibut ion within t h e  

Matagorda Bay sys t em;  ( 2 )  t o  r e l a t e  sediment  t y p e  t o  ba thymet ry ,  a r e a s  of s e d i m e n t  

input ,  and processes opera t ing  within t h e  bay; (3) t o  de t e rmine  t h e  distr ibut ion a n d  

concent ra t ion  of organic carbon and t r a c e  me ta l s ;  (4) t o  establ ish t h e  relat ionships 

among  organic  carbon,  t r a c e  meta ls ,  and  sed imen t  type;  and  (5) t o  de l inea t e  a r e a s  of  

anomalously high t r ace -me ta l  concent ra t ion .  High t r ace -me ta l  concent ra t ion  should  

ind ica t e  was t e s  in t roduced into t h e  bay  sys t em by man. Because of toxici ty it is 

impor t an t  t o  know t h e  e x t e n t  and concent ra t ion  of c r i t i ca l  heavy me ta l s ,  such  as 

mercury .  

Matagorda  Bay was se l ec t ed  fo r  t h i s  s tudy  because  i t  i s  a bay sys t em t h a t  h a s  

been  less influenced by man's ac t iv i t ies .  Consequently,  s ed imen t  and t r ace -me ta l  dis- 

t r ibut ion  de termined f rom th is  s tudy provides a base  line f o r  subsequent  compara t ive  

studies. This is t h e  second p a r t  of a two-part  s tudy  made  by t h e  Bureau of Economic  

Geology in cooperat ion wi th  t h e  Gene ra l  Land Off ice .  The  f i r s t  s tudy (McGowen a n d  

Brewton, 1975) documented  direct ion and  r a t e  of change of Gulf and mainland sho re -  

l ines and presented  some  ideas  on probable causes  of shorel ine erosion. Sampling of 

bay bot tom sediment  was  conducted  be tween J u n e  1972 a n d  June 1973. C h e m i c a l  

ana lyses  were  m a d e  f rom 1972 t o  1973, and de terminat ion  of mud-and-shell r a t i o  of 

sediment  samples  was m a d e  f rom 1973 t o  1974. 



TEXAS COASTAL WATERS: GENERAL STATEMENT 

Texas  bays, es tuar ies ,  and  lagoons a r e  s epa ra t ed  from t h e  Gulf of Mexico by a 

sys tem of barr ier  islands and peninsulas. Larger  bays  and e s tua r i e s  occur  along t h e  

c e n t r a l  and upper pa r t s  of t h e  Texas C o a s t a l  Zone; s i z e  of bays  general ly decreases  

along t h e  lower coas t .  The present  s ize of bays was predetermined t o  a l a rge  degree  b y  

t h e  s i z e  of P le is tocene  r ivers  which e roded  valleys now occupied by bays and estuaries .  

Shoreline erosion, which has occurred  s ince  t h e  sea reached i t s  present  level,  h a s  

en larged  t h e  bays. 

Sediment  is deposi ted in bays, es tuar ies ,  and lagoons by r ive r s  t h a t  discharge at  

t h e  heads  of bays, by eroding mainland shorel ines,  and  by t h e  Gulf of Mexico through 

t ida l  in le ts  (mostly under normal  s e a  condit ions)  and ac ros s  barr ier  islands and 

peninsulas during s torms.  Type of s ed imen t  de l ivered  t o  t h e  Coas t a l  Zone by Texas 

s t r e a m s  i s  de termined by c l i m a t e  and sou rce  .area. Identif iable sediment  deposi ted i n  

bays, es tuar ies ,  and  lagoons f r o m  t h e  Gulf of Mexico is mostly sand,  shel l ,  and rock 

f r a g m e n t s  e roded f r o m  the  inner  shelf ,  shoreface ,  and  beaches  by tropical  s to rms  and 

hurricanes. 

Rainfal l  dec reases  f rom east t o  wes t  across  t h e  state, and t e m p e r a t u r e  and  

evapora t ion  inc rease  f rom east t o  west.  These c l ima t i c  condit ions a r e  r e f l e c t e d  in (1) 

vegeta t ion  cover (dense in t h e  east and spa r se  in  t h e  west);  ( 2 )  t h e  t y p e  of f luvial  

sys tems t h a t  t r ave r se  t h e  C o a s t a l  Plain (continuously flowing sinuous s t r e a m s  in t h e  

e a s t ,  and straight-to-sinuous flashy s t r e a m s  t o  t h e  west) ;  and (3 )  sediment  del ivered to 

t h e  bays, es tuar ies ,  and lagoons (s t reams in t h e  east a r e  cha rac t e r i zed  by  a high 

suspension-loadlbed-load ra t io ,  whereas  s t r e a m s  in  t h e  west  have  a high bed-load/ 

suspension-load ratio).  

Texture  of bay, es tuary ,  and lagoon sediment  i s  general ly (1) coa r ses t  a t  r iver  

mouths,  along bay margins where  erosion of P le is tocene  depos i t s  is prevalent ,  nea r  

t ida l  inlets ,  and ad jacen t  t o  barr ier  is lands and peninsulas; and  (2) f inest  in t h e  d e e p  

bay-center  a reas .  The r e l a t ive  proportion of mud (fine-grained sed imen t )  t o  sand 

(coarse-grained sediment)  is g rea t e s t  in t h e  bays of t h e  upper Texas  coast  a n d  least  i n  

t h e  bays and lagoons of t h e  lower coas t ;  th is  is ch ief ly  a ref lec t ion  of decreas ing  

rainfal l  f rom eas t  t o  west  ac ros s  t h e  s t a t e .  

When all Texas  bays, es tuar ies ,  and  lagoons a r e  considered,  non-terrigenous 

sediment  composes a n  insignif icant  pa r t  of t h e  fill. Non-terrigenous depos i t s  occur i n  

shell beaches ,  spi ts ,  and  berms s i t ua t ed  a long bay margins and i n  oyster  r ee f s .  Oyster  

r ee f s  w e r e  numerous in t h e  a r e a  just wes t  of t h e  Colorado River  de l t a  s y s t e m  on t h e  



east and Copano Bay on t h e  west .  Bays in this  a r e a  a r e  typi f ied  by sa l in i ty  t h a t  r a n g e s  

f rom a lmost  f r e sh  t o  mar ine .  Salinity varies  d i rec t ly  with t h e  volume of f resh-water  

inflow. 

Some bay-mar gin deposits a r e  cha rac t e r i zed  by high shell content .  T h e s e  

deposi ts  were  reworked by wave and cu r ren t  ac t iv i ty  and a r e  representa t ive  of s low 

sed imen t  accumula t ion  r a t e s  and/or  high r a t e s  of biological productivi ty.  Oyster  r e e f s  

a r e  commonly f lanked by she l l  debris ,  and oys ter  shel l  sp i t s  develop downcurrent  f r o m  

s o m e  ree f s  and  headlands. 

Depths of bays range  f rom abou t  2 t o  16 f e e t  (0.6 t o  5 m). The la rger  bays a r e  

t h e  deepes t .  Depths of bays a r e  main ta ined  by wave  ac t iv i ty ,  which resuspends m u c h  

of t h e  f ine sediment ,  and by removal  of f ine  sediment  f r o m  the  bays  through t i da l  

inlets .  O the r  processes t h a t  aid in dep th  ma in tenance  a r e  compact ion  of r ecen t  bay  

muds and subsidence r e l a t e d  t o  t ec ton ic s ,  compact ion  of older  sediments ,  and man ' s  

act ivi t ies .  

MATAGORDA BAY AREA: GENERAL SETTING 

The Matagorda Bay s tudy a r e a  includes de l t a i c  headlands, peninsulas, b a r r i e r  

islands, la rge  bays and es tuar ies ,  and gently seaward-sloping uplands t h a t  t e r m i n a t e  at 

t h e  mainland shoreline. Matagorda Bay sys t em and i t s  environs include p a r t s  of 

Matagorda,  Calhoun, Victoria, and Jackson Coun t i e s  (fig. 1). Size of t h e  a r e a  is 
2 2 approximate ly  2,000 squa re  miles (5,200 km )--1,470 squa re  miles (3,822 km ) of - 

uplands, 455 square  miles  (1,183 k r n L )  of bays and  es tuar ies ,  and  7 5  s q u a r e  miles (195 
2 krn ) of peninsulas, bar r ie r  islands, and  t idal  d e l t a s  ( ~ c ~ o w e n  and Brewton,  1975). 

Physiographic e l e m e n t s  t h a t  cons t i t u t e  t h e  a r e a  a r e  Matagorda Peninsula a n d  

Matagorda Island; P le is tocene  uplands; r ivers  and  small  s t r eams  t h a t  dissect t h e  

uplands and de l t a s  a t  t h e  mouths of these  s t r eams ;  and  bays whose average  a n d  

maximum depths  a r e  approximate ly  6 and 14 f e e t  (2.7 and 4.3 m), respect ively.  Most  

of t h e  bay sys t em t h a t  l ies  wes t  of t h e  Colorado River  d e l t a  i s  cha rac t e r i zed  by w a t e r  

bodies t h a t  a r e  e longate  approximate ly  perpendicular  t o  t h e  Gulf shoreline. T h e s e  

w a t e r  bodies (estuaries)  occupy drowned r iver  valleys; s m a l l  t o  m o d e r a t e  s t r e a m s  

discharge a t  t h e  heads of most  of t hem.  The northeast-southwest  e l o n g a t e  s egmen t  of 

t h e  sys tem developed within a Pleistocene drainage-divide a r e a ,  ch ief ly  through t h e  

wes tward  acc re t ion  of Matagorda Peninsula. The  e longate  northeast-southwest  b a y  

segmen t ,  which includes a l l  of East  Matagorda  Bay and pa r t  of west  Matagorda Bay, is 

in  e f f e c t  a shal low lagoon. 



Figure 1. Locali ty m a p  of t h e  Matagorda Bay a rea .  

Several  r ivers  and c reeks  discharge water  and  sediment  i n t o  the  Matagorda  Bay 

system. Larger  s t r eams ,  such  as t h e  Colorado and Lavaca  R ive r s  and G a r c i t a s  Creek ,  

have cons t ruc ted  de l t a s  a long bay margins. The Colorado R ive r  de l ta ,  t h e  largest  of 

t h e  de l tas ,  has prograded across  Matagorda  Bay. 

C l ima te  of t h e  Matagorda Bay a r e a  is humid subtropical  (U. S. Depa r tmen t  of 

Commerce ,  1958 t o  1969). Rainfal l  and  t e m p e r a t u r e  (fig. 2) a r e  almost  identical  a t  

four  wea the r  s t a t ions  in t h e  vicinity of Matagorda  Bay. Rainfa l l  dis tr ibut ion graphs 

show t w o  peaks,  o n e  in June  and one in Sep tember ,  t h a t  co inc ide  with thunders torm 

and hurricane occurrences ,  respect ively.  

Wind d a t a  co l lec ted  at t h e  Victoria wea the r  s ta t ion  show su r face  winds t o  b e  

chiefly onshore (fig. 3). Prevailing winds f o r  t h e  per iod  1951 t o  1960 w e r e  f rom t h e  

south-southeast ,  whereas  s t ronges t  winds during t h e  s a m e  period w e r e  f rom t h e  

northwest .  

Hurricanes and  t ropica l  s torms a r e  na tura l ly  occurr ing  phenomena of t h e  

At lant ic ,  Car ibbean,  and Gulf Coas t  a reas .  Hurr icanes  a r e  s t o r m s  of t rop ica l  origin 
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Figure 2. Temperature and rainfall distribution for  Bay Ci ty ,  Port Lavaca,  Palacios, 
and Port O'Connor. (A) Mean monthly temperature ,  (B) Mean monthly precipitation. 
(See U.S. Department of Commerce,  Climatological Summary, Bay Ci ty ,  1943- 1961, 
and from Environmental Science Services Administration, U.S. Department of 
Commerce,  Palacios, 194 1-1968; Port  Lavaca, 1947-1968; and  Port O'Connor, 1948- 
1969.) 

Figure 3. Percentage 
frequency of surf ace  
wind direction (annual). 
Da ta  from Victoria 
Weather Station (U.S. 
Department of Com- 
merce ,  Local Climato- 
logical Data,  Victoria, 
Texas, 1958- 1969). 
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with cyclonic circulation of 74 mph (119 km/h) or higher ( ~ u n n  and Miller, 1964). 

Hurricanes str ike the  Texas coast  on t h e  average of once every two  years (Hayes, 

1965, 1967). These s torms str ike most frequently during August and September. 

Effects  of hurricanes on coastal environments have been discussed by Price (19561, 

Hayes (1965, 19671, Behrens (1969), Scot t  and o thers  (19691, Andrews (1 9701, McGowen 

and others (1970), Brown and others (1974), and McGowen and  Scott (1975). The role  

played by tropical  st or ms and hurricanes is significant in sediment transport and 

deposition with respect t o  t h e  Matagorda Bay system. Depending upon t h e  location of 



a s to rm cen te r ,  sed iment  m a y  b e  t ranspor ted  f r o m  t h e  Gulf shoreface ,  beach ,  and  

barr ier  islands in to  t h e  es tuar ies ,  bays, and  lagoons; o r  s ed imen t  may be  t ranspor ted  

f rom t h e s e  wa te r  bodies seaward  through t ida l  in le ts  and s to rm channe l s  during 

hurricane approach,  landfal l ,  and  passage inland. Some  hurr icanes  a r e  accompanied  b y  

heavy ra in  t h a t  floods la rge  a r e a s  of c o a s t a l  lowlands. Under t h e s e  f lood condit ions 

r ivers  t ranspor t  l a rge  volumes of wa te r  and  sediment  t o  e s tua r i e s  and  bays. 

In t h e  nor thern  Gulf of Mexico t i des  a r e  ch ief ly  diurnal (one high a n d  one low 

w a t e r  leve l  e a c h  t i da l  day). Tidal range  is low. The  mean  diurnal  range i s  1.7 f e e t  (0.5 

m )  at F reepor t  Harbor and 1.4 f e e t  (0.4 m )  a t  Pass Caval lo  (u.S. Depa r tmen t  of 

Commerce ,  1973). Tidal c u r r e n t s  a r e  a n  impor t an t  sand-transport ing mechanism i n  

t ida l  pass a reas .  Within t h e  bay sys t em as t ronomical  t i des  play a minor role i n  

s ed imen t  t ranspor t .  The wind gene ra t e s  waves (commonly 2 t o  3 foot  10.6 t o  0.9 m ] )  

t h a t  suspend bo t tom sed imen t  t h a t  m a y  then  b e  t ranspor ted  by wind-generated 

currents .  

MATAGORDA BAY SYSTEM 

Matagorda Bay sys tem comprises numerous l a r g e  and sma l l  water  bodies. These  

a r e ,  f r o m  e a s t  t o  wes t ,  (1) Eas t  Matagorda  Bay, ( 2 )  Lake Austin,  (3) Matagorda  Bay, 

(4) Oys te r  Lake, ( 5 )  Tres Palacios Bay, (6) ,Tur t le  Bay, (7 )  Carancahua  Bay, (8) Kel le r  

Bay, ( 9 )  Cox Bay, (10) Lavaca  Bay, (11) Powderhorn Lake,  and  (12) Espiritu Santo  Bay 

(fig. 4). Water and  sediment  a r e  supplied t o  t h e  Matagorda  Bay system through sma l l  

t o  l a rge  s t reams.  These a r e  f r o m  eas t  t o  wes t ,  (1) Boggy Bayou, ( 2 )  Live O a k  Bayou, 

(3) Peyton  Creek ,  (4) Big Boggy Creek ,  (5) Colorado River ,  (6) West Branch of t h e  

Colorado River ,  ( 7 )  Tres  Palacios Creek ,  (8) Cashs  Creek ,  (9) T u r t l e  C r e e k ,  (10) R e e d  

Creek ,  (11) Ca rancahua  C r e e k ,  (12) Kel le r  Creek ,  (13) Lavaca  River ,  (14) Garc i t a s  

Creek ,  (15) P lacedo Creek ,  (16) Choco la t e  Bay, and (17) Coloma Creek  (fig. 4). 

Bathymetry  

Bathymetry  of the  Matagorda  Bay sys tem was  de termined from t h e  following 

National  Ocean ic  and  Atmospher ic  Administrat ion (NOAA) Naut ica l  Char ts :  No. 889- 

SC (sca le  1:40,000); No. 889 (sca le  1:40,000); No. 11315 (scale 1:40,000); a n d  No. 1284 

(scale 1:80,000). Soundings depic ted  on t h e s e  naut ica l  cha r t s  r ep resen t  d e p t h s  a t  m e a n  

low wa te r .  

East  Matagorda  Bay r anges  from a f e w  inches t o  more  t h a n  4 f e e t  (1.2 m)  deep.  

Shoal a r e a s  a r e  l oca t ed  ad jacen t  t o  Brown Ceda r  Cut, a n  a c t i v e  t idal  i n l e t  (P ie ty ,  



Figure 4. Major wa te r  bodies and associa ted  cont r ibutory  s t r e a m s ,  Matagorda  Bay a r e a .  

1972), and nea r  t h e  Colorado River  where  bay sediment  represents  t h e  subaqueous 

extension of t h e  Colorado River  de l t a .  The deepes t  p a r t  of t h e  bay  assumes a n  

e longa te  t r end  t h a t  paral lels  t h e  long axis  of t h e  w a t e r  body. 

