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Gcochcmical processcs in organk·rich lagoon sediments 3rc dominatcd by the influence of 
microbially mcdiatcd dcgradalion of recently dcpositcd organie matter. A dctailcd siudy of 
chcmical distributions and transport proccsscs in a small coastallagoon, Cape Lookout Bight , 
North CaTolina (USA), rcvcals Ihal dcgradation of the mctabolizablc fraction of the total 
organie malter not ooly controls intcrstitial waler chcmica l composition. but drives the 
rccyeling of mobile dcgradation and products to ovcrlying waters and the troposphere. 

OceOIlOI. Acta, 1982. 
SCORJ IABO/ UNESCO , 

procecdings International Symposium 
Bordeaux, France , 8-14 Scptembcr, 19SI . 

on ("(lastal 
Jld· ln7. 

Biogéochimie de sédiments lagunaires riches en matière o rganique 

lagoons, 

Les processus géochimiques dans les_sédiments lagunaires riches en mmicrc organique sont 
dominés par les phénomènes dc dégradat ion d'origine bactérienne. Une étude détaillée de la 
composit ion chimique des sédiments ct des phénomènes de transport dans une petite lagune 
côtiè re (Cape Lookoul Bight , Caroline du Nord, États-Unis) monue que la dégradation de la 
fraction métabolisable de la matière organique contrôle non seu lement la composition 
chimique de l'cau interstitielle mais égaleme nt le recyclage des produits de dégradation dans la 
colonne d'cau sus-jacente ct la troposphère . 

Oceollol. Acta, 1982. 
SCOR/ IAHOfUNESCO . 

Actes Symposium International sur 
Bordeaux. 8· J4 septembre 1t,181. 161 -167. 

," lagunes côtières, 

Coastal lagoons act as natural traps for organic mate rials 
produced within their often fe rti le waters as weil as for those 
entering from surrounding wetlands and lerrest ria! environ
menls. Sedimentation of thesc organic-rieh rnaterials along 
wit h sil ts and clays is focussed on quieseent areas within the 
!agoon where power sources sueh as tides, waves and 
currents arc minimizcd (e.g. Bokuniewicz, Gordon , 1980). 
The resulting organic-rieh sediments are the sile of intense 
mierobial1y-medialed degradation processes whieh control 
sedimentary geochemical distributions and recycle vital 
nutricnl cle ments and other mobile ehemieal end produets 
10 overlying waters. 

Rclationships bctwecn organic matter dcgradation , intersli· 
tial water ehemical distributions and sediment·water 
exchange processes arc sehemalically illuslrated in Figure 1 
for the ehemical system C H-N·O·P-S-Fc-Mn. Numcrous 
studies (c.g. Claypool. Kaplan, 1974 ; Martens, 1978; 
Froclich et al .. 1979) have demonstraled that the chemistry 
of organic-rich sediments is dominatcd by a sequence of 
respiration and fermcntation reaelions whieh t>cgin with 
aerobic respiration (i. c. utilizi ng dissolved O2 as oxidant) 
and uli lîzc alternative e lCclron aeceptors such as dissolved 
NOl- and SO} - under anaerobie conditions. When dissolv
cd 0 1 inilially presenl in the interstilial waters of the 
sediments is cxhausted. dissolved NOl - , solid phase Mn and 
Fc oxides, and dissolved sulfale arc scquentially ulil izcd 
before melhane product ion oceurs. This vcrtica l sequcnce 
of oxidant utilization is indieated in Figure 1. The aetual 
spatial and temporal distributions of the biogcochemical 
mnes associated with the use of each oxidant (c.g. sulfate 
rcduetion zone) arc controlled by the supply and subsequent 
dcgradalion rates of mctabolizablc organic matte r at any 

ln this paper we will focus on interprcting the chemical 
distributions round în the interstitial waters of organic-rich 
lagoon sediments in terms of the dominant microbially
mediated degradation processes. In addition , the mecha· 
Ilisms and rates of sediment-water recycli ng processcs 
driven by thcse degradalion reaetions will bc cxamined. 

161 



C_ $ . MARTENS 

Figure 1 

'"' TEP. 
OVEAL w. 
". """ 

" § 
• z 
~ • • u • 

1"."- 1 
1 :.... 1 O<.~ .... , .. 

1"" -0<_ ...... .. ~I ~tI_ .... -_ ... 
""""'" - --
' . ,1 ... 
~. ' 
~ oO. 1. 1 -.,,0, '..,0(" 
~ .. -. ~l A_le 

1--... 
~., .. 