The wes t  p a r t  of Matagorda Bay includes a la rge  w a t e r  body t h a t  ex tends  f r o m  

t h e  Colorado River  de l t a  westward t o  t h e  Por t  O'Connor - Powderhorn Lake a rea .  I t  

is bound on t h e  south by t h e  Matagorda  Peninsula, and t o  t h e  west ,  no r th ,  and east, 

dominantly,  by Ple is tocene  uplands. Water  depths  range  f rom a f e w  inches to 

approximately 14 f e e t  (4 m). Most of t h e  bay i s  approximate ly  10 f e e t  (3 m)  deep .  

Extensive shoal-water a r e a s  a r e  l oca t ed  west of t h e  Colorado River de l t a ;  a s m a l l e r  

shallow-water a r e a  is s i t ua t ed  a t  Palacios Point.  

Small t r ibutary  bays a r e  shallow at bay heads  and deepen  genera l ly  toward bay  

mouths.  Carancahua  Bay is shallow at i t s  mouth  (2  t o  4 f e e t ,  o r  0.6 t o  1.2 m) b e c a u s e  

of sediment  accumula t ion  through longshore d r i f t  processes. Maximum depths  of 

Tur t l e  and Carancahua  Bays a r e  abou t  4 f e e t  (1.2 m), whereas  t h e  maximum d e p t h  of 

Tres  Palacios Bay i s  m o r e  than  6 f e e t  (1.8 m). 



Maximum dep th  of Lavaca  Bay is approximate ly  8 f e e t  (2.4 m).  Water i s  

somewha t  more  shallow be tween  Matagorda  and Lavaca  Bays because of sp i t  elonga- 

tion. Chocola te  and  Kel le r  Bays a r e  t r i bu ta ry  t o  Lavaca  Bay and have  maximum 

depths  of approximately 2 and  4 f e e t  (0.6 t o  1.2 m),  respect ively.  

The eas t e rn  pa r t  of Espir i tu Santo Bay is included in t h e  s tudy  of t h e  Matagorda  

Bay sys tem.  Extensive shoal a r e a s  t o  t h e  west  of Pass Caval lo  a r e  representa t ive  of 

t he  subaqueous extension of t h e  flood t i da l  del ta .  To t h e  west  of t h e  t idal  de l t a ,  w a t e r  

depth  increases  t o  about  8 f e e t  (2.4 m). 

Water  and Sediment  Sources  

Water  and sediment  a r e  supplied t o  t h e  Matagorda  Bay sys t em th rough  na tura l  

and man-made t i da l  inlets ,  s to rm channels ,  major  a n d  minor s t r e a m s  t h a t  t r ave r se  t h e  

uplands, and runoff f rom t h e  uplands. Sediment  is also supplied by erosion of mainland 

shorelines. Water  is exchanged be tween t h e  bay sys tem a n d  t h e  Gulf of Mexico 

through Brown C e d a r  C u t ,  t h e  lower 1.5 miles  (0.93 km) of t h e  Colorado River;  

infrequently through Greens  Bayou; Matagorda  Ship Channel;  a n d  Pass Cava l lo  (fig. 4). 

Brown C e d a r  C u t ,  t h e  only t i da l  inlet  for  East Matagorda  Bay, has  a maximum dep th  

of abou t  8 f e e t  (2.4 m); i t  rapidly dec reases  in depth  seaward  a n d  bayward (Mason a n d  

Sorensen, 1971; P ie ty ,  1972). Greens  Bayou i s  a s t o r m  channel  t h a t  is only open when 

hurricanes make  landfal l  in t h e  immedia t e  a rea ;  i t  funct ions as an  in l e t  f o r  a f e w  

months  following passage of a s to rm.  Matagorda  Ship Channel  has  a mainta ined  d e p t h  

of 36  feet (11 m). Because i t  i s  je t t ied,  virtually no sand is t ranspor ted  f r o m  t h e  Gulf 

of Mexico into t h e  bay through i t .  The volume of w a t e r  exchanged be tween  the  Gulf 

of Mexico and t h e  Matagorda  Bay sys t em through Pass  Cavallo h a s  grea t ly  dec reased  

s ince  t h e  dredging of Matagorda Ship Channel  (Harwood, 1973). The n e t  r e su l t  of t h e  

dec rease  is t h e  shoaling of Pass Cavallo,  which is now approximate ly  9 t o  3 0  f e e t  (2.7 

t o  9 m)  deep.  

FIELD PROCEDURES 

More than  800 bottom-sediment  s amples  were  col lec ted  f r o m  the  Matagorda  Bay 
3 sys tem using a 1-cubic-foot (0.03 m ) clam-shell sampler .  Samples w e r e  taken on  

approximately 1-mile (1.6 km) c e n t e r s  bo th  in t h e  bays and for  up t o  20 mi les  (32.2 km) 

inland along navigable s t r e a m s  t h a t  d ischarge  into t h e  bays. Bottom-sediment  samples  

were  col lec ted  fo r  t ex tu ra l  analyses, de t e rmina t ion  of t o t a l  organic carbon,  a n d  

semiquan t i t a t i ve  analyses for  t r a c e  e lements .  



Proposed sample  loca t ions  w e r e  p lo t ted  on navigat ion cha r t s  and  topographic  

maps.  Actua l  locat ion of e a c h  s a m p l e  s ta t ion  was  de t e rmined  by resec t ion ,  using 

e i the r  a brunton compass or  a s ex tan t .  Within la rge  w a t e r  bodies, such a s  w e s t  

Matagorda Bay, where  t h e  shorel ine could not be  seen  f r o m  t h e  bay c e n t e r ,  s a m p l e  

loca t ions  were  e s t i m a t e d  by s t ee r ing  a given compass  heading, at cons t an t  speed, f o r  a 

spec i f ic  number of minutes. 

Approximately 140 cub ic  inches (2,293 cm5)  of s ed imen t  were  p l aced  in a p l a s t i c  

bag  t o  be analyzed  for  de termining  (1) shell-sand-mud ra t io ,  (2) t r a c e  e l emen t  c o n t e n t ,  

and  (3) pe rcen tage  of t o t a l  organic  carbon.  The remainder  of the  s a m p l e  was pas sed  

through a 2-mm sc reen  t o  re ta in  molluscs; samples  were  no t  t r e a t e d  w i t h  formal in  to  

preserve  t h e  s o f t  par t s  of t h e  live molluscs. 

LABORATORY PROCEDURES 

A t  t h e  Bureau's sedimenta t ion  labora tory ,  samples w e r e  split  for  de t e rmina t ion  

of (1) t o t a l  organic  carbon,  (2) t r a c e  m e t a l  con ten t ,  and  (3) shell-sand-mud ra t io .  

To ta l  organic  carbon percentage  f o r  each  s a m p l e  was de termined by t h e  Bureau's 

minera l  s tudies laboratory;  t r a c e  m e t a l  geochemis t ry  w a s  per formed by t h e  U.S. 

Geological  Survey a t  Denver,  Color ado. 

Sediment  Analysis 

The procedure  for  de termining  t h e  shell-sand;mud r a t i o  for  Modern s e d i m e n t  

f rom t h e  Matagorda  Bay sys tem was adap ted  f r o m  Folk (1974). Each bulk sample w a s  

weighed dry,  t h e n  immersed  in a calgon solution and disaggregated wi th  a mechanica l  

mixer. Next  t h e  sample  was  wet-sieved through U.S. S tandard  Sieve Mesh Nos. 20  

(0.25 $) and 230 (4.0 @). Materials  re ta ined  on t h e  20- and 230-mesh s i eves  were  t h e n  

designated shel l  and sand f rac t ions ,  respectively. Sediment  t h a t  passed through t h e  

230-mesh s i eve  was col lec ted  in t h e  pan and represented  t h e  mud f r a c t i o n  (less t h a n  

4.0 $). The respect ive  f rac t ions  b0 .25  $, >4.0 $, and <4.0 $) were  t h e n  dried and  

weighed,  and t h e  shell-sand-mud r a t i o  was  ca lcula ted .  Sand t h a t  was re ta ined  on  t h e  

230-mesh s ieve  was t r e a t e d  with concen t r a t ed  hydrochloric  acid (HCL)  t o  r e m o v e  

ca lcareous  shel l  mater ia l .  The remaining sed imen t  represented  t o t a l  p e r c e n t a g e  

te r r igenous  sand. Weight of shell r e t a ined  on t h e  20-mesh s i eve  was added  t o  we igh t  

of shel l  m a t e r i a l  re ta ined  on  t h e  230-mesh s i eve  t o  der ive  t h e  t o t a l  pe rcen tage  of 

shell.  



Several  samples,  exhibi t ing t h e  full spec t rum of shell-sand-mud rat ios of 

Matagorda  Bay sys t em deposi ts ,  were  subjec ted  t o  comple t e  grain-size analysis.  T h e  

bulk sample  was dried,  weighed, immersed  in calgon solution, t hen  disaggregated as 

described above. T h e  sample  was  then  wet-sieved through a n e s t  of 35-, 50-, and 230- 

mesh s ieves  (1.0 +, 1.75 I$, and 4.0 $, respect ively) .  Sediment  re ta ined  on e a c h  of t h e s e  

sc reens  was  then  dr ied  and weighed. Sediment  t h a t  passed through t h e  230-mesh s i e v e  

was t ransfer red  t o  a 1,000-ml cylinder and  dispersed. Hydrometer  ana lyses  were  

per formed a s  outl ined in t e s t  method TEX-110-E (Texas Highway Depar tmen t ,  1962). 

Grain s i ze  d i ame te r s  and pe rcen tages  were  then  p lo t ted  on semi logar i thmic  paper and  

an accumula t ive  cu rve  was p lo t ted  f rom t h e  da ta .  

T r a c e  Meta l  Determinat ion  

Bottom samples  f rom t h e  Matagorda  Bay s y s t e m  were analyzed  for  30 e l emen t s  

using a Direc t -Current  A r c  Spark Emission Spect rograph (Grimes and Marranzino, 

1968). This s emiquan t i t a t i ve  method is designed for  geochemical  reconnaissance work. 

Mercury con ten t  was  de termined by t h e  mercury  vapor d e t e c t o r  me thod  (Vaughn, 

1967). 

Sediment  samples  were  s e n t  t o  Dr. C. W.  Holmes,  U.S. Geological Survey at 

Corpus Christ i ,  for  de terminat ion  of t r a c e  m e t a l  content .  These samples  w e r e  

subsequently s e n t  t o  Denver,  Colorado,  where  they  were  processed using t h e  six-step 

semiquant i ta t ive  spec t rographic  method.  The  whole sediment  sample was  a i r  dr ied ,  

sieved through a n  80-mesh (2.5 $) sc reen ,  spl i t ,  and pulverized. Ten m g  of t h e  

prepared sample  w e r e  mixed wi th  20 m g  of graphi te ,  t hen  burned t o  comple t ion  using 

12 amperes .  Wavelengths of t h e  conta ined  e l e m e n t s  were  recorded on f i lm ,  which was  

then compared  wi th  s tandard  f i lms  for  t r a c e  e l e m e n t  de terminat ion .  

Through semiquan t i t a t i ve  spec t rographic  analyses,  20 o u t  of a possible 3 0  

e l emen t s  t h a t  could be  de l imi ted  by th is  process w e r e  found in quant i t ies  suf f ic ien t  f o r  

the i r  de tec t ion .  Limits  of de tec t ion  a r e  given in t a b l e  1 ( tab le  modified f r o m  Grimes  

and Marranzino, 1968). 

Determinat ion  of Organic  Carbon by Wet Combustion 

Most of t h e  sediment  in t h e  Matagorda Bay sys t em conta ins  remains of 

organisms (plant o r  an imal)  t h a t  accumula t ed  with t h e  sediment .  Much of t h i s  organic  

ma te r i a l  is no longer recognizable  and o c c u r s  in t h e  sediment  a s  disseminated products  

of decomposit ion of t issue or  ske le ta l  mater ia l .  Because  of t h e  na tu re  and  s i z e  of t h e  



Table 1. Limits of analytical determination: 
20 elements in Matagorda Bay system sediment 

(lower and upper limits ppm) 

Element Lower l imit Upper limit 

Boron 10 2,000 
Barium 5 5,000 

Beryllium 1 * 1,000 

Calcium 500 200,000 
Cobalt 5 2,000 

Chromium 5 5,000 
Copper 2 20,000 
Iron 500 200,000 
Lanthanum 20 1,000 

Magnesium 200 100,000 

Manganese 10 5,000 

Niobium 10" 2,000 
Nickel 2 5,000 
Lead 10 20,000 
Strontium 50 5,000 
Titanium 10 10,000 
Vanadium 10 10,000 
Yttrium 10" 200 

Zirconium 20 1,000 

*Limit of lower range of detection is reached by beryllium, niobium, and yttrium. 

Table 2. Relative composition of animal and plant tissue 
(after Gross, 1971 1. 

Soft tissues 
Carbon Nitrogen Phosphorus Hard tissues 

Phytoplankton 100 16 1.7 Opal(diatoms) 
CaC03 (coccolithophores) 

Zooplankton 100 16 2.4 Chitin 
Phosphate (apatite) 

Bacteria 100 18 5.5 

Molluscs 100 21 1.5 CaC03 

Fish 100 23 3.8 Phosphate (apatite) 

Mammals 100 18 8.9 

Angiosperms 100 6 0.5 
, 



carbonaceous  ma te r i a l ,  i t  is physically impossible t o  s e p a r a t e  i t  f rom t h e  sediment .  

As a consequence,  most  knowledge about  abundance  and composit ion of disseminated 

organic  m a t t e r  is derived f r o m  chemical  analyses (Gross, 1971). 

Organic m a t t e r  conta ined  in Matagorda  Bay sys t em depos i t s  is assumed t o  b e  

r ep resen ta t ive  of t issue or ske le ta l  debris.  Tissue and decomposit ion products  a r e  

ch ief ly  carbonaceous  compounds. Skele ta l  remains  include carbonates ,  silica, o r  

phosphate compounds (Gross, 197 1). Elementa l  composit ion of some organisms i s  

shown in t ab l e  2. 

Carbon,  t h e  most  abundant  e l emen t ,  cons t i t u t e s  about  half of p lant  and  animal  

t issue on an  a sh - f r ee  basis. Organic carbon analyses  provide t h e  most sensi t ive and  

rel iable test for  abundance of biogenic ma te r i a l  in sediment .  Sulfur is a cons t i tuent  of 

ce r t a in  organic compounds, but  i t s  abundance  in s ed imen t s  is n o t  a useful indicator  of 

organic  m a t t e r  (Gross, 197 1). 

In addition t o  carbon,  ni t rogen,  and phosphorus, organic  m a t t e r  comprises a 

complex of compounds with high molecular  weights  such as lipids, carbohydra tes ,  

proteins,  pigments ,  and lignins. Matagorda  Bay s y s t e m  sediment  was not analyzed fo r  

these  compounds because of t h e  highly special ized techniques and equipment  such  

analysis requires. 

Each  sed imen t  sample  was  split  and air-dried at room t e m p e r a t u r e ,  t h e n  ground 

until  i t  was  f ine  enough t o  pass through a 140-mesh (3.25 I$) sieve.  Analyses for t o t a l  

organic  carbon w e r e  de termined f rom whole sediment  samples;  s i z e  f rac t ionat ion  was  

not performed in t h e  laboratory.  The wet-combustion method (Jackson,  1958; Gross, 

1971) was  used t o  de t e rmine  organic carbon c o n t e n t  of Matagorda  Bay sys tem 

sediment .  The method shown in t ab l e  3 is used by Larry  McGonagle, chemis t ,  Mineral 

Studies Labora tory ,  Bureau of Economic Geology. 

SEDIMENT DISTRIBUTION 

Bot tom sed imen t  of t h e  Matagorda Bay sys t em comprises  six s ed imen t  classes: 

(1) shell,  (2) sand,  (3) mud, (4) muddy sand,  (5) sandy mud, and  (6) muddy shelly sand 

(fig. 5). This sediment  is derived f r o m  severa l  sources such  a s  major  s t reams,  

shorel ine erosion,  t h e  Gulf of Mexico notably during tropical  s torms,  and biological 

ac t iv i ty  within t h e  bay complex  (Byrne, 1975; McGowen and Brewton,  1975; McGowen 

and o thers ,  1976a, 197613; Wilkinson and Byrne, 1977; Wilkinson and  McGowen, 1977). 

Shell deposi ts  accompany oys ter  r e e f s  (reef f lanks  deposits),  occur in some  t ida l  

inlets  (such a s  be tween  Matagorda  and Carancahua  Bays), and occupy some  bay-margin 

a r e a s  where  oys t e r  clumps have  been t ranspor ted  onshore (fig. 6). Shell deposi ts  as 



Table 3. Procedure to determine organic carbon by wet combustion. 

1. Place 2.0 grams air-dried sample (140 mesh) into a 300-ml 
Erlenmeyer Flask. 

2. Add 10 ml of 1 normal K2Cr207 solution to each flask. Add 
10 ml of 1 normal K2Cr207 to an empty flask for use as 
a control. Add 20 ml of Ag2S04 solution in concentrated H2S04 
(use fume hood) to each flask, including the control. 

3. Heat each flask to 1 5 0 ' ~  within 1 minute. 

4. Dilute each flask to 150 ml with distilled water. 

5. Transfer to a 250-ml centrifuge tube and centrifuge for 10minutes 
at 2.200 rpm and return supernatant liquid to original 300-ml 
Erlenmeyer Flask. 

6. Add to each flask (a) 10 ml of 85 percent H3P04 
(b) 0.2 gram NaF 
(c) 5 drops of diphenylamine indicator 

7. Back titrate with 1 normal FeS04 in dilute H2S04; beyond the 
blue to green end point. 

8. Calculate with the formula 

ml FeS04 (control) - ml FeS04 (sample) 0.3 
% organic carbon = 

weight of  sample 

Reagents* 

1. Potassium dichromate (1 normal): Dissolve 49.04 grams reagent 
grade K2Cr207 in distilled water and dilute to 1 liter. 

2. Sulfuric acid - silver sulfate solution: Add 25 grams reagent-grade 
Ag2S04 per liter of concentrated H2SO4. 

3. Ferrous sulfate - sulfuric acid solution: Dissolve 278.0 grams of 
reagent-grade FeS04.7H20 in water and add 15ml of concentrated 
H2SO4 and dilute to 1 liter. 

4. Diphenylamine indicator: Dissolve 0.5 gram of diphenylamine 
indicator in 100 ml of concentrated H2S04 and pour carefully 
into 20 ml of cold distilled water. 

*See Gross, 1971, p. 589. 



TRIANGULAR DIAGRAM SHOWING 
SHELL/SAND/MUD RATIO 
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Figure 5. Sediment  t ex tu ra l  classes. 

shown on this  m a p  consist most ly  of va lves  of Cras sos t r ea  virginica; s ize  r a n g e  of she l l  

is approximate ly  2.0 mm t o  20 cm.  

Sand a s  depic ted  in f igure  6 consists  of both  te r r igenous  c l a s t i c  ma te r i a l  

(predominantly qua r t z )  and shel l  debris.  Terr igenous c las t ic  and  shell s a n d  range in  

d i ame te r  f rom 0.06 mm t o  2.0 mm. The te r r igenous  c l a s t i c  f rac t ion  f a l l s  a lmos t  

en t i re ly  within t h e  very f ine  and  fine sand sizes. Sand is found chiefly in bay  margins 

and t ida l  inlets ;  i t  a ccumula t e s  in  t h e  shal low bay a r e a s  and in t h e  high physical  ene rgy  

environments.  Sand along t h e  bay side of Matagorda  Peninsula was e roded  from t h e  

inner  shelf and sho re face  during hurr icanes  and was  t ranspor ted  f rom t h e  Gulf of 

Mexico through s to rm channels  in to  bay  margin a reas .  Sand i s  also t ranspor ted  f r o m  
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Figure 6. Sediment distribution map. 



t h e  Gulf of Mexico into Matagorda Bay through t i da l  inlets  such  as Brown Ceda r  C u t  

and Pass Cavallo. Elsewhere, sand along bay margins  resul ts  f r o m  erosion of Pleisto- 

c e n e  f luvial-del taic  and s t randpla in  deposi ts  t h a t  cons t i t u t e  t h e  mainland bay  margins,  

and f rom rivers  t h a t  discharge d i rec t ly  i n to  t h e  bay sys tem.  

Mud is t h e  dominant  sediment  t y p e  in t h e  Matagorda Bay sys tem.  Mud, as 

described in this  repor t ,  is predominantly clay with admixtures  of s i l t ,  sand ,  and she l l  

f i g .  6 .  Deep pa r t s  of bays and a r e a s  f a r t h e r  f rom s i t e s  of sediment  input a r e  

cha rac t e r i zed  by mud. Most of t h e  mud  i s  olive gray  t o  greenish gray. In some  bay- 

margin a r e a s  where  Ple is tocene  deposi ts  a r e  exposed,  mud is reddish brown. Surface  

sediment  in sma l l  s t r eams ,  abandoned segmen t s  of la rge  s t r eams ,  a n d  the  Gulf 

In t racoas ta l  Waterway is ch ief ly  mud; sediment  t y p e s  for  t h e s e  a reas  a r e  shown by a 

number t h a t  indica tes  a spec i f ic  s ed imen t  t ype  (fig. 5). Abandoned o r  dammed  

segmen t s  of l a rge  s t r e a m s  t h a t  a r e  now s i t e s  of mud accumula t ion  a r e  C a n e y  Creek  ( a  

fo rmer  course  of t h e  Colorado River)  and  t h e  lower reach  of t h e  Colorado River  below 

the  d a m  at Bay City.  Smaller  s t r e a m s  t h a t  i n t e rmi t t en t ly  discharge f r e s h  water  a n d  

sediment  into t h e  bays also have  muddy bot tom sediment .  Most of t h e  mud t h a t  

cove r s  t h e  f loors  of the  Matagorda Bay complex  w a s  t ranspor ted  t o  t h e  a r e a  by t h e  

Colorado River ,  Palacios Creek ,  Ca rancahua  Creek ,  Lavaca  River ,  G a r c i t a s  C r e e k ,  

and Placedo C r e e k  (fig. 6). 

Muddy sand,  l ike  sand, general ly occupies t h e  shallow p a r t s  of bays. Along t h e  

bay margin ad jacen t  t o  Matagorda  Peninsula, muddy sand i s  t rans i t ional  be tween 

shoal-water  sand and the  deeper-water  mud. In t h e  Pass Cava l lo  a rea ,  muddy sand i s  

assoc ia ted  with t h e  flood-tidal de l t a  and  grades bayward  in to  sandy mud. Elsewhere 

muddy sand has  accumula t ed  downcurrent  from erosional shoreline segmen t s  ( for  

example ,  t h e  e a s t  end  of Eas t  Matagorda  Bay, southwest  of O y s t e r  Lake, southwest  of 

Palacios, and be tween  Lavaca  and Matagorda  Bays). A t  t h e  head  of Lavaca  Bay sandy 

mud is assoc ia ted  wi th  t h e  Lavaca  River  and  i t s  de l t a .  

Sandy mud normally accumula t e s  in t h e  shallow bay areas .  Toward bay  c e n t e r s  

sandy mud grades  in to  mud,  and  toward t h e  bay margin  i t  may grade  in to  muddy sand  

and sand or i t  m a y  abut  t h e  mainland shoreline (see  Carancahua  and L a v a c a  Bays). 

Sandy mud is r a r e  in  bay-margin a reas  ad jacen t  t o  Matagorda  Peninsula because  of t h e  

dominant  sand sou rce  f rom t h e  Gulf of Mexico v ia  hurr icane  s torm-surge  channels. 

Where physical processes have  been less in tense  bu t  more  cons is ten t ,  t h e r e  general ly 

has  been  a downcurrent  t ransi t ion f r o m  sand or  muddy sand in to  sandy mud ( for  

example ,  southwest  of Oys te r  Lake,  t h e  vicinity of Pass Cavallo,  and in t h e  Palacios 



area) .  Sandy mud is also assoc ia ted  wi th  s o m e  r ivers  and  de l tas  (for example ,  t h e  

Colorado d e l t a  which s e p a r a t e s  East  Matagorda  Bay and Matagorda  Bay, and at t h e  

head  of Lavaca  Bay). Much of t h e  sediment  in Ca rancahua  Bay was derived f r o m  

erosion of Pleis tocene fluvial-deltaic deposi ts  exposed  in t h e  c l i f fed  bay shoreline. 

Muddy shel ly sand is a minor bo t tom s u r f a c e  sediment  t y p e  in t h e  Matagorda Bay 

sys tem.  This sediment  t y p e  was  observed in only t h r e e  areas :  Lake  Austin,  alongshore 

e a s t  of Palacios, and nea r  t h e  west shore  of t h e  southwest  p a r t  of Ca rancahua  Bay. 

Rangia  sp. is t h e  dominant  shell in Lake  Austin, whereas  Cras sos t r ea  virginica i s  

dominant  in t h e  t w o  o the r  a reas .  

Distribution of various sediment  types  is control led by (1) loca t ion  of a r e a s  of 

sediment  input  (for example ,  river mou ths  and hurricane washover channels) ;  (2) w a t e r  

dep th  (fine-grained m a t e r i a l  normally accumula t e s  in  deeper  water ) ;  ( 3 )  in te rac t ion  of 

f e t c h  and prevailing winds (wind blowing across la rge ,  open,  wa te r  bodies  g e n e r a t e s  

l a rge  waves t h a t  begin t o  f e e l  bot tom upon reaching  shallow wa te r  and  break ,  t h e r e b y  

redistr ibut ing sediment  t o  g e n e r a t e  sandy and shelly deposits);  and  (4) biological 

ac t iv i ty  (sea grasses  fo rm obs t ruc t ions  t o  cu r ren t s  and t end  t o  t r a p  f ine-  and coa r se -  

grained sediment ,  and molluscs build reefs).  Sediment  distr ibut ion c a n  be used to 

p red ic t  t h e  loca t ion  of high concen t r a t ions  of such  e l emen t s  as organic carbon,  which  

has  a n  af f in i ty  fo r  mud; s t ront ium,  ca l c ium,  and manganese ,  which tend  t o  be en r i ched  

in ca rbona te  sediment  (Krauskopf, 1967); and zirconium and r a re  e a r t h s ,  which a r e  

concen t r a t ed  by physical processes in t h e  sandy deposits.  Fur thermore ,  c e r t a i n  

e l e m e n t s  a r e  concen t r a t ed  in  muds o r  c lays  by adsorpt ion or  subst i tut ion.  

TOTAL ORGANIC CARBON 

Sources of carbon in t h e  s u r f a c e  sediment  of t h e  Matagorda Bay system a r e  

(1) upland plant  ma te r i a l  t ranspor ted  t o  t h e  bays by s t r eams ,  (2) mar shes  tha t  f l a n k  

much of t he  bay sys t em,  (3) mar ine  grasses,  and (4) s o f t  and ha rd  pa r t s  of animals  t h a t  

inhabit  t h e  bays. S t r e a m s  discharge in to  L a k e  Austin, Powderhorn Lake, a n d  

Matagorda,  Tres  Palacios,  Carancahua ,  Keller ,  and  Lavaca  Bays. Marshes and m a r i n e  

grass f l a t s  produce g r e a t  amounts  of organic ma te r i a l ;  s o m e  of t h i s  ma te r i a l  i s  

incorpora ted  in to  su r f ace  sediment .  The  larger  marsh  a r e a s  occur  a long t h e  shore  of 

East  Matagorda and Matagorda  Bays in t h e  a r e a  be tween Caney C r e e k  and O y s t e r  

Lake,  along t h e  bay margin of Matagorda Peninsula, on Matagorda  Island (west of Pass 

Cavallo),  on t h e  Colorado de l t a ,  and at  t h e  head  of Lavaca  Bay. Marine grasses a r e  

sparse ly  distr ibuted throughout  t he  bay sys tem,  b u t  have developed bes t  along sandy  

bay margins,  part icularly ad jacen t  t o  Matagorda Peninsula a n d  Matagorda  Island. 



Percen tage  of organic  carbon was  de termined for  e a c h  sample  and these  va lues  

were  contoured  at 0.5-percent in terva ls  (fig. 7). Tota l  o rgan ic  carbon distr ibut ion 

exhibi ts  t h e  s a m e  genera l  t r e n d  a s  s ed imen t  distribution. Values less t h a n  0.5 p e r c e n t  

occur  along bay margins and ad jacen t  t o  t idal  in le ts ;  t hese  a r e ,  for  t h e  most  p a r t ,  

a r e a s  of high sand percentages .  Organ ic  carbon in  the  r ange  0.5 t o  1.0 pe rcen t  

occupies most  of t h e  bay a rea ;  assoc ia ted  sed imen t  t ype  i s  predominantly mud. 

Sediment  with g r e a t e r  t han  1.0 pe rcen t  organic  ca rbon  occurs  in pa tches  in t h e  deepe r  

pa r t s  of bays and  in t h e  vicini ty of r iver  mouths,  al though not  d i rec t ly  a t  t h e  mouth. 

I t  appears  t h a t  high organic  carbon in  bay sed imen t  is r e l a t e d  t o  grain s i ze  r a t h e r  

t han  t o  proximity of rooted vegeta t ion  (marshes and  grass f lats) .  Pa r t i cu l a t e  organic  

carbon may be  adsorbed t o  fine-grained sediment ,  especial ly t o  c l a y  minerals .  

Sediment  in s t r e a m s  t h a t  discharge in to  t h e  Matagorda  Bay s y s t e m  conta ins  

organic  carbon in t h e  s a m e  r ange  a s  bay sediment .  S t reams cha rac t e r i zed  by sediment  

with a high mud con ten t  con ta in  the  highest  pe rcen tage  organic  carbon.  C a n e y  C r e e k ,  

Colorado River ,  Palacios Creek ,  East Ca rancahua  Creek ,  and  Keller C r e e k  all h a v e  

carbon con ten t s  g rea t e r  t h a n  1.0 percent .  Su r face  sediment  in West Ca rancahua  

Creek ,  Lavaca  River ,  G a r c i t a s  Creek ,  and Placedo Creek  is sand and conta ins  f r o m  

less t h a n  0.5 t o  1.0 pe rcen t  organic carbon;  mos t  sediment  contains less  than 0.5 

per c e n t  carbon.  

Preserva t ion  of organic m a t t e r  in  sediment  is a product  of a reducing  environ- 

m e n t ,  and  organic ma te r i a l  s e rves  a s  a n  impor tant  reducing agen t .  Par t ly  decomposed 

o rgan ic  ma te r i a l  i s  a component  of most  sediment  and  makes  up  about  2 pe rcen t  (by 

weight)  of al l  sed imentary  rocks  (Krauskopf, 1967). 

TRACE METAL DISTRIBUTION 

T r a c e  m e t a l s  d o  not r ema in  in solut ion for  long periods of t i m e  s i n c e  they a r e  

readily complexed with organic  ma te r i a l  o r  adsorbed by clay minerals .  T r a c e  m e t a l s  

may,  at t h e  t i m e  of the i r  introduction in to  river a n d  bay w a t e r s ,  a l ready b e  fixed i n  

minera l  l a t t i ce s  and/or  t o  pa r t i cu l a t e  organic m a t t e r  prior t o  deposition. Bottom 

sediment- - ra ther  t h a n  wa te r  samples,  suspended sed imen t ,  or  aqua t i c  organisms--was 

sampled  for  this  s tudy because  i t  is t h e  most  des i rable  medium for  a synopt ic  t r a c e -  

m e t a l  reconnaissance  (Ricker t  and o thers ,  1977). Water  s amples  a r e  pe rhaps  the  l ea s t  

desirable for  t r ace -me ta l  ana lyses  because  a w a t e r  sample  col lec ted  f r o m  a flowing 

river r ep resen t s  t h e  condit ions t h a t  ex is t  at a s ingle ins tant  in  t ime.  If discharge of 

m e t a l  was t e s  is i n t e r m i t t e n t ,  periodic w a t e r  samples  co l lec ted  downst ream may show 
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Figure 7. Organic carbon distribution map. 



no pollution. If m e t a l  discharge were  cons t an t ,  wa te r  s amples  co l l ec t ed  a t  s o m e  

d i s t ance  f rom t h e  source  m a y  show no pollution because  t h e  m e t a l s  could b e  adsorbed 

on to  sediment  par t ic les  during downst ream passage.  

Suspended sediment  c a n  be  an  excel len t  medium for  de termining  t r a c e  m e t a l  

occurr .ence during spec i f ic  runoff events .  Suspended sed imen t  is t o o  t rans i tory ,  

however,  t o  provide a sound sampling basis for  basinwide surveys. 

Aquatic  organisms a r e  a poor medium for de termining  t h e  basinwide occu r rence  

of t r a c e  meta ls .  A major  de t e r r en t  in using organisms is t h e  improbabil i ty of finding 

enough of a spec i f i c  l i fe  s t a g e  of a s e l ec t ed  organism at al l  p redetermined sampling 

si tes .  Therefore ,  as in t h e  work of R i c k e r t  and o t h e r s  (1977) bot tom sed imen t  of t h e  

Matagorda Bay sys tem was  chosen as t h e  prefer red  sampling medium for  t r ace -me ta l  

de terminat ion .  Because th is  study was  designed t o  es tab l i sh  basel ine da ta ,  a n d  

because  t i m e  and funding precluded monitoring or  reoccupat ion  of sample  s tat ions,  t h e  

only samples  t h a t  would provide adequa te  d a t a  w e r e  bot tom sed imen t  samples .  

Distr ibution of t r a c e  e l emen t s  in sediment  is complex and  follows no  simple rule.  

T race  m e t a l  dis tr ibut ion is control led in pa r t  by sediment  s i ze ,  sedimenta t ion  r a t e ,  

loca t ion  of t r ace -me ta l  source ,  and t h e  quant i ty  and  na tu re  of assoc ia ted  organic  

mater ia l .  Several  s tudies suggest  t h a t  one  or  m o r e  of t h e  previously ment ioned 

f a c t o r s  cont ro ls  t r a c e - m e t a l  accumula t ion  (Hirst ,  1962; Lineback and Gross, 1972; 

Collinson and Shimp, 1972; F r y e  and Shimp, 1973; a n d  Volkov a n d  Fomina, 1974). 