1 ..... ~ ... " .... 1 

MOEIl.E EN~ F'AOOUCTS 

-'- "- Je -'- "'" • "toi ~; .. OQo" ~.' 

NO.- ". , 
~; 

'.' - .'. W.'· .,'. 0" 

"tOi .. OQo'. M': S' 
• "~ .. co,l c.o . , ..... 71 ' ,0,'· 

Schnnlll;C r/wgram of bilJgt'oc/rl'lllko[ proU$SfS o5$ocitJœd wllir Ilrt' micrQbwll)"-mfdlfw:d clt-grtU/UlIOIl fi' m<,l"bQ/i:"bü: /)'i:"mc mUII", /II mg(l I/lC· 
ricll $ed;/11I'III.\. 

single site . An increasc in Ihese ralcs drives Ihe overall 
sySle m towards more reduci ng conditions al shallower 
dcpths. 
Major mobile chemical end produets of the various respira
tion and fermentation reaetions arc includcd in Figure 1. 
Thcsc chcmical end products such as dissolvcd inorganic 
carbon (I CO2). NH4 ' and reactive phosphorus (primarily 
HPO/-) tend to increase in concentration with deplh (and 
thcrcfore time) in sediment intcrstitiaJ waters, Their distri
bution in rapidly aecumuJating lagoon sediments cano in the 
absence of groundwaler seepage, bc cxpected 10 bc control
led by a balance between their production raies and 
transpon processes sueh as Ololecular di ffusion and macro
fauon l irrigotion (Berner. 1971 ; Goldhabcr el al_, 1977). 
Reduced chemicals diffusing or otherwise transponed 
upward aeross the sediment-water interface 10 overlying 
waters arc eilhe r oxidizcd near the scdiment-water inter
face, taken up by benthic primary produecrs. or direet ly 
reenler the waler column. The oxidation processcs take 
place either inorBanically or through microbial chem·litho· 
trophic processes in wh ich primaT}' producers derive thcir 
energy from the oxidation le.g. Jannasch. Wirscn (1979)!. 

Figun: 1. 
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Quantitative descriptions of the mechanisms and ra tes of 
oxidation processcs oceurring at the sediment-waler inter
face or in the water column remain as impona nt rcscarch 
goals in lagoon systems as ..... ell as other o rganic-rich 
environments. 
Recent work by our group at the University of Nonh 
Carolina at Chape l Hill on Cape Lookout Bight. an organic. 
rieh lagoon located on the Outcr Banks barrier island chain 
along the cast coast of the Unitcd States, can servc to 
illustrale sorne of the biogeochemieal processcs discusscd 
aOOve. The Cape Lookout l3ight projeet has bcen designed 
primarily to quantilativcly examine the coupling bctween 
production of mobile end producis o f organic maltcr 
degrddation and transport proccsscs rceycling thcsc end 
producls to the water eolumn. Thesc proccsscs lake place in 
sediment s whose accu mulation rate and seasonal, chemical 
and macrofaunal eharaelcriSlics are rclativcly wcll-defined. 