More than  800 bot tom sediment  samples  f r o m  t h e  Matagorda  Bay sys tem w e r e  

analyzed  fo r  30 e lements .  Of t h e  30 e l emen t s ,  20 w e r e  ident i f ied  in s ed imen t  s amples  

t aken  f rom t h e  Matagorda  Bay sys tem.  The following is a discussion of t h e  

distr ibut ion of t h e s e  20 t r a c e  meta ls .  

Boron 

Boron (B) con ten t  of sediment  is supposedly r e l a t ed  t o  salinity of t h e  environ- 

m e n t  in which i t  a ccumula t ed  (see Degens., 1965, p. 40). Boron con ten t  of anc ien t  

s ed imen t s  has been  used t o  distinguish be tween mar ine  and fresh-water  c lays .  Marine 

c lays  high in i l l i te  conta in  100 t o  200 ppm boron, whereas  fresh-water  c l ays  contain 1 0  

t o  50 ppm. C lays  in  t he  Matagorda Bay system a r e  dominantly montmori l loni te .  In 

t h e  bot tom sediment  of t h e  Matagorda  Bay sys tem,  boron ranges  f rom about  50 t o  

abou t  200 ppm. These  values a r e  in t h e  r ange  of bo th  f resh-water  and m a r i n e  clays as 

repor ted  by Degens  (1965). Low boron values,  abou t  5 0  ppm, occu r  in b o t t o m  sediment  

throughout  t he  bay sys tem and in most  of t h e  sed imen t  f rom fluvial s y s t e m s  (fig. 8). 



Figure 8. Boron distribution map. 



Low values occu r  i n  both coarse-  and fine-grained sed imen t ,  and  in t ida l  passes w h e r e  

sal ini ty is t h a t  of normal mar ine  w a t e r ,  as well a s  at heads of bays where  t h e r e  i s  

fresh-water  influx. There  is no orderly inc rease  in  boron con ten t  f r o m  bayhead to 

t ida l  inlet .  

The  higher B values, 150 t o  more  than  200 ppm, fall  most ly  in t h e  deep  pa r t s  of 

t h e  bays and a r e  assoc ia ted  fo r  t he  mos t  pa r t  with mud or sandy mud. Sediment  w i t h  

high boron c o n t e n t  corresponds closely wi th  t h e  highest  values of organic carbon. 

Most of t h e  s t r e a m s  t h a t  discharge into t h e  bay sys t em have s u r f a c e  sed imen t  

wi th  boron percentages  less  t han  100 ppm. Caney  Creek ,  a n  inac t ive  s t r e a m ,  con ta ins  

a s  much a s  200 ppm B. Colorado River  sediment  is low in B e x c e p t  for  t w o  a r e a s  (both  

a r e  mud and occur  be tween t h e  town  of Matagorda  and t h e  Gulf of Mexico) w h e r e  

concent ra t ion  i s  150 t o  m o r e  than  200 ppm. Another  a r e a  of high B concen t r a t ion  

associa ted  wi th  fluvial s ed imen t  is a n  abandoned segmen t  of t h e  L a v a c a  River just 

nor th  of t h e  head  of Lavaca  Bay and wes t  of Lavaca  River. Highest B concen t r a t ion  

he re  is g r e a t e r  t h a n  200 ppm; t h e  sed imen t  t ype  is sand. 

Barium 

Barium (Ba) concent ra t ion  ranges  f rom abou t  300 t o  a b o u t  500 ppm (lower l i m i t  

of de terminat ion  i s  5 ppm) in both t h e  bay sys t em and  in t h e  s t r eams  t h a t  d ischarge  

in to  t h e  bays (fig. 9). Low values (less t h a n  300 ppm) a r e  distr ibuted throughout  t h e  

bay sys t em,  a long t h e  bay margin a s  well  a s  bay cen te r s ,  and  in all sed iment  types.  

High values (more  than  500 ppm) fal l  in t h e  s a m e  genera l  a r e a s  a s  those  fo r  B, e x c e p t  

in Eas t  Matagorda  Bay where  B values a r e  low. High Ba concent ra t ions  a r e  in t he  d e e p  

p a r t s  of Pass Cavallo;  th is  t rend  t r ansec t s  sediment  boundaries and  the  Gulf 

In t racoas ta l  Waterway and Matagorda Ship Channel.  

High Ba values within t h e  bays a r e  mostly assoc ia ted  with muds  t h a t  l ie  in  

relat ively p ro t ec t ed  a r e a s  (center  of Ca rancahua  Bay and Powderhorn Lake), or  in  

a r e a s  t h a t  have  been  compar tmen ta l i zed  by a sys t em of ship and barge  channels  ( t h e  

la rge  a r e a  in no r th  Matagorda  Bay). 

Sediment  in  t he  f luvial  sys tems exhibi ts  t h e  s a m e  r ange  of Ba values a s  b a y  

sediment .  Abandoned channels  (Caney Creek  and p a r t  of L a v a c a  River) a n d  rivers t h a t  

have  been  dammed  ( the Colorado is dammed at Bay C i ty )  a r e  cha rac t e r i zed  by Ba 

values in excess  of 500 ppm. Sediments  of unal te red  s t r e a m s  have  signif icantly lower  

Ba values. 
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Figure 9. Barium distribution map. 



Ber yllium 

Concent ra t ion  of beryllium (Be) in  t h e  Matagorda Bay sys tem and  associa ted  

fluvial f eede r  sys t ems  is low, ranging f r o m  about  1 t o  about  3 ppm (fig. 10;  lower l i m i t  

of de tec t ion  for  Be is 1 ppm). The distr ibut ion p a t t e r n  of Be  is similar t o  t h a t  of B a n d  

Ba; lowest  values t end  t o  l ie  along bay margins,  and  highest v;,ues l ie  in t h e  d e e p e r  

mud-rich a reas .  The  highest values (more  than 3 ppm) c o i n c i f l ~  with high C ,  B, and Ba 

values. 

Beryllium concent ra t ion  is highest (around 3 ppm) in C a n e y  C r e e k ,  and lowest  

(mostly less t h a n  1 ppm) in West Ca rancahua  Creek ,  Lavaca  River ,  a n d  Garc i t a s  

Creek .  All t h e  o t h e r  s t r e a m s  a r e  cha rac t e r i zed  by i n t e r m e d i a t e  values (1  t o  3 ppm). 

Calc ium 

Values of calcium (Ca)  a r e  expressed a s  pe rcen tages  of t h e  t o t a l  sample;  

percentages  r ange  f rom abou t  1 to  abou t  5 (fig. 11; lower l imi t  of de t ec t ion  for  C a  i s  

500 ppm). If expressed as ppm, values would r ange  f r o m  about  10,000 t o  abou t  50,000. 

Lowest  C a  values a r e  found in sediment  along bay margins and  bayheads. Bay-margin 

deposi ts  a r e  mostly sands, and  those  a t  bayheads (where s t r e a m s  debouch into t h e  

bays) a r e  mostly sandy muds. 

Calc ium values  in t h e  r ange  of 1 t o  3 pe rcen t  a r e  dispersed over a l a rge  a r e a  of 

t h e  bay sys tem.  Calcium in this  range occurs  in s ed imen t  of a l l  t ex tu ra l  types .  

Distr ibution of calcium in t h e  3-to 5-percent  range  coincides with t r e n d s  of sh ip  

and ba rge  channels ,  oys ter  reefs ,  shell sp i t s  and beaches ,  and so.me tidal i n l e t s  and b a y  

bo t toms  t h a t  have  been  dredged for  shell.  Highest Ca values (more t h a n  5 percent )  

fa l l  in t h e  s a m e  a r e a s  a s  C a  in 3- t o  5-percent range. High C a  va lues  occur i n  

s ed imen t  conta in ing  a re la t ive ly  high shel l  con ten t .  

Fluvial deposi ts  a r e  cha rac t e r i s t i ca l ly  low in  Ca. Most sediment  contains l e s s  

t h a n  1 t o  3 p e r c e n t  Ca .  Values of 3 t o  g rea t e r  t h a n  5 p e r c e n t  a r e  dominant  in t h e  

Colorado River;  t h e s e  high values resul t  f rom a sa l twa te r  wedge  t h a t  moves  upriver  

t oward  Bay C i ty  and from t h e  local  prol iferat ion of molluscs such  a s  Mulinia lateral is .  

Samples from o the r  s t r e a m s  (for example ,  Caney ,  Palacios,  West Ca rancahua ,  

Garc i t a s ,  and Placedo Creeks)  have Ca values g r e a t e r  t h a n  5 percent ;  t h e s e  va lues  

r e f l e c t  loca l  presence  of Rangia  sp. and  f resh-water  clams.  



Figure 10. Beryllium distribution map. 
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Figure 11. Calcium distribution map. 



Cobal t  

Sediment  within t h e  Matagorda Bay sys tem conta ins  coba l t  (Co) in  t h e  r ange  of 

abou t  10  pprn t o  approximate ly  20 pprn (fig. 12; lower  l imi t  of de tec t ion  fo r  C o  i s  5 

pprn). S t reams t h a t  d ischarge  into t h e  bay sys t em have sed imen t  with C o  values t h a t  

range  f rom abou t  10 to  m o r e  than  1 5  ppm. The re  a r e ,  however ,  concent ra t ions  of Co 

in t h e  15  t o  m o r e  than  20 pprn range in a f e w  s t r e a m  sediment  samples.  

Most of t h e  bot tom sediment  in t h e  bay sys t em is cha rac t e r i zed  by  less t h a n  1 0  

pprn Co. These values occur  in all w a t e r  depths  (from shal low bayhead t o  the  d e e p e r  

bay cen te r s ,  t i da l  in le ts ,  and  ship channels)  and in a l l  sed iment  t ex tu ra l  types .  

Coba l t  in  t h e  10 t o  15  pprn range  has  a sma l l e r  a r e a  of distr ibut ion than  t h e  l e s s  

t h a n  10 pprn r ange  and resides for  t h e  most  pa r t  along bay axes .  Sediment  assoc ia ted  

wi th  10 t o  15  pprn C o  is mostly mud; o the r  t e x t u r a l  types  a r e  sandy m u d  and muddy 

sand. 

Most of t h e  highest pe rcen tages  of C o  (13  to more  20 pprn), l i k e  most of t h e  

previously ment ioned heavy me ta l s ,  occur  in deepe r  pa r t s  of bays in mud and a r e  

closely assoc ia ted  with a r e a s  of high organic  ca rbon  con ten t .  Some a r e a s  of high C o  

con ten t  occur wi th  muddy sand and where organic  carbon content  is less t h a n  1 

percent .  

Values of 1 5  t o  g r e a t e r  t han  20 pprn C o  a r e  r a re  in fluvial sediment .  S o m e  

sed imen t  in Kel le r  and Eas t  Ca rancahua  Creeks  conta ins  1 5  to 20 pprn Co.  Sed imen t  

t y p e  i s  mud and muddy sandy shell, respec t ive ly ,  and  C c o n t e n t  is more  t h a n  1 pe rcen t .  

Highest  concent ra t ion  of C o  in fluvial deposi ts  is in West Ca rancahua  Creek  w h e r e  

sed imen t  t ypes  a r e  shell and muddy shelly sand and C concent ra t ion  is 0.5 t o  1 

percent .  

Chromium 

Bay and f luvial  s ed imen t  conta ins  about  50 t o  about  7 0  pprn C r  (fig. 13; l o w e r  

l imi t  of de terminat ion  f o r  C r  i s  5 ppm). Distr ibution of C r  follows t h e  s a m e  g e n e r a l  

t r e n d  as most  of t h e  previously mentioned heavy meta ls .  Lower concent ra t ions  o c c u r  

in bayheads, bay margins,  and  t idal  inlets .  Higher C r  concent ra t ions  (50  t o  more t h a n  

70  ppm) paral lel  bay axes ,  and,  for  t h e  most  p a r t ,  a r e  assoc ia ted  with m u d  tha t  r e s ides  

in t h e  deeper  bay segments .  All s ed imen t  types  con ta in  Cr  in concent ra t ions  less t h a n  

50 ppm. 



Chromium con ten t  of most  of t h e  fluvial sediment  is less  t han  50 ppm. M0s.t 

s t r e a m s  t h a t  debouch i n t o  t h e  AJatagorda Bay sys t em con ta in  s e d i m e n t  with C r  

concent ra t ions  m o r e  than  70  ppm. Only one of t h e s e  s t r e a m s '  s ed imen t  types w a s  

sand; e a c h  of t h e  o the r s  was  mud. In addition t o  being associa ted  with predominantly 

fine-grained sediment ,  t h e  high C r  values corresponded wi th  C values of 1 percent  o r  

more. 

Copper 

Copper (Cu) has  a distr ibut ion p a t t e r n  s imilar  t o  t h a t  of Cr.  Concent ra t ions  of 

copper  in sediment  of t h e  bay and f luvial  sys t ems  range f r o m  about  1 0  t o  approxi- 

m a t e l y  20 ppm (fig. 14; lower l imit  of C u  de t e rmina t ion  is 2 ppm). Like C r ,  Cu o c c u r s  

in low concent ra t ions  (less t h a n  10 ppm) in all  bay segments ,  in a lmost  a l l  s ed imen t  

types,  and in t h e  shallow as well a s  t h e  d e e p  pa r t s  of bays. The  higher C u  values (10 t o  

more  t h a n  20 ppm) a r e  d is t r ibuted  in a pa t t e rn  a lmos t  ident ica l  t o  t ha t  of C r .  

Highest C u  values (more  than  20 ppm) a r e  de t ec t ed  in  Caney C r e e k ,  Colorado 

River ,  East  and West Ca rancahua  Creeks ,  Keller Creek ,  a c t i v e  Lavaca River  and i t s  

abandoned segmen t  t o  t h e  west ,  and Placedo Creek .  The sed imen t  t h a t  contains high 

Cu concent ra t ions  is mud, sandy mud, sand,  and  sandy shell.  Total  organic  c a r b o n  

values range f r o m  less t h a n  0.5 t o  m o r e  than  1 percent ;  t h e  relat ionships among Cu 

con ten t ,  sed iment  t ex tu re ,  and  pe rcen tage  organic carbon a r e  no t  one t o  one.  

Iron 

Iron (Fe)  concent ra t ions  range f r o m  about  3 t o  about  5 percent  (fig. 15; lower  

l imi t  of F e  de terminat ion  is 500 pprn). Low values  (less t h a n  3 pe rcen t )  in t h e  bay  

sys t em a r e  d e t e c t e d  in all  sed iment  types ,  and in t h e  shallow as well as d e e p  par t s  of 

t h e  bays. Higher concent ra t ions  of F e  (3 t o  more  than  5 pe rcen t )  tend  t o  be in t h e  

deep  p a r t s  of bays, and iron concen t r a t ion  of more  than  5 p e r c e n t  is r e s t r i c t ed  a lmos t  

exclusively to  t h e  mud fac ies .  There a r e  s imi lar i t ies  in t h e  distribution of t h e  highest  

concent ra t ions  of C r ,  Cu,  and Fe. 

Fluvial sediment  conta in ing  m o r e  than  5 pe rcen t  F e  occurs  in C a n e y  C r e e k ,  

Colorado River ,  Keller  Creek ,  Lavaca  River  and i t s  abandoned river s e g m e n t  west  of 

i t ,  P lacedo Creek ,  and Choco la t e  Bay (see fig. 4 for  location). Approximately 9 0  

pe rcen t  of t h e  f luvial  deposi ts  containing more  t h a n  5 percen t  Fe is mud;  t h e  res t  i s  

sand. High iron concen t r a t ions  a r e  not  r e s t r i c t ed  e i t h e r  t o  s ed imen t  wi th  high organic  

carbon con ten t  or t o  mud. 



Figure 12. Cobalt distribution map. 
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Figure 14. Copper distribution map. 



Figure 15. Iron distribution map. 



Mercury 

Compared  t o  t h e  previously discussed heavy meta ls ,  mercu ry  (Hg) exhibi ts  a n  

anomalous distr ibut ion pa t t e rn .  Concent ra t ion  of Hg in bay sediment  ranges f r o m  

abou t  25 t o  175 ppm. Fluvial  s ed imen t  has uniformly low (less t han  2 5  ppm) Hg 

concent ra t ion  (fig. 16). Most of t h e  sediment  of t h e  Matagorda  Bay s y s t e m  conta ins  

less t han  25 pprn Hg. This pa t t e rn  extends  in to  a l l  w a t e r  depths  and includes a l l  

sed iment  t ex tu ra l  types.  High Hg concent ra t ion  is r e s t r i c t ed  t o  Lavaca  Bay and t h e  

nor thwestern  pa r t  of wes tern  Matagorda  Bay. Hg values in t h e s e  a r e a s  v a r y  from 25 

t o  175 ppm. C h a r t e d  on a m a p  t h e  values form a concen t r i c  pa t t e rn  much  like a n  

e longa te  bull's eye. Holmes (1977) shows t h a t  mercu ry  is highly concen t r a t ed  in t h e  

upper 5 t o  7 c m  of sediment  and  dec reases  t o  background leve ls  deeper  t han  7 c m  

below t h e  sediment-water  in ter face .  The clamshell  s ample r  used in this  s tudy  

recovered  sediment  f rom t h e  su r f ace  t o  abou t  15  c m  deep.  

Since t h e  values in f luvial  sediment  a r e  in t h e  0.0 t o  2 5  pprn r ange  throughout  

t h e  bay sys tem (even those  a r e a s  t h a t  drain r ice  f ields in which fungicides with H g  

have  been  used), i t  appears  t h a t  Hg was  not t ranspor ted  t o  t h e  bays through f luvial  

systems.  

Most of t h e  a r e a  of high Hg concent ra t ion  l ies  ea s t  of t h e  Matagorda  Ship 

Channel.  The highest  concent ra t ion  of Hg i s  in Lavaca  Bay. This  p a t t e r n  is confined 

t o  t h e  deep  pa r t  of t he  bay ( a  s ed imen ta ry  sill s e p a r a t e s  L a v a c a  Bay f r o m  Matagorda 

Bay), where  sed imen t  t ype  is mud and  t h e  organic  carbon con ten t  i s  m o r e  t h a n  

1 percent .  Mercury con ten t  dec reases  t o  0.0 t o  25  pprn ac ros s  t h e  sedimentary  si l l  

separa t ing  Lavaca  and Matagorda  Bays and t h e n  increases  t o  50 t o  7 5  pprn i n  

Matagorda  Bay. This high concent ra t ion  coincides wi th  a n  inc rease  in w a t e r  dep th ,  

muddy sediment ,  and g rea t e r  t h a n  1 p e r c e n t  organic  carbon occurrence .  

Lanthanum 

Lanthanum (La) values for  t h e  Matagorda Bay system and  i t s  assoc ia ted  f luvia l  

f eede r  sys tem range  f rom a b o u t  30 ppm t o  approximate ly  50  pprn (fig. 17; lower l imi t  

of La de terminat ion  is 20 pprn). Distr ibution of L a  closely paral lels  t h a t  of Cr,  C u ,  

and Fe. Lower values (less t h a n  30 ppm) a r e  found in all w a t e r  depths a n d  sediment  

types.  The highest values, fo r  t h e  most  pa r t ,  occu r  in  t h e  d e e p  bay s e g m e n t s  and a r e  

assoc ia ted  with mud. Some high La values co inc ide  with sed imen t  conta in ing  m o r e  

t h a n  1 pe rcen t  o rgan ic  carbon.  



Caney Creek ,  Colorado River ,  Ca rancahua  Creek ,  Kel le r  Creek ,  P lacedo C r e e k ,  

Choco la t e  Bay, and  abandoned segmen t s  of Lavaca  River  and  Garc i t a s  Creek ,  al l  h a v e  

sed imen t  with La  values in excess  of 50 ppm. Approximately 95 pe rcen t  of the  f luvia l  

sediment  with high La concent ra t ion  is mud, and  approximate ly  8 0  pe rcen t  of t h e  

samples  conta ined  m o r e  than  1 pe rcen t  organic carbon.  

Magnesium 

Bay and f luvial  s ed imen t  in t h e  s tudy a r e a  conta ins  magnesium (Mg) in t h e  r a n g e  

of abou t  1 t o  approximate ly  1.5 p e r c e n t  (fig. 18; lower  l imi t  of de terminat ion  of Mg i s  

200 ppm). Like most of t h e  heavy m e t a l s  in t h e  Matagorda Bay sys t em,  Mg occurs  i n  

low concent ra t ions  with a l l  sed iment  t ex tu ra l  t y p e s  and in bo th  the  shal low and d e e p  

bay segments .  In genera l ,  high Mg values ( g r e a t e r  than  1.5 percent )  coincide w i t h  

muds t h a t  reside in t he  deepe r  par t s  of bays. Areas  of high Mg con ten t  coincide w i t h  

high concent ra t ions  of C r ,  Cu,  and Fe;  distr ibut ion p a t t e r n s  of t h e s e  meta ls  a r e  

d i f f e ren t  in de ta i l .  Some over lap  in t h e  a reas  of high magnesium and organic  c a r b o n  

con ten t .  

Sediment  in  Caney Creek ,  Colorado River ,  Keller  C r e e k ,  Lavaca  River  and i t s  

abandoned channel ,  P lacedo Creek ,  and  Choco la t e  Bay con ta ins  Mg in excess of 1.5 

percent .  Approximately 96 pe rcen t  of t h e  f luvial  s ed imen t  with high Mg values i s  

mud. Approximately 84 p e r c e n t  of t h e  sediment  wi th  high Mg con ten t  a l so  con ta ined  

m o r e  than  1 p e r c e n t  organic  carbon. 

Manganese 

Concent ra t ions  of manganese  (Mn) in bay a n d  fluvial sediment  of t h e  Matagorda  

Bay a r e a  range  f rom abou t  300 pprn t o  abou t  700 pprn (fig. 19; lower  l imi t  of 

de terminat ion  of Mn is 10 pprn). Manganese has a general  dis tr ibut ion pa t t e rn  s imi lar  

t o  C r ,  Cu,  Fe ,  and  Mg; the i r  dis tr ibut ions d i f fer  in detai l .  Low Mn values in b a y  

sed imen t  a r e  no t  control led by wa te r  depth  or depositional facies .  T h e  higher Mn 

concent ra t ions  in  bay sediment  fol low approximately t h e  s a m e  t r end  as the  o t h e r  

heavy metals;  Mn in  t h e  g r e a t e r  t h a n  700 pprn r ange  corresponds genera l ly  with d e e p  

bay segmen t s  and  fine-grained sediment ,  and  i t  over laps  somewha t  with organic  c a r b o n  

c o n t e n t  of more  than  1 percent .  

Fluvial sediment  containing more  t h a n  700 pprn Mn o c c u r s  in C a n e y  Creek ,  West  

Ca rancahua  Creek ,  P lacedo Creek ,  and  Choco la t e  Bay. Of these  s a m p l e s  approxi- 
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Figure 16. Mercury distribution map. 
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Figure 18. Magnesium distribution map. 
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Figure 19. Manganese distribution map. 



m a t e l y  70  pe rcen t  a r e  mud,  20 pe rcen t  shel l ,  and 10 pe rcen t  sand.  Manganese c o n t e n t  

in fluvial deposi ts  seems t o  be  r e l a t ed  t o  s ed imen t  t e x t u r e  and o rgan ic  carbon.  

Coarse-grained sand and shell s ed imen t  make  up approximate ly  25 pe rcen t  of t h e  

samples  t h a t  con ta in  high Mn values; t hese  deposi ts  a r e  c h a r a c t e r i z e d  by o rgan ic  

carbon con ten t  ranging f rom less t han  0.5 t o  1 percent .  Seventy-five pe rcen t  of t h e  

high-Mn-content samples  a r e  muds t h a t  have  more  t h a n  1 p e r c e n t  organic  carbon. 

Niobium 

The values of niobium (Nb) (about  10 ppm t o  about  20 ppm; lower  l imit  of Nb  

de terminat ion  is 10  ppm) a r e  t h e  s a m e  f o r  bay and  fluvial s ed imen t  in t h e  Matagorda 

Bay a r e a  (fig. 20). Low values of Nb a r e  d is t r ibuted  throughout  t h e  bay sys tem in a l l  

sed iment  t ypes  and wa te r  depths.  In t e rmed ia t e  va lues  (10 t o  20 ppm) a lso  occur in t h e  

shallow and deep  bay segmen t s  and a r e  chiefly assoc ia ted  wi th  t h e  mud fac ies .  

Niobium in t h e  10 t o  20 ppm range  has a d ig i ta te  p a t t e r n  t h a t  ex tends  f r o m  t h e  l a rge r  

s e g m e n t  of Matagorda Bay through s o m e  auxil iary bays in to  s o m e  of t h e  fluvial f e e d e r  

systems.  High Nb values (>20 ppm) occur  only in  Espiritu Santo  Bay adjacent  t o  a 

dredged channel  ( see  fig. 4 f o r  locat ion of Espiritu San to  Bay). 

Fluvial sediment  with high Nb concen t r a t ions  occurs  only in C a n e y  Creek ;  

s ed imen t  is mud wi th  an organic  carbon con ten t  of 1 percent .  Other  f luvial  sys tems,  

e x c e p t  Tres Palacios C r e e k ,  West Ca rancahua  C r e e k ,  and L a v a c a  River ,  have  low a n d  

in t e rmed ia t e  Nb values. Most of t h e  fluvial depos i t s  with i n t e r m e d i a t e  Nb va lues  

conta in  1 pe rcen t  o r  more  organic  carbon.  Approximately 85 pe rcen t  of t h e s e  samples  

were  mud; 15  pe rcen t  were  sand and shell.  

Nickel 

Bay and f luvial  s ed imen t  in t h e  Matagorda  Bay a r e a  contains less  than 15  t o  

more  t h a n  30 ppm nickel (Ni) (fig. 21; lower l imi t  of de terminat ion  of Ni i s  2 ppm). 

Distr ibution of Ni within bay sediment  is s imilar  t o  t h a t  of Fe ;  de ta i l s  of distr ibut ion 

pa t t e rns  a r e  d i f ferent .  Low Ni values, as with s o m e  o the r  heavy m e t a l s ,  a r e  n o t  

r e s t r i c t ed  by w a t e r  depth or  sediment  type. In t e rmed ia t e  Ni values (15  t o  30 ppm) 

occur  in somewha t  deeper  w a t e r  and f iner  gra ined  sediment  t h a n  low Ni concent ra-  

tions. Mud fac i e s  in t h e  d e e p  bay segmen t s  commonly  conta ins  t h e  g r e a t e s t  amount of 

Ni. The re  is a l so  some  over lap  be tween  a r e a s  of high organic  carbon pe rcen tage  a n d  

a r e a s  of maximum nickel content .  



Caney Creek ,  Colorado River ,  Ca rancahua  C r e e k ,  L a v a c a  River  and  i t s  aban-  

doned channel ,  and  Choco la t e  Bay al l  have  sediment  conta in ing  more  t h a n  30 pprn Ni. 

Of t h e s e  samples  9 5  p e r c e n t  were  mud and 5 percen t  w e r e  sand. Organic  ca rbon  

c o n t e n t  was 0.5 t o  1 pe rcen t  in  10 pe rcen t  of t h e  samples  a n d  more  t h a n  1 percent  i n  

90 pe rcen t  of t h e  samples.  

Lead 

Lead (Pb) has  a distr ibut ion p a t t e r n  s imilar  t o  t h a t  of most of t h e  previously 

mentioned heavy meta ls .  Concent ra t ions  of Pb in  bay and  fluvial sediment  in t h e  

Matagorda Bay a r e a  range f r o m  about  20 t o  approximate ly  30 pprn (fig. 22; lower l i m i t  

of Pb de terminat ion  is 10 ppm). Low Pb concen t r a t ions  (less t h a n  2 0  ppm) a r e  

ubiquitous. High concent ra t ions  of Pb general ly a r e  in fine-grained sed imen t  a n d  i n  

deep  wa te r .  Lead in excess  of 30 pprn is ch ief ly  a s soc ia t ed  with t h e  mud f ac i e s .  

There  is considerable ove r l ap  be tween a r e a s  of high Pb and those  of organic c a r b o n  

con ten t ;  however,  some  sediment  wi th  high Pb c o n t e n t  con ta ins  less t h a n  0.5 p e r c e n t  

o rgan ic  carbon.  

Fluvial sys tems t h a t  have  more  than  30 pprn Pb a r e  Caney C r e e k ,  Co lo rado  

River ,  West Ca rancahua  Creek ,  and Choco la t e  Bay. Approximately 8 5  pe rcen t  of t h e  

f luvial  samples  were  mud; a l l  but  one  of these  samples  con ta ined  more  t h a n  1 p e r c e n t  

organic  carbon.  The  o t h e r  sediment  t y p e  containing more  t h a n  30 pprn Pb was s a n d y  

shell;  i t  conta ined  less t h a n  0.5 t o  m o r e  than  1 p e r c e n t  organic  carbon. 

Strontium 

Strontium (Sr) concent ra t ions  in bay  and f luvial  s ed imen t  of t h e  Matagorda Bay 

a r e a  range f r o m  about  100 t o  about  200 pprn (fig. 23; lower l imi t  of de t e rmina t ion  of 

Sr is 50 pprn). Low values of Sr (less t han  100 ppm) a r e  confined mos t ly  t o  sha l low 

bay-margin a r e a s  and a r e  assoc ia ted  wi th  all  s ed imen t  types.  In t e rmed ia t e  values of 

Sr (100 t o  200 ppm) cover  t h e  largest  a r e a  of bay bot tom and occur  in a l l  water  d e p t h s  

and  sediment  types .  Highest  Sr va lues  ( g r e a t e r  t han  200 ppm) h a v e  a p a t c h y  

distr ibut ion similar  t o  t h a t  of Ca.  Sediment  t y p e s  with high Sr concent ra t ion  a r e  she l l  

(gravel-sized shel l  debris),  sand,  muddy shelly sand,  muddy sand,  sandy mud,  and mud;  

all  occur  in t h e  shallow and deep  p a r t s  of bays. S t ront ium,  like c a l c i t e ,  is c lose ly  

assoc ia ted  wi th  shel l  m a t e r i a l  within bay sediment .  
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Figure 21. Nickel distribution map. 



Figure 22. Lead distribution map. 



Figure  23. Strontium distr ibution map. 



Very f e w  fluvial sediment  s amples  conta ined  more  than  200 pprn Sr. T h e  

Colorado River  and  Placedo Creek  e a c h  had one  sample  wi th  more  t h a n  200 pprn Sr. 

Two sediment  samples  t aken  f r o m  t h e  abandoned segmen t  of Lavaca  R ive r  conta ined  

more  than  200 pprn Sr. Textural ly t h e s e  samples  w e r e  mud, muddy sand, and  sand, a n d  

they  conta ined  less  than  0.5 to more  t h a n  1 pe rcen t  organic  carbon.  

Titanium 

Titanium (Ti) in bay and fluvial sediment  of t h e  Matagorda  Bay a r e a  has a r a n g e  - 

of approximate ly  0.3 t o  abou t  0.5 pe rcen t  (fig. 24; lower l imi t  of de terminat ion  of Ti i s  

10 ppm). A l a rge  pa r t  of t h e  bay is cha rac t e r i zed  by sed imen t  wi th  less  t han  0.3 

pe rcen t  Ti. Distr ibution of low concent ra t ion  of Ti i s  independent  of sediment  t y p e  

and wa te r  depth.  In t e rmed ia t e  Ti values (0.3 t o  0.5 percent )  a r e  assoc ia ted  mos t ly  

wi th  deep  pa r t s  of bay segmen t s  and muddy sediment .  Highest  values of Ti  (more t h a n  

0.5 percent )  exhib i t  a pa tchy distr ibut ion pa t t e rn ,  and  t h e  l a rges t  a r e a  l i e s  one t o  t w o  

mi les  off t h e  no r th  shore  of Matagorda  Bay. Although Ti in t h e  g r e a t e r  than  0.5- 

p e r c e n t  range  is most  commonly associa ted  wi th  mud fac ies ,  i t  also occu r s  in shel l ,  

sand, muddy sand,  and sandy mud. The  distr ibut ion of high Ti pe rcen tage  i s  somewha t  

analogous t o  t h a t  of F e  and  Mn; Ti over laps  some  a r e a s  of high organic ca rbon  con ten t .  

All of t h e  fluvial f e e d e r  sys t ems  excep t  West Ca rancahua  C r e e k  c o n t a i n  

sed imen t  with m o r e  than  0.5 pe rcen t  Ti. Approximately 9 5  percent  of t h e  samples  

were  mud; t h e  o the r  5 pe rcen t  w e r e  sand. More  than  1 percent  organic  c a r b o n  

occurred  in 55  pe rcen t  of t h e  samples;  t h e  o t h e r  samples  conta ined  0.5 t o  1 p e r c e n t  

organic  carbon.  

Vanadium 

Bay and f luvial  s ed imen t  in t h e  Matagorda  Bay a r e a  con ta in  less t h a n  50 pprn t o  

m o r e  than  100 pprn vanadium (V) (fig. 25; lower l imi t  of V de t e rmina t ion  i s  10 ppm). 

The distr ibut ion of V, par t icu lar ly  t h e  higher values, is s imi lar  t o  t h a t  of Cr ,  Cu,  Fe, 

and Mn. Lower V values (less t han  50  ppm) mostly occur in t h e  shallow bay segmen t s  

and a r e  assoc ia ted  with a l l  t ex tu ra l  types. In t e rmed ia t e  values of V commonly a r e  

found along bay axes ,  in deep  pa r t s  of bay segmen t s ,  and general ly a r e  assoc ia ted  w i t h  

muddy sediment .  A pa tchy distr ibut ion pa t t e rn  c h a r a c t e r i z e s  t he  h ighes t  V values. 

G r e a t e r  than  100 pprn V occurs  mos t  commonly  in t h e  mud fac ies ;  i n  par t s  of 

Matagorda,  Carancahua ,  and  Lavaca  Bays high V values ove r l ap  with a r e a s  of m o r e  

t h a n  1 pe rcen t  organic  carbon.  