THE STUDY SITE 

Cape Lookout Bighl is a small quiet water lagoon enclosed 
by an aClivc. nonherly migrating reccivcd spit. Its recent 
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geomorphological evolution (Fig. 2) has been rcvie ..... ed by 
Chanton et al. ( 1982). The bighl Iraps o rganic-rich matcrials 
associalcd wi th silts and clays cxiting to Ihe Atlantic Ocean 
via Barden Inlet. The work diseusscd in Ihis paper was 
conducted primarily at slalion A-I located in the bight's 
inte rio r (sec Fig. 2). Current meler sludies, sediment grain 
size distributions and benthic fa unal populalions were 
studied in a transecl bet ..... ec n Slations A-I and B-5. ln the 
abse nce of storm actlvity, tidaI1)' controI1cd eurrent spceds 
along this transcct ..... e re dominatcd b)' a N-S component 
wilh a velocit)' of approximatel)' 28 cm sec .- I at slation B-5 
which dwindles to velocities of Jess than 6 cm sce. - I at 
station A- l (Martens, Klump, 1980). Benthic macrofauna 
along this transcct arc represented by more than 70 spccies 
in the sandy sediments of station B-5 whilc the siIt·clay 
sediments of station A-l contain only small « 2 cm length) 
Spion id and Capitellid polychacle worms during ..... ;nter
spring months (Bartleu , 1981). Station A-! is devoid of 
bcnthic macrofauna throughout the summe r and carly fall 
monlhs. Il appears likcl)' Ihat a combinai ion of highl )' 
sulfidic sediment chemical condilions and fish predation 
from well·oxygcnated o"erl)' ing wale rs produces the sudden 
d is..1ppearance of Ihe dominanl population of Streblospio 
be"edic,; pol)'chaeles during laie spring. 
Organic matte r decomposition proccsscs al )1.lllun A- l 
occur primaTil )' in association with sulfate reduction 
(Fig. 3). The sulfate reduction zone is observed tO range 
from 0-10 cm depth du ring summer months to approxima
tcly 30-40 cm during winter months. Methanogenesis, which 
takes place primaril)' in sulfate·depleted sediments 
(Martens. Bcrner. 1974) , occurs within 10-40 cm of Ihe 
sed ime nt-waler interface during summer months with a 
maximum rate at 15-20 cm. During winter months methanc 
production rates decrease and arc restriclcd in large part to 
a narrew zone bcncath the sulfal e reduci ng sediments 
(Martens, Klump, 1980; Sansone, Martens. 1981 ; Cril1 , 
198 1. and unpublished data). 
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A dcpth profile of the e xcess m'pb distribution (Fig. 4) in 
the sift plus clay fraction at station A-I (Chanton et al .. 
1982) SCT\'es to illustrale the relath'cly rapid and conSlant 
(Le. ncarly steady-sI3te) sedime nt accumulation rate found 
the re fo r the past decadc. The mean value for lotal dry 
weight .sedÎme nt accumulation since Ihe laie 1960's is 
3.9!; 0.7 g cm Z )' r- ' which is equivalent to 9.8::!: 1.7 cm 
yr- t of we i sediment with a mean porosity (volume 
watc r/volume lotal wet sediment) o f 0.84. The uppcr 3 m 
arc bifu rcated b)' a series o f sand loyers thought to rcsult 
from barrie r island ove lWash proce55Cs occurring during 
severe storms (Chanton el al. , 1982). The 5hallo ..... est o f 
these laycrs. presently Iocaled al about 1 mctcr depth . i5 
indic3ted by the excess l lOPb dala 10 be the result of Ihe 

'" 

BIOGEOCHEMISTRY OF OAGANIC-RICH LAGOON SEDIMENTS 

lEAO-210 ACTIVI TY dpm·g"· .,It.ç ..... 

, 
o , 
" • 

.' 

~ 

~ 

• 0 , ~ 

, ~ 

, ,~ 
IOigurc <1 

• 0 0 " " 

'_0' j 
J" r U I •• ,It <100 <_ •• ," • 

"'0 " 

• 
/"nd 1.~, -

l~ • ,-
l ' 

----i~ - ,o. • 

.... f--,-
J;-

-, ... 

! 

.. 

• 

0 

o 

, 

• 

• • , 
t • o 

• • 
~ , 

• 

, 
" 

é .tt'ess wt/J-l/O drslriblliioll in Ihe si/I-da)' frac/ioll pltJ/leJ ,'e,ms 
deplh Jor station A · / (Cht/Illon ri al .. / 982). Thf" lippe' nuw, of 
sedimf"II' is uppro.rinrolef)' 9,5 % si// p/rls day atrd is aCC'umu/alitrg al 
a falC of9.8~ 1.7 em Y' '. 

Scptcmbc r JO. 1971 passage of Hurricane Ginger (Chanton 
et al., 1982). The storm sand la)'ers arc easily deteeted by 
divers utilizing thin metal probes. 

CARBON RECYClING IN CAPE LOOKOlff BIGHT 
SEDIMENTS 

Org:tnic carbon conte nt of the upper meter o f station A- I 
sediments (Fig. 5) is high. ranging from approximately 
3.7 % in the upper 0-0.5 cm to less than 2.5 % . at depths 
bc low one meter. These results indicate that approximatcl)' 
one third of the orga nic matter reaching the sitc is reminc ra
lizcd within tcn )'eaTS of deposition. Multipl)' ing the !IOPb 
tOlal dry weight accumu lalion rate 0 (3.9 g cm- ! yr- 1 limes a 
mean organic C COntCnt o f 2 % at dcpth and changing units 

Figure 5 
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yields a carbon burial rate of 72 mole C m- 2 yr 1 ( \lanens. 
Klump, 1981).. Wc ..... ill compare this burial r:ltc ..... ith 
measured nuxes of the remineralized organic ~·,.Hbon as 
l C02 (primari ly d issolved IICÛl- at pH 7·7.5) and CH4 
leaving the sedime nts to overlying ..... a ters. 