All but  four  of t h e  f luvial  f eede r  sys t ems  (Tres  Palacios Creek ,  Eas t  and West 

Ca rancahua  Creeks ,  and Placedo Creek)  have  sed imen t  wi th  V values exceeding 100  

ppm. Sediment  t y p e  of al l  t hese  samples  was mud; 65  p e r c e n t  of t h e s e  samples  

conta ined  more  t h a n  1 pe rcen t  organic carbon,  and  t h e  remainder  con ta ined  from 0.5 

t o  1 percent  o rgan ic  carbon. 

Yt t r ium 

Yt t r ium (Y) in  bay and fluvial deposi ts  of t h e  Matagorda  Bay a r e a  ranges f r o m  

abou t  10 t o  abou t  30 pprn (fig. 26; lower l imi t  of Y de t e rmina t ion  i s  10 ppm). 

Distribution of low Y values (less t han  10 ppm) corresponds c lose ly  t o  bay-margin sand.  

Y t t r ium values of 10 t o  20 pprn occur in a l l  wa te r  depths  and sediment  t e x t u r a l  types .  

Distribution of Y in t h e  20 t o  30 pprn and g r e a t e r  t h a n  30 pprn ranges is nea r  axes  of 

t h e  bays. The highest  values of Y ( g r e a t e r  t han  3 0  ppm) a r e  distr ibuted similarly t o  

t h e  highest values of F e  and Mn; p a t t e r n s  of all  t h e s e  heavy m e t a l s  vary  o n e  from t h e  

o ther  in  detai l .  In genera l ,  t h e  higher concen t r a t ion  of Y o c c u r s  in t h e  d e e p  par t s  of 

t h e  bays, in mud,  and in p laces  coincides wi th  g r e a t e r  t han  1 p e r c e n t  o rgan ic  carbon. 

Only four of t h e  f luvial  f eede r  sys t ems  con ta in  s u r f a c e  sediment  having m o r e  

than  30 pprn Y. All of t h e s e  s t r e a m s  (Keller  Creek ,  Lavaca  River ,  Garc i t a s  Creek ,  a n d  

Placedo Creek)  discharge d i rec t ly  or indirect ly i n t o  Lavaca  Bay, which h a s  a l a r g e  

a r e a  of Y in t h e  more  t h a n  30-ppm range. About 25 p e r c e n t  of t he  f luvia l  s amples  

conta in ing  more  t h a n  30 pprn Y were  sand;  the remaining samples  were  mud.  The m u d  

samples  conta ined  f rom 0.5 t o  more  t h a n  1 p e r c e n t  organic  carbon,  and  the sand  

samples  conta ined  f rom less  t h a n  0.5 t o  1 percent  organic  carbon.  

Zirconium 

Zirconium (Zr) c o n t e n t  of bay and fluvial sediment  of t h e  Matagorda  Bay a r e a  

ranges  f rom abou t  300 t o  abou t  700 pprn (fig. 27; lower  l imit  of de t e rmina t ion  of Zr i s  

20 pprn). The lowest  Zr values a r e  distr ibuted ove r  a la rge  area .  They occur  in t h e  

shallow and deep  bay  a reas ,  and  a r e  assoc ia ted  wi th  a l l  s ed imen t  types. Zr in t h e  300- 

t o  500-ppm range  covers  a much smal ler  a r e a  t h a n  t h e  less t h a n  300-ppm Zr group. Zr 

in th is  range  is found in shal low and d e e p  bay segmen t s ,  and in a l l  s ed imen t  types, b u t  

is most  commonly associa ted  with sand-bearing deposits.  The  to t a l  a r e a  of t he  b a y  

sys t em occupied by sediment  wi th  500- t o  700- pprn Zr i s  re la t ive ly  small .  Zirconium 

in th is  range  i s  in sand, sandy mud, and  muddy sand. Sediment  containing t h e  highest  
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Figure 24. Titanium distribution map. 



Figure 25. Vanadium distribution map. 



Figure 26. Yttrium distribution map. 



Figure 27. Zirconium distribution map. 



Zr con ten t  (more  than  700 ppm) cove r s  a small p a r t  of t h e  bay bot tom and occurs n e a r  

bay margins,  in t i da l  channels ,  and in t ida l  del tas .  Within Carancahua  Bay and uppe r  

Lavaca  Bay t h e  highest Zr values a r e  in bay margin  a r e a s  and  along bay axes. More  

than  700 ppm Zr is conta ined  in sand,  muddy sand,  sandy mud,  and some  she l l  deposits.  

This distr ibut ion of t h e  highest  Zr values d i f fers  f r o m  t h a t  of most of t h e  o ther  heavy  

meta ls ,  which a r e  in t h e  deep  bay segmen t s  and conta ined  in mud having an o rgan ic  

carbon con ten t  of more than  1 percent .  

Caney Creek ,  Colorado River ,  Keller  C r e e k ,  Garc i t a s  C r e e k ,  and Placedo C r e e k  

have sediment  wi th  Zr in t h e  more  t h a n  700-ppm range.  T h e r e  a re ,  however,  only 7 

samples  f rom al l  t hese  f luvial  sys t ems  with m o r e  than  700 ppm Zr. Three  mud, 3 

sandy mud, and  1 muddy sand sample  compose  th i s  group which has a t o t a l  o rgan ic  

carbon con ten t  of less t han  0.5 to  more  than  1 percent .  

DISCUSSION 

Average  concent ra t ions  of t h e  20 t r a c e  e l emen t s  (plus organic carbon) recog- 

nized in Matagorda  Bay sys t em bot tom sediment  w e r e  compared  to  concent ra t ions  of 

s imilar  t r a c e  e l emen t s  found in t h e  Earth 's  c rus t ,  in shale, and  in s e a w a t e r  ( tab le  4). 

In genera l ,  e l e m e n t  concent ra t ions  in t h e  bot tom sediment  a s  in t he  Ear th ' s  crust  a n d  

in sha le  a r e  abou t  t h e  same.  T race  e l e m e n t  c o n t e n t s  in sha l e  (Krauskopf, 1967) and  in 

c lays  and  shales (Parker ,  1967) a r e  s imilar  excep t  fo r  concent ra t ions  of Ba, C ,  Fe ,  Mg, 

and Mn. Parker 's  values for  Ba and C exceed those  of Krauskopf; C i s  ten t i m e s  

g rea t e r .  Krauskopf repor ts  higher values than  does  Parker  f o r  Fe, Mg, and  Mn. 

Compar ing  t r a c e  e l e m e n t  d a t a  f r o m  crus ta l  rocks,  sha le ,  s eawa te r ,  and s u r f a c e  

sediment  f rom Matagorda  Bay sys t em ( tab le  4) shows t h a t  t r a c e  e l e m e n t  content  of 

s e a w a t e r  is s ignif icantly lower  than  t h a t  of t h e  c r u s t ,  shale,  and  r ecen t  bay  and f luvia l  

sediment .  Concent ra t ions  of Ba, Be, Co ,  Nb, and  Y a r e  abou t  t he  s a m e  in c r u s t a l  

rocks,  shale,  and r ecen t  sediment  of t h e  Matagorda  Bay sys tem;  t h e s e  comparab le  

concent ra t ions  suggest  t h a t  t h e  Matagorda  Bay sys t em is not  polluted wi th  Ba, Be, C o ,  

Nb, or  Y. Nevertheless ,  t hese  concent ra t ions  may  have  increased since virgin 

conditions existed.  

T r a c e  e l e m e n t s  found in higher concen t r a t ions  in s ed imen t  of t h e  Matagorda Bay 

sys t em than in t h e  Earth's c rus t  and sha l e  a r e  B, Ca, C ,  La ,  Pb, Hg, a n d  Zr. T h e s e  

higher concent ra t ions  in r e c e n t  bay and fluvial deposi ts  suggest  t ha t  t h e  e l emen t s  a r e  

being concen t r a t ed  through na tura l  chemica l  and biological processes,  and/or  they  a r e  



Table 4. Comparison of average concentration of trace elements 
in the Earth's crust, shale, and seawater with trace element range 

in surface sediment of Matagorda Bay system (values in ppm). 

Element Crust Shale Seawater Matagorda Bay 

Barium (Ba) 425 580 0.03 <300->500 

Beryllium (Be) 2.8 3 6x10-' < 1 .O->3.0 

Boron (B) 10 100 4.6 < 50-> 200 

Calcium (Ca) 4.1 x lo4 2.5 x lo4 400 <10,000->50,000 

Carbon (C) 200 1,000 2 8 <5,000-> 10,000 

Chromium (Cr)  100 100 0.00005 <50->70 

Cobalt (Co)  25 20 0.0001 <lo->20 

Copper (Cu) 55 57 0.003 < 10->20 

Iron (Fe) 5.6 x lo4 4.7 x lo4 0.01 <30,000->50,000 

Lanthanum(La) 25 40 1 . 2 ~  <30->50 

Lead (Pb) 12.5 20 0.00003 <20->30 

Magnesium (Mg) 2.3 x lo4 1.4 x lo4 1,350 < 10,000-> 15,000 

Manganese (Mn) 950 850 0.002 < 300-> 700 

Mercury ( H g )  0.08 0.4 0.00003 0-175 

Nickel (N i) 7 5 95 0.002 < 15->30 

Niobium (Nb) 20 20 0.00001 <lo->20 

Strontium (Sr) 375 450 8.0 < 100->200 

Titanium (Ti) 5,700 4,500 0.001 <3,000->5,000 

Vanadium ( V )  135 130 0.002 <50-> 100 

Yttrium ( Y )  33 30 0.0003 < 10->30 

Zirconium (Zr) 165 200 -- < 300-> 700 

being in t roduced by man in  concent ra t ions  t h a t  e x c e e d  na tu ra l  background levels. T h e  

high values of B, C, Hg, and Zr a r e  valid and  ind ica t e  t h a t  t h e  concen t r a t ion  is na tu ra l  

or induced by man. Since t h e  sed imen t  source  f o r  t he  Matagorda Bay system is 

dominated  by older  sedimentary  rocks (predominantly sha le  and  clay)  i t  i s  assumed 

t h a t  ne i ther  La  nor Pb  a r e  being concen t r a t ed  in t h e  Matagorda  Bay sys t em.  Calc ium 

values in  bot tom sediment  of t h e  Matagorda  Bay sys tem a r e  higher t h a n  values i n  

sha les  and about  t h e  s a m e  as those  in  t h e  Earth 's  crust .  High C a  values in t h e  

Matagorda  Bay sys t em coincide with a r e a s  of shel l  concent ra t ion .  

Six t r a c e  e l emen t s  in t h e  bot tom sediment  of t h e  Matagorda  Bay sys t em exhib i t  

maximum values t h a t  a r e  less  t han  t h e  ave rages  f o r  t h e  Earth 's  c rus t  and  for  shales.  



These  a r e  C r ,  C u ,  Mn, Ni, Sr, and  V. Since i t  has been  shown t h a t  f ine-grained 

sediment  and organic carbon tend  t o  adsorb t r a c e  e l emen t s  a n d  t h a t  w a t e r  genera l ly  

conta ins  lesser  concent ra t ions  of t r a c e  e l e m e n t s  than  does  sediment  (Rickert  and  

o thers ,  19771, i t  appears  t h a t  C r ,  Cu,  Mn, Ni, Sr, and V h a v e  been deple ted  in t h e  

sediment  and  concen t r a t ed  in  t h e  biosphere. C r  and  Cu,  as well as Cd,  Hg, and Pb, a r e  

toxic,  and knowledge of t he i r  levels  of concent ra t ion  in t h e  biota of t h e  Matagorda  

Bay system is impor tant .  Hill (in Berryhill, 1975) r epor t ed  tha t  c e r t a i n  spec ies  of 

polychaetes  re ta in  relat ively high amoun t s  of Cu.  

Three  e l emen t s ,  Fe ,  Mg, and Ti ( t ab l e  4), conta ined  in sediment  of t h e  Matagorda  

Bay sys tem have  values less  than  va lues  in t h e  Earth's c r u s t  and abou t  t h e  s a m e  as 

values in shale. Since t h e  sed imen ta ry  rock sou rce  a r e a  i s  dominated by sha le  and  

clay,  i t  is assumed t h a t  t h e  values of Fe ,  Mg, and Ti in  Matagorda  Bay b o t t o m  

sed imen t  approximate  t h e  t r a c e  e l e m e n t  con t e n t  of source  rocks. 

R a r e  m e t a l s  a r e  concen t r a t ed  in  mar ine  sed imen ta ry  rocks (and  sediment) ,  

especial ly b lack  shales and phosphorites (Krauskopf, 1956). T race  e lements  a r e  

removed f rom w a t e r  and  concen t r a t ed  in s ed imen t  by s e v e r a l  methods. They m a y  b e  

(1) adsorbed t o  clays,  organic  carbon,  o r  hydroxides, (2) conta ined  in t h e  l a t t i c e  of 

degraded clays,  (3) prec ip i ta ted  a s  a sulfide, (4) removed by  organisms and subse-  

quently en tombed in t h e  sediment ,  (5) physically concen t r a t ed  as heavy mine ra l  

p lacers  (for example ,  zircons)  within sand bodies, o r  (6) combined in  t h e  f o r m  o f  

organo-metal l ic  complexes.  

Association of t r a c e  meta ls ,  w a t e r  depth ,  s ed imen t  grain s i ze ,  and o rgan ic  

carbon has been  emphas ized  throughout  this  report .  These associat ions a r e  not un ique  

t o  t h e  Matagorda  Bay sys tem;  they  a r e  common  t o  r e c e n t  f luvial ,  l acus t r ine ,  

es tuar ine ,  and  mar ine  deposi ts  throughout  t h e  world. A process of t r a c e  e l e m e n t  

concent ra t ion  not  documented  by t h e  Matagorda  Bay study,  b u t  emphas ized  by o t h e r s  

(for  example ,  Krauskopf,  1956; Hirst ,  1962; Cl ine  and Chambers ,  1977), i s  t h e  

scavenging ac t ion  (adsorption) of o t h e r  e l e m e n t s  and compounds, part icularly t h e  

hydroxides. 

Three  cont ro l  mechanisms for  concent ra t ion  of e l e m e n t s  (Krauskopf, 1956) a r e  

prec ip i ta t ion  of sulfides within bo t tom sediment ,  adsorpt ion,  and  biological processes.  

Adsorption, according t o  Krauskopf, involves ma te r i a l s  for  which t r a c e  e l emen t s  h a v e  

a n  aff ini ty.  These  include clays,  organic  carbon,  and  hydroxides. A f e w  e l emen t s  a r e  

assoc ia ted  specif ical ly wi th  f ine-grained sediment ;  t hese  e l e m e n t s  a r e  C r ,  Cu, and  P b  

(Krauskopf, 1956; Cl ine  and Chambers ,  1977). Co ,  C r ,  Cu,  Ni, and Pb h a v e  an a f f i n i t y  

fo r  organic  carbon (Hirst ,  1962; Cline and Chambers ,  1977). Several t r a c e  me ta l s  a r e  



adsorbed by Mn  OH)^ and F e  ( 0 ~ ) ~ ;  among  these  e l emen t s  a r e  Be, Co,  C r ,  Cu ,  Ni, Pb,  

and V (Krauskopf, 1956; Hirst ,  1962; Cl ine  and Chambers ,  1977). Hirst  (1962) repor ted  

t h e  occu r rence  of B, Cr ,  and V in t h e  l a t t i c e  of degraded clays.  Four e l emen t s  (Ba, 

Hg, Li, and  Ti) a r e  adsorbed o n t o  clays (Krauskopf, 1956; Hirs t ,  1962). Concen t r a t ion  

of t r a c e  e l emen t s  by physical and  biological processes  is impor tant .  Association of 

zircons with sand deposi ts  was  documented  in t h e  s tudy of t h e  Matagorda Bay sys tem.  

Analyses of s o f t  pa r t s  of v e r t e b r a t e  and  inve r t eb ra t e  an ima l s  and s tudy  of t h e  

numerous plant  spec ies  would b e  required t o  es tab l i sh  t h e  associat ions among t r a c e  

e l emen t s  and b io t a  of Matagorda Bay sediment ;  t h i s  was  not included a s  a p a r t  of t h i s  

invest igat ion.  

Comparison of T r a c e  Metal  Concen t r a t ion  in  Sur face  Sediment  
of J a r r e t t ,  Corpus  Christ  i, Baffin, and  Matagorda  Bays 

Association of t r a c e  meta ls ,  organic  carbon,  and sed imen t  t ype  have  b e e n  

discussed for  Matagorda Bay sys tem in th i s  repor t .  Berryhill  and o t h e r s  (1972) 

repor ted  similar  associat ions fo r  t w o  es tuar ine  bays  in Nor th  Carol ina  (including 

J a r r e t t  Bay). Holmes  (1974) de t e rmined  t h e  abundance  of t r a c e  e l emen t s  in  bo t tom 

sed imen t s  of Corpus  Chr is t i  and  Baffin Bays, Texas. T race  m e t a l  d a t a  f o r  t he  fou r  

a r e a s  shown on t a b l e  5 w e r e  de termined f rom whole sediment  samples  by t h e  s a m e  

semiquant i ta t ive  method (Direc t -Current  Arc  Spark Emission Spectrograph).  

Organic  carbon con ten t  of bot tom sediment  in North Carol ina  bays (Berryhill  a n d  

o thers ,  1972) is s ignif icantly higher (1,000 t o  129,000 ppm) t h a n  i n  the  Matagorda  Bay 

sys tem (5,000 t o  10,000 ppm). The  North Carolina bays  and t h e  Matagorda Bay sys t em 

have  comparable  organic  carbon distr ibut ion pa t t e rns .  In genera l ,  o rgan ic  carbon 

con ten t  increases  d i rec t ly  wi th  a n  inc rease  in w a t e r  dep th  and m u d  con ten t .  

In t h e  Matagorda  Bay sys t em only B and Hg a r e  present  in  amounts  suf f ic ien t ly  

high t o  indica te  sources  o t h e r  t han  Qua te rna ry  and  Te r t i a ry  sands a n d  shales. 

Berryhill and o t h e r s  (1 972) concluded t h a t  no anomalous concent ra t ions  of e l emen t s  

have envi ronmenta l  s ignif icance in bo t tom sediment  of North Carol ina  bays. Co, Cu ,  

Mo, Ni, Pb, and V were  concen t r a t ed  in ash of t h e  humic and  fulvic f rac t ions  of 

organic  carbon within North Carolina bay sediment .  With t h e  except ion  of Ca, organic  

carbon (C) ,  Hg (reported only for  Matagorda  Bay), and Nb, t h e r e  is cons iderable  

over lap  in t h e  r ange  of values f o r  e l e m e n t s  repor ted  in  bot tom sediment  of Texas a n d  

North Carolina bays. Calc ium con ten t  is g rea t e r  i n  Matagorda  Bay than  in  t h e  o t h e r  

bays ( t ab l e  5). Organ ic  carbon was  not repor ted  f o r  Corpus Chr i s t i  and Baffin Bays; i t  



Table 5. Comparison of range of trace elements in surface sediment 
of Jarrett, Corpus Christi, Baffin, and Matagorda Bays (values in ppm). 

Jarrett Bay Corpus Christi Baffin Bay Matagorda 
Bay Bay 

Ba 300-500 50-5,000 70-1,000 300-500 

is considerably g rea t e r  in t h e  Nor th  Carolina bay sed imen t  than  in sediment  of 

Matagorda Bay system. Mercury was  repor ted  only in t h e  Matagorda  Bay s y s t e m  

where  i t  is infer red  t o  have  been introduced by man.  Niobium was not  reported f r o m  

Corpus  Christ i  and  Baffin Bays, and t h e  Nb va lues  repor ted  f o r  Matagorda  Bay s y s t e m  

and North Carol ina  bays a r e  near  t h e  lower l imi t  of de terminat ion ,  and  therefore ,  a r e  

not  s ignif icant .  

Comparison of T r a c e  Meta l  Concen t r a t ion  in S u r f a c e  Sediment  
of Southern Lake  Michigan and Matagorda  Bay System 

The abundance  of t e n  t r a c e  e l e m e n t s  f rom t h e  upper f e w  c e n t i m e t e r s  of b o t t o m  

sediment  in Lake  Michigan i s  cont ro l led  by f a c t o r s  such as depth  of w a t e r ,  o r g a n i c  

carbon con ten t ,  and  distr ibut ion of i ron  oxide (Shimp and o the r s ,  1971). I t  was found  

t h a t  C r ,  Cu,  and Pb c o r r e l a t e  well wi th  organic carbon.  A good co r re l a t ion  was f o u n d  

be tween  iron oxide and C r ,  Cu ,  Ni, and  Mn. Organ ic  carbon a lso  showed a fair  c o r r e -  

la t ion  wi th  iron oxide. Two e l emen t s ,  C u  and Ni, exhibi ted a corre la t ion  wi th  clay.  

Comparison of concent ra t ion  r a n g e  of t h e  t e n  t r a c e  e l e m e n t s  and organic c a r b o n  

f r o m  southern  Lake  Michigan (Shimp and o thers ,  1971) with concen t r a t ions  of t h e  s a m e  



Table 6. Range of elemental concentration in surface samples, 
southern Lake Michigan and Matagorda Bay system. 

Element Southern Lake Michigan Matagorda Bay 
range ppm range ppm 

B 2.0-92 < 50->200 

Be 0.4-3.0 < 1 .O->3.0 

CO 5.0-24 < 10->20 

Cr 10- 136 < 50->70 

CU 7.0-78 < 10->20 

La 8.0-34 < 30->50 

M n 160-5,700 < 300->700 

Ni 8.0-58 < 1 5->30 

Pb 20- 172 < 20->30 

V 7.0-98 < 50-> 100 

Organic carbon (C) 0.1 9-4.73% < 0.5-> 1 .O% 

e lemen t s  in t h e  Matagorda Bay sys tem sediment  indica tes  t h a t  Lake  Michigan deposi ts  

general ly exhibi t  higher concent ra t ions  ( t ab l e  6). 

Elements  in Lake  Michigan t h a t  a r e  higher t h a n  those  in Matagorda  Bay sys t em 

include C r ,  Cu,  Mn, Ni, and  Pb. Organic  carbon i s  also higher in L a k e  Michigan 

sed imen t  than  in Matagorda Bay sys tem.  Only B and  La have  higher concent ra t ions  in  

Matagorda  Bay sys t em sed imen t  than in Lake  Michigan deposits.  Three  e l emen t s  i n  

Lake  Michigan sediments  have  about  t h e  s a m e  concentrat ions--Be,  Co, and  V. 

CONCLUSIONS 

Highest t r a c e  me ta l  values a r e  generally assoc ia ted  w i t h  high t o t a l  organic  

carbon con ten t ,  deep  par t s  of bays, fine-grained sed imen t  (predominantly mud), and/or  

abandoned fluvial channel  segments .  These  associat ions ind ica t e  t h a t  t r a c e  meta ls  a r e  

adsorbed to,  or complexed with,  organic debris  and/or  c lay  minerals .  C e r t a i n  e l emen t s  

or  compounds (for example ,  Mn (OH)4 and F e  (OH)3) also adsorb  o ther  t r a c e  e lements .  

Relat ionships among t r a c e  e l emen t s ,  t o t a l  o rgan ic  carbon,  sediment  types,  a n d  

physical envi ronments  a r e  complex.  Fine-grained sediment  accumula t e s  in t h e  lowest  

physical energy envi ronments  of t h e  Matagorda Bay sys t em;  this  inc ludes  f e e d e r  

s t r e a m s  and associa ted  abandoned s t r e a m  segments .  These envi ronments  occupy d e e p  

par t s  of bays and p ro tec t ed  areas .  

There  a r e  s o m e  appa ren t  na tura l  groupings o r  associat ions of t r a c e  meta ls ,  

organic  carbon,  and  fine-grained sed imen t s  ( tab le  7). F i rs t ,  t h e  highest concen t r a t ions  

of 15 of t he  20 t r a c e  e l emen t s  d e t e c t e d  in Matagorda  Bay system sediment  a r e  

assoc ia ted  with muds and occur  in t h e  deep  w a t e r s  of t h e  bay sys tem ( t a b l e  7; B, Ba,  

Be, Co,  C r ,  Cu ,  Hg, La, Mg, Mn, Ni, Pb, Ti, V, Y). 



Table 7. Relationships among water depth, sediment type, organic carbon, and trace elements 
found in samples from Matagorda Bay systems, Texas. 

Range in values* limit 
of 

M a : ~ ~ ~ ~ n ~ a y  determination 
( P P ~ )  

Associations 

1 Organic carbon <0,5-> 1.0% Associated sediment type predominantly m u d  highest percent in deeper parts of bays. I 
( Boron Highest values in mud in deeper parts of bays and associated with high C values; Caney Creek 

mud contains 200 ppm B. I 
I Barium 05 Highest values in mud and deeper parts of bays; associated with high B and C values; hlgh in 

abandoned channels. I 
1 Beryllium < 1.0->3.0 01 High values in same areas where B, Ba, and C are high; high Be in Caney Creek. I 
I calcium < 1 .O->5.0% 500 High Ca values coincident with dredge channels, oyster reefs, shell spits, and beaches. Fluvial 

deposits low in Ca. I 
I Cobalt < 101.>20 05 High Co values occur in areas where B, Ba, Be, and C are high and where mud is dominant 

sediment type. Fluvial sediment generally low in Co. I 
I Chromium < 50->70 05 Highest Cr values associated with mud, deeper parts of bays, and other trace metals; high Cr in 

streams in fine sediment and associated with > 1% C. I 
Copper < 10->20 02 Highest concentration of Cu parallels that of Cr in the bays; associated with all sediment types in 

fluvial systems but highest in abandoned channels. 

1 Iron < 3.0->5.0% 500 High values of Fe, Cu, and Cr have similar distribution. Most high Fe values in fluvial sediment 
are in mud: not restricted by sediment type or C %. I 

I Mercury not Anomalously high concentrations. Associated with fine sediment, high C content, and deeper bay 
< 25->175 applicable water. I 

Lanthanum < 30->50 Distribution parallels that of Cr, Cu, and Fe; hlghest values in mud in deeper parts of bays. La in 20 fluvial sediment mostly mud with greater than 1.0% C. 

Magnesium < 1 .O-> 1.5 High Mg values coincide wlth high values of Cr, Cu, and Fe; high Mg mostly ih mud in deeper ' 
parts of bays. High Mg in f luv~al systems is in mud with high C content. 

I Manganese < 300->700 Distribution of Mn is similar to Cr, Cu, Fe, and Mg. High Mn values are in mud with high C l o  content in deeper bay water. Fluvial systems have mud with high Mn and C values. I 
I Nobium < 10->20 Highest Nb values associated with dredge spoil: intermediate values occur in mud. Caney Creek 

l o  contains some mud with high Nb and C values. I 
Distribution o f  N i  similar to Fe; highest Ni 

Nickel < 15->30 02 may or may not be high. Ni is high in fluvial mud with high C content; most common in 
Caney Creek. 

I Lead < 20->30 
Distribution similar to trace metals above; high concentration of Pb in deeper bay waters in mud; 
C may or may not be high. High Pb values in fluvial sediment are In mud with high C content. I 

Strontium < 100->ZOO High Sr values have patchy distribution similar to Ca; Sr associated with shell. Few fluvial 50 sediments had high Sr values. 

Distribution of high Ti  values 1s similar to Fe and Mn; high values o f  T i  are associated with shell, 
Titanium < 0.3->0.5% 10 sand, and mud and do not appear dependent upon high C content. High T i  values ubiquitous i n  

fluvial sediment; predominantly mud. 

Distribution of high V values similar to Cr, Cu, Fe, and Mn; highest V values are found in mud in 
Vanadium <50->lo0 10 deeper parts of bays; some overlap with high C values. Fluvial sediment with V predominantly 

mud with high C content. 

Highest Y values have similar distribution pattern t o  Fe and Mn; highest Y values are in mud in 
Yttrium < lo-> 30 10 deeper parts of bays; may coincide with high C values. Only fluvial systems which discharge into 

Lavaca Bay have high Y values. 

Highest Zr values are concentrated in sand, muddy sand, sandy mud, and some shell deposits; 

Zirconium < 300->700 20 
associated with bay margins, tidal channels, and tldal deltas. Few fluvial sediments are high in Zr; 
organic C not a factor in Zr concentration. Physical precesses tend to concentrate zircons with 
their hydraulic, quartz sand equivalents. 

'ppm unless otherwise ~ndicdted 



Second, o rgan ic  carbon has  an  a f f in i ty  for  fine-grained sediment  t h a t  accumu- 

l a t ed  in t h e  deeper  bay segments .  Some organic  carbon m a y  also o c c u r  a s  t h e  

hydraulic  equivalent  of clay-size part icles .  T race  e l emen t s  whose  highest concent ra-  

tions coincide wi th  high carbon pe rcen tages  a r e  B, Ba, Be, Co,  Hg, Mn, Ti,  a n d  Y. 

Third, s o m e  o the r  groups of e l e m e n t s  may b e  control led by adsorpt ion capaci ty  

of o the r  e l emen t s  (possibly F e  o r  Mn). This group comprises  nine e lements :  Cr ,  C u ,  

Fe ,  La, Mg, Ni, Ti, V, and Y. 

A fou r th  group of e l e m e n t s  (Ca ,  Nb, Sr, and Zr) exhibi ts  l i t t l e  a f f in i ty  for  d e e p  

wa te r  and  fine-grained sed imen t ,  organic  carbon,  o r  e l emen t s  t h a t  s e r v e  t o  adsorb  

t r a c e  meta ls .  Calc ium and s t ront ium display s imi lar  distr ibut ion p a t t e r n s  and a r e  

r e l a t ed  t o  a r e a s  of shel l  production. Niobium is high in s ed imen t  ad jacen t  t o  d redge  

spoil and possibly occurs  in higher concent ra t ions  in deep  w a t e r ,  a l though Byrne (1975) 

did not  report  Nb f r o m  co res  f r o m  Lavaca  Bay. High values of Nb a r e  assoc ia ted  wi th  

abandoned channel  sediment  having high organic carbon c o n t e n t  (for example ,  C a n e y  

Creek ,  see t ab le  7). Zirconium is a cons t i t uen t  of t h e  heavy minera l  z i r con ,  which is 

an  accessory  minera l  in t h e  more  ac id i c  igneous rocks. The Colorado R ive r  der ives  

some  sediment  f r o m  t h e  Llano Uplift  where  grani t ic  rocks a r e  exposed. Since z i rcon  

has a spec i f ic  gravi ty  be tween  4.6 and  4.7, sma l l  de t r i t a l  zircons a r e  hydraulic 

equivalents  of sand-sized q u a r t z  whose spec i f ic  gravi ty  is 2.65. Zirconium has i t s  

highest concent ra t ion  in sands  of t he  Matagorda  Bay sys tem.  

Sediment  of t h e  Matagorda  Bay sys t em was  derived,  f o r  t h e  mos t  pa r t ,  f r o m  

older sedimentary  rocks, which a r e  cha rac t e r i zed  by a dominance of mudstone,  

claystone,  and shale.  Therefore ,  i t  s e e m s  reasonable  t o  a s sume  t h a t  t r a c e  me ta l  a n d  

organic  carbon c o n t e n t  of sha l e  (Krauskopf, 1967; t a b l e  4, t h i s  repor t )  a r e  representa-  

t i ve  of sou rce  rock content .  When compar ing  t r a c e  m e t a l  and  organic c a r b o n  c o n t e n t  

of sha l e  with Matagorda Bay sys tem sediment ,  i t  is revealed t h a t  (1) Ba, Be, Co, F e ,  

La, Mg, Pb, Ti, and  Y concent ra t ions  a r e  about  equal  in sha le  and  su r f ace  sediment  of  

t h e  Matagorda Bay sys tem,  ( 2 )  C r ,  Cu ,  Mn, Ni, Sr, and V concen t r a t ions  a r e  less i n  

Matagorda  Bay sys t em than  in shale,  and  (3) B, Hg, Ca, Zr, a n d  organic carbon h a v e  

g r e a t e r  concent ra t ions  in Matagorda Bay sys tem sediment  t h a n  in  shale. These d a t a ,  

plus t h e  sediment ,  water  depth ,  and o t h e r  previously discussed associat ions,  sugges t  

t h a t  only the  high values of B and Hg r e su l t  f rom man's ac t iv i t ies .  

According t o  Collins (1975) ident i f ica t ion  of B compounds c a n  be used t o  identify 

sources  of B t h a t  have  leaked in to  oil wells,  o r  i n to  f resh-water  lakes or  s t r eams .  Like  

C1, B i s  considered t o  be an  e l emen t  of mar ine  origin. Boron compounds in brines a n d  

conna te  w a t e r s  probably a r e  derived f r o m  decay of t h e  s a m e  organic ma te r i a l s  t h a t  



were  sources  of petroleum. Shales, sandstones,  and  s e a w a t e r  conta in  about  100, 35, 

and 4.6 ppm B, respect ively.  Boron concent ra t ion  in  Matagorda  Bay s y s t e m  s e d i m e n t  

exceeds  all of t hose  values. Subsurface oil-field wa te r s  con ta in  a t r a c e  t o  more t h a n  

100 ppm B (Collins, 1975). A t  t h e  t i m e  sediment  samples  w e r e  being co l l ec t ed  for  t h i s  

s tudy,  oil f ie ld  brine wi th  B was being discharged at severa l  local i t ies  i n t o  the  w a t e r s  

of t h e  Matagorda  Bay sys tem.  

Chemical  was t e  containing Hg had been discharged i n t o  t h e  bay sys t em prior to 

t h e  ini t iat ion of t h e  study by an  aluminum processing plant.  Such ac t iv i t i e s  had c e a s e d  

be fo re  samples  were  co l l ec t ed  for  t h i s  s tudy.  High-Hg values  were  d e t e c t e d  only i n  

nor thwestern  Matagorda Bay and in Lavaca  Bay. 

The method ut i l ized t o  a sce r t a in  t h e  leve l  of concent ra t ion  in bo t tom s e d i m e n t  

of t h e  Matagorda  Bay sys t em,  a s  s t a t e d  previously, provides semiquan t i t a t i ve  resul ts .  

When values of individual e l emen t s  a r e  mapped,  distr ibut ion t r ends  a re  c l e a r l y  

indicated.  Concent ra t ion  levels  ( s t a t ed  as ppm f o r  most  e l emen t s ,  but  as percent  f o r  

t hose  having high concent ra t ions)  resu l t ing  f rom th is  semiquant i ta t ive  method a r e  n o t  

absolute;  a dupl ica te  s ample  analyzed  by t h e  s a m e  method m a y  not i nd ica t e  e x a c t l y  

t h e  s a m e  value. Lower and upper l imi ts  of de t e rmina t ion  a r e  shown on t a b l e  1. 