Carbon fluxes aeross thr sedlment·"·ater interface 

Diffusive and gaseous bubble nuxes of IC02 and C H4 at 
st3tion A·] during 1976-1980 ..... e re measured by dive r· 
emplaccd bcnl hic chambers and gas collection chambers 
suspc nded over the sediments as described by Manens and 
Klump (l980 j 1981). Thc rcsultS arc summ3rized in 
Figu re 6. Seasonal variat ions in Ihese obscrved nuxes arc 
eOnlrolled prim3rily br lemperature indueed variat ions in 
rates of microbial IC02 and CH4 production in the sedi· 
mcnts. During su mmer mont hs maximum rates and nuxcs 
occur in association with high sedime nt temperatu res peak
ing near 27 oC ; du ring winter months, when te mpcratures 
occasionally drop bclo ..... 5 oC. minimum rates and sediment
watcr fluxes arc observed. The seasonaJ variation in sedi
mentary organic matter degradation rates, R , can bc 
modelled ulilizing the A rrhenius rate law (e.g. Mctzler, 
1977) , 

In RJ~= - ~ 
Kr' 

(1) 

whcre Ro is Ihe raie al some initial rcference tempcralu re 
(mole cm - l sec- I), E" is Ihe Arrhenius activation energy 
(keal mole- I ), Ris the gas cOnstant and T is temperalure 
(OK). A mo re correct trcalment utilizcs .àH si nce 
61-1 = E. - RT ; however at 25 oC. RT is only 2.5 kJ mole 1 

sc 61 1 is approximalc ly equal 10 E •. Typieal E" va lucs 
obscrved for scdimcnta ry processcs such as sulfate reduc
lio n range from 18 tO 25 kcal mo!c- I (e.g. Aller. Yingsl , 
1980). 
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Seasonal averages of rco, and 0 14 fluxes at station A-I 
yie ld the annual ca1cu llllcd nuxes listed in Table 1 (Martcns. 
Klump, 1981). In order to ealculate the fractiOn of carbon. 
recyded in the upper meter of sediments wc can compare 
the total carbon nuxes OUI as ICO, and CH~ (1"",) with the 
incoming nux of solid phasc organic carbon (J ,n) arriving al 
the sediment waler interface. During 1976 to 1980 the sum 
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Table 1 

/lnlll.Q/ o,·trogt filtlts al disst}fl'td ol/d gaSl.'Ous inorganic (Qrbon 
and mtlhQ/te [rom $/QIIOn A.-J udirntnu 10 o"tr/ying "u/I.'rs. 

Dissol\"ed l COz' 
Gaseous CO)I 
Dissol\"cd CH.1 
Gaseous CII. l 

Total 

29.8 
0.06 
O." 
4.85 

35.6 

Data (rom Martcns and Klump (1980) :: Daia from Martens and 
Klump (1981). 

of Jou. plus the carbon being buried (J bu') as calculated abo\'e 
sho uld cqua l J ," by simplc mass balance: 

(2) 
J in = Jou, + Jb.,· 

Thercfore Ihe fraclion of carbon rccycled which can simply 
bc ca1culatcd as: 

% C rccyclcd = [J"",IJinJ 1()2, 
(3) 

becomes: , (4) 
% C rccyclcd = [J"",IJ"", + Jt>u.J l~. 
subst ituting Jt>u. al"ld J"", values of 35.6 and 72 mole C m- 2 

yr- I respectively imo equ8tion 4 yiclds a recyded o rga nie 
carbon value o f 33 %. This rcsult agrees wlth the onc third 
dccrcase in % scdimcntary o rga nic carbon observed in the 
upper meler at station A- t (Fig. 5). 
Most imponantly, the ca rbon budget tells us that o nly one 
third of the total organie carbon bcing deposited al our site 
achieves the fate expccled for melabolizable organic mate· 
rials (Fig. 1) which is 10 drive proceS5es sueh as sulfate 
reduelion and methanogenesis. The reSI appears 10 bc 
present as pan of a non-melabolizab1c organic fraelion 
destined to become buried until later diagenetic processcs 
associated with much longer time pcriods andfor Ihermal 
alterat ion cause ilS breakdown. Models devclopcd to quan
titatively describe carly diage nelic processes such as sulfate 
reduction ( Berner. 1974 ; 1980) arc based on the fraction of 
melaoolizable fraction present rat her Ihan the tOlal whieh is 
gencrally measured. The observed change in organic carbon 
conlent with depth (Fig. 5) appcars 10 be the simplest way 
10 obtain eSlimatcs of the mctabolizable fra ction ; however, 
this requires assumptions of a constant rate of supply of 
organic matter with iln invariant blend of melabolizable and 
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Tabl.: 2. 
Radiocarbon a~s of SO~ organk ma~riafs cOnlribwing W W WIl2I 
Mdimt!nll2ry organk carOon pool at l UI/ion A-l. 

Organie mate rial 

Mixed sail marsh grassesl 

Wei seagrass dcbris1 

Living Zos~ra marino 1 

Shoreline pealSl 

Soil carbon) 
ZooplanklonJ 

Radîocarbon age 
(years B.P, 1950) 

- 2,207 ~ 66 
- 1.1 20~s8 
- 1.290 ~74 
200 • 5.000 

O· 5.000 
- 1.0JO ~ 80 

1 DaIa from MarlLns (1981); 1 Sa Marttns (1981) for dall2 and 
"/trt/letS to previous 'WOfk : J Data /rom Benoil CI al. (1979) and 
rtftft~tS Ihtrtin, /I~ zoop/anklan "suft is /rom Long Island 
Sound, 

non-metaboliz.able components. These assumptions arc di f· 
ficult 10 accept for lagoon sediments influenccd by a variety 
of terrestrial, anthrofXlgenic and marine input processes, 
Radiocarbon dating of sedimentary o rganic carbon provides 
a potentially imfXlnant mcthod for more direct determina
tion of the source or sources of organie carbon undergoing 
degradal ion and conversion to I CO! and CH,. in the 
sediments, Prcliminary radiocarbon ages for sedimemary 
organic carbon in the upper three meters of station A-l 
sediments (Fig. 1) iIlustrate the fXlwer of this tool. The 
Cape Lookout environment receives o rganic carbon mate
rials with ages similar to those listed in Table 2. Recently 
produccd plankton , seagrass and salt marsh plants are 
highly enriched in ICC put into the atmosphere by nuclear 
wcafXlns tcsting. In facl thcse .. bomb carbon " enrichcd 
materials have negat ive ages bccause their I-C conlcnt is 
above that expccted for plant tissues in equilibrium with the 
prebomb atmospheric 14(; concentration (Fau re , 1971). The 
plankton, scagrass and marsh plant comfXl nents appear 10 
bc prcfcrentia lly degraded in the upper metcr of sediments 
while older soil and/or shoreline peat derived materials with 
radiocarbon ages of about 3,000 yrs arc preserved at depth, 
The conclusion drawn from these results is thal the major 
fraction of Ihe metabo1i7.able organic material, comfXlsed of 
rece ntlr produced bomb I~C enriched seagrasscs, plan kton 
and salt marsh plant debris, is recyclcd on a time seale of 
less than tcn years (1 m deplh e 10 cm yr- ] sediment 
accumulation rate), 

NUTRIENT RECYCLI NG FROM ORGAN IC- RICH 
LAGOON SEOIM EI'ITS 

Ouring aerobic respiration , su lfale reducl ion and the olher 
respiration and fe rmentation proccsses su mmarizcd in 
Figure l , the nulric nt clcments N and P included as pan of 
prolcins, carbohydralcs and Olher mole<:ular structures arc 
released. The overall sloichiomelry of these reaelions can 
bc represented by equtllions in which idealized organic 
matter with a Redfield C:N:P ratio composition ( Redfield el 
al., 1963) is degraded utilizing Ihe oxidanlS listed in 
Figure 1. For example the rcaction utilizing d issolved 
sulfal e as oxidant cou Id bc represen!ed as fo llows : 

(CH20)106(NHJ) lo l·I J I'O~ + 53 SOl - (5) 
106 CO2 + 53 Sl + 16 NUl + 

106 1-1 20 + I-IJI>04' 
Under anoxic sul fale reducing or mcthanogcnic conditions 
such as those found within thc Bight 's sediment column , the 
dominant dissolved N and P comfXlunds fo rmed arc NH/ 
and HPO/ - as indicated in equatlon 5. Temperature 
depcnde nt seasonal produclion raies of these degradation 
end produelS as discusscd above, coupled with sediment· 
water exchange proecsscs lead 10 pronounccd scasonal 
variai ions in Iheir ven ical concentration distribution. This 
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Dissoft ,t'd NH, ami ~actil'(' phosphorus (primarify HPO/ - ) 
di!i /film/