Concent ra t ion  values in bo t tom sed imen t  s amples  f rom t h e  Matagorda  Bay s y s t e m  

reach  t h e  lower l imi t  of de terminat ion  fo r  Be, Nb, and Y.  Lowest concent ra t ions  f o r  

t h e s e  t h r e e  e l e m e n t s  may  not  be  s ignif icant .  D a t a  f o r  Nb ind ica t e  values ranging f r o m  

10 t o  20 ppm; lower l imi t  of de terminat ion  is 10 ppm ( tab le  1). Values f o r  Nb ob ta ined  

f r o m  t h e  Matagorda  Bay sys t em a r e  somewha t  dubious. Upper  limit of de t e rmina t ion  

was  not  exceeded  by any e l e m e n t  d e t e c t e d  in Matagorda  Bay system sediment .  E x c e p t  

fo r  t h e  lowest  values fo r  Be and Y ,  and  t h e  to t a l  rarige of va lues  for  Nb, concen t r a t ion  

values for  t r a c e  e l e m e n t s  in t h e  sed imen t  of t h e  Matagorda  Bay sys tem a r e  a d e q u a t e  

to  d e t e c t  dis tr ibut ion t r ends  and t o  display associat ions among t h e  various t r a c e  

e l e m e n t s  and w a t e r  depth ,  organic  carbon,  s ed imen t  type,  and  t r a c e  e l emen t s .  

ACKNOWLEDGMENTS 

Many individuals and organiza t ions  cont r ibuted  to  th i s  project .  Funding was 

provided, in pa r t ,  by t h e  Gene ra l  Land Of f i ce  of Texas,  Bob Armstrong,  Commissioner.  

Boats were  provided by: t h e  l a t e  E. Gus  Fruh of t h e  D e p a r t m e n t  of Civi l  Engineering, 

The  Universi ty of Texas a t  Austin; T h e  Universi ty of Texas Marine Sc ience  Ins t i t u t e ,  

Po r t  Aransas Marine Laboratory;  t h e  Genera l  Land Off ice ;  and  B. H. Wilkinson. 



Field ass is tan ts  for  t h e  s tudy were:  Walter Leeper ,  Russell Lewis, K e n  McLean, 

Ron Nordquist,  and  Bill White, Bureau of Economic Geology; and  Scooter  Chea tham 

and Lee  McKibben, Genera l  Land Of f i ce  of Texas. Tota l  organic  carbon analyses  w e r e  

by Larry  McGonagle, chemis t ,  Mineral Studies Labora tory ,  Bureau of Economic 

Geology, under t h e  supervision of D. E. Schofield. T r a c e  me ta l  ana lyses  w e r e  

conducted  by t h e  U.S. Geological  Survey under t h e  supervision of Dr. C.  W.  Holmes. 

This s tudy benefi ted f rom authors '  discussions with: L. F.  Brown, Jr . ,  and W. L. 

Fisher ,  Bureau of Economic Geology; Henry Berryhill, Lou Garrison, a n d  Chuck 

Holmes, U.S. Geological  Survey; Professors  A. J.  S c o t t  and Lynton Land, D e p a r t m e n t  

of Geological Sciences,  The University of Texas a t  Austin; Bill Behrens, The  Universi ty 

of Texas  Marine Science Ins t i tu te ,  Galveston Geophysics Labora tory ;  Peggy Harwood, 

Genera l  Land O f f i c e  of Texas; Wayne Ahr, Texas A&M Universi ty;  and 1V. Armstrong 

Price,  consult ing geologist and oceanographer,  Corpus  Christ i ,  Texas. L. F. Brown, 

Jr., R. J. Finley, G. E. Fogg, C. D. Henry,  M. K. McGowen, and  W. A. White,  Bureau 

of Economic Geology, c r i t ica l ly  reviewed t h e  manuscript .  

REFERENCES 

Andrews, P. B., 1970, Fac ie s  and genesis  of a hurricane-washover f a n ,  St.  Joseph 
Island, c e n t r a l  Texas coast :  The  Universi ty of Texas a t  Austin, Bureau of  
Economic Geology Repor t  of Invest igat ions 67, 147 p. 

Behrens, E. W., 1969, Hurr icane  e f f e c t s  on a hypersal ine bay, - in Cas t ana res ,  A. A., a n d  
Phleger ,  F. B., eds., Lagunas cos t e ra s ,  un simposio: Mexico C i t y ,  D. F. 
Universidad Nacionale Autonoma Mexico, UNAM-UNESCO, November  28-30, 
1967, p. 30 1-3 10. 

Berryhill, H. L., Jr., 1975, Sediment  cha rac t e r i s t i c s  of t h e  inne r  shelf a n d  environ- 
men ta l  geologic map,  Po r t  Aransas a rea ,  Texas: Prel iminary resul ts :  U.S. 
Geological Survey Open-File Repor t  75-218. 

Berryhill, H. L., Jr., Swanson, V. E., and Love, A. H., 1972, Organ ic  and t r a c e  e l emen t  
con ten t  of Holocene sed imen t s  in t w o  e s tua r ine  bays, Paml ico  Sound a r e a ,  Nor th  
Carolina: U.S. Geological  Survey Bulletin 13 1 4 2 ,  32  p. 

Brown, L. F., Jr., Morton, R. A., McGowen, J. H., Kre i t le r ,  C .  W., and Fisher ,  W. L., 
1974, Natura l  hazards  of t h e  Texas  Coas t a l  Zone: The' Universi ty of Texas a t  
Austin, Bureau of Economic Geology Special Publication, 1 3  p. 

Byrne, J. R., 1975, Holocene deposi t ional  history of Lavaca  Bay, cen t r a l  Texas  coast :  
The  University of Texas at Austin, Ph.D. d isser ta t ion ,  149 p. 

Cline,  J. T., and Chambers ,  R. L., 1977, Spatial  and  tempora l  dis tr ibut ion of heavy 
me ta l s  in l ake  sediments  near  Sleeping Bear Point,  Michigan: Journal  of 
Sedimentary  Petrology,  v. 47, p. 7 16-727. 



Collins, A. G., 1975, Developments  in petroleum sc ience  1: Geochemis t ry  of oi lf ield 
waters:  New York, Elsevier Sc ient i f ic  Publishing, 496 p. 

Collinson, C., and Shimp, N. E., 1972, T race  e l e m e n t s  in bo t tom sed imen t s  from uppe r  
Peor ia  Lake,  middle Illinois River--pilot project :  Illinois S t a t e  Geological  
Survey, Environmental  Geology Notes  No. 56, 21 p. 

Degens,  E. T., 1965, Geochemis t ry  of sediments ,  a brief survey: Prentice-Hall ,  Inc., 
342 p. 

Dunn, G. E., and Miller, B. I., 1964, At lant ic  hurricanes: Baton Rouge,  La., Louisiana 
S t a t e  Universi ty Press,  377 p. 

Folk,  R. L., 1974, Petrology of s ed imen ta ry  rocks: Austin, Hemphill's, 128  p. 

Frye ,  J. C., and  Shirnp, N. F., 1973, Major, minor,  and t r a c e  e l emen t s  in sediments  of  
l a t e  P le is tocene  Lake  Saline compared  wi th  those in Lake  Michigan sediments:  
Illinois S t a t e  Geological Survey, Environmental  Geology Notes No. 60,  14 p. 

Gr imes ,  D. J., and Marranzino, A. P., 1968, Direc t -current  a r c  and a l t e rna t ing  c u r r e n t  
spark emission spec t rographic  f ie ld  me thods  for  s emiquan t i t a t i ve  analyses of 
geologic materials :  U.S. Geological  Survey Circular  591, 6 p. 

Gross, M. G., 1971, Ca rbon  determination:  in Ca rve r ,  R. E., ed.,  Procedures  in  
s ed imen ta ry  petrology: ~ i l e y - ~ n t e r s c i e n c e ~ ~ .  573-596. 

Harwood, P. J., 1973, Stabi l i ty and geomorphology of Pass Cavallo and  i t s  flood d e l t a  
s ince  1856, cen t r a l  Texas  coast :  The Universi ty of Texas  a t  Austin, Master ' s  
thesis,  184 p. 

Hayes,  M. O., 1965, Sedimenta t ion  on a semiar id  wave-dominated coas t  (South Texas )  
with emphas is  on hurricane e f f ec t s :  The  Universi ty of Texas a t  Austin, Ph.D. 
dissertat ion,  350 p. 

1967, Hurr icanes  a s  geologic agents:  ca se  s tudies  of Hurr icanes  C a r l a ,  
1961, and  Cindy, 1963: Universi ty of Texas  a t  Aust in,  Bureau of Economic  
Geology Repor t  of Invest igat ions 61, 54 p. 

Hirs t ,  D. M., 1962, The geochemis t ry  of modern sediments  f r o m  t.he Gulf of Paria--I. 
The relat ionship be tween  t h e  mineralogy and t h e  distr ibut ion of major  e l emen t s .  
11. The locat ion and distr ibut ion of t r a c e  elements:  Geochimica  et Cosmo-  
chimica  A c t a ,  v. 26, p. 309-334 and p. 1147-1 187. 

Holmes,  C. W., 1974, Maps showing distr ibut ion of s e l e c t e d  e l e m e n t s  in su r f ace -  
bot tom sediment  of Corpus Chr i s t i  and Baffin bays, Texas: U. S. Geological  
Survey Miscellaneous Field Studies 571, 2 p. 

1977, E f fec t s  of dredged channels  on t r a c e - m e t a l  migrat ion in  an e s tua ry :  
U.S. Geological Survey Journal  of Research ,  v. 5, no. 2, p. 243-251. 

Jackson,  M. L., 1958, Soil chemica l  analysis: Prentice-Hall ,  498 p. 

Krauskopf, K. B., 1956, F a c t o r s  control l ing t h e  concen t r a t ion  of t h i r t e e n  r a re  m e t a l s  
in  seawater :  Geochimica  e t  Cosmochimica  Ac ta ,  v. 9,  p. 1-32B. 



1967, Introduction t o  geochemistry:  McGraw-Hill Book Co., 721 p. 

Lineback, J. A., and  Gross, D. L., 1972, Deposi t ional  pa t t e rns ,  fac ies ,  and t r a c e  
e l emen t  accumula t ion  in t h e  Waukegan Member of t h e  L a t e  P le is tocene  Lake  
Michigan Format ion  in southern Lake  Michigan: Illinois S t a t e  Geological  Survey, 
Environmental  Geology Notes  No. 58, p. 25. 

Mason, C., and Sorensen, R. M., 1971, Proper t ies  and stabi l i ty of a Texas ba r r i e r  beach  
inlet:  Texas  A&M Universi ty,  C.O.E. Repor t  No. 146, 166 p. 

McCowen, J .  H., and  Brewton,  J. L., 1975, Historical  changes  and r e l a t e d  coas ta l  
processes, Gulf and mainland shorel ines,  Matagorda  Bay a r e a ,  Texas: The  
Universi ty of Texas a t  Austin, Bureau of Economic  Geology Special Publication, 
72  p. 

McGowen, 3. H., Brown, L. F., Jr., Evans, T. J., F isher ,  W. L., and  Groat ,  C.  G., 1976a, 
Environmental  geologic a t l a s  of t h e  Texas Coas t a l  Zone--Bay C i t y  -Freepor t  
a rea :  The Universi ty of Texas  a t  Austin, Bureau of Economic  Geology, 98 p. 

McCowen, J. H., Groa t ,  C. G., Brown, L. F., Jr. ,  F isher ,  W. L., and  Sco t t ,  A. J., 1970, 
E f fec t s  of Hurricane Celia--A f o c u s  on envi ronmenta l  problems of t h e  Texas  
Coas t a l  Zone: The  Universi ty of Texas  a t  Aust in,  Bureau of Economic Geology 
Geological Ci rcular  70-3, 35  p. 

McGowen, J .  H., Proc tor ,  C.  V., Jr., Brown, L. F., Jr. ,  Evans, T. J., Fisher ,  W. L., and  
Groa t ,  C. G., 1976b, Environmental  geologic a t l a s  of t h e  Texas  C o a s t a l  Zone-- 
Po r t  Lavaca  area :  The University of Texas  a t  Aust in,  Bureau of Economic Geology, 
107 p. 

McGowen, J. H., and Sco t t ,  A. J., 1975, Hurr icanes  as geologic agents  on t h e  Texas  
coas t ,  Cronin,  L. E., ed., Es tuar ine  Research ,  v. 11, Geology and engineering: 
New York, Academic  Press ,  Inc., p. 23-46. 

Parker ,  R. L., 1967, Composit ion of t h e  Earth's crust :  U.  S. Geological  Survey 
Professional Paper  440-D, 19  p. 

P ie ty ,  W. D., 1972, Surface  sediment  f a c i e s  and physiography of a Recen t  t i da l  de l t a ,  
Brown Ceda r  C u t ,  C e n t r a l  Texas: T h e  Universi ty of Houston, Master ' s  thesis ,  
208 p. 

Price,  W. A,, 1956, North beach  study for  t h e  c i ty  of Corpus Christ i :  C o r p u s  Christ i ,  
Texas,  Zoning and Planning Depa r tmen t ,  C i ty  Hall,  Repor t  on  File, 120 p. 

Ricker t ,  D. A., Kennedy,  V. C., McKenzie, S. W., and  Hines, W.  G., 1977, A synoptic  
survey of t r a c e  me ta l s  in bot tom sediments  of t h e  Wil lamet te  R ive r ,  Oregon: 
U.S. Geological  Survey Circular  715-F, 27 p. 

Sco t t ,  A. J., Hoover, R. A., and  McCowen, J. H., 1969, E f fec t s  of Hurr icane  Beulah, 
1967, on coas t a l  lagoons and bar r ie rs ,  in Cas t ana res ,  A. A., and Phleger ,  F. B., 
eds., Lagunas cos teras ,  un simposio: ~ e x i c o  C i ty ,  D. F. Universidad Nacionale 
Autonoma Mexico, UNAM-UNESCO, November 28-30, 1967, p. 221-236. 

Shimp, N. F., Schleicher ,  J. A., Ruch,  R. R., Heck,  D. B., and  Leland, H. V., 1971, 
T r a c e  e l e m e n t  and o rgan ic  carbon accumula t ion  in t h e  mos t  recent  sediments  of 
southern Lake  Michigan: Illinois S t a t e  Geological Survey, Environmental  
Geology No tes  No. 41, 25  p. 



Texas  Highway Depar tmen t ,  1962, Determinat ion  of hydrometer  and  mechanica l  
analysis of soils: Tes t  Method TEX-110-E, revised Nov. 1, 1968: Materials  and  
Test  Division, S t a t e  D e p a r t m e n t  of Highways and Transpor ta t ion ,  8 p. 

U.S. Depa r tmen t  of C o m m e r c e ,  1943-1961, Climatological  summary,  S ta t ion  Bay C i t y ,  
Texas: U.S. Depa r tmen t  of Commerce .  

1941-1 968, Cl imato logica l  summary,  S ta t ion  Palacios, Texas: U.S. 
Depa r tmen t  of Commerce .  

1947-1968, Cl imato logica l  summary,  Stat ion P o r t  Lavaca ,  Texas: U.S. 
Depa r tmen t  of Commerce .  

1948-1968, Cl imato logica l  summary,  Stat ion P o r t  O'Connor, Texas: U.S. 
Depa r tmen t  of Commerce .  

1958-1969, Local  cl imatological  d a t a ,  Victoria, Texas: U.S. D e p a r t m e n t  
of C o m m e r c e ,  Weather  Bureau, Environmental  D a t a  Service. 

1973, Tide tab les ,  e a s t  coast  of North and  South America:  U.S. 
Depa r tmen t  of C o m m e r c e ,  National  O c e a n i c  and Atmospher ic  Administrat ion,  
388 p. 

Vaughn, \V. W., 1967, A simple mercu ry  vapor de t ec to r  fo r  geochemical  prospecting: 
U.S. Geological Survey Circular  540, 8 p. 

Volkov, I. I., and Fomina,  L. S., 1974, Influence of organic  ma te r i a l  and  processes of 
sulfide format ion  on distr ibut ion of some t r a c e  e l e m e n t s  in deep  w a t e r  s e d i m e n t s  
of t h e  Black Sea,  in Degens, E. T., and Ross,  D. A., eds., The  Black Sea--geology, 
chemis t ry ,  and biology: Amer ican  Association of Pe t ro leum Geologists  Memoir  
20, p. 456-476. 

Wilkinson, B. H., and Byrne, J. R., 1977, Lavaca  Bay--transgressive d e l t a i c  s ed imen ta -  
tion in cen t r a l  Texas  estuary:  Amer ican  Association of Pe t ro l eum Geologists  
Bulletin, v. 61, p. 527-545. 

Wilkinson, B. H., and McGowen, J. H., 1977, Geologic approaches  t o  t h e  de t e rmina t ion  
of long-term coas t a l  recession r a t e s ,  Matagorda  Peninsula, Texas: Environ- 
men ta l  Geology, v. 1, p. 359-365. 


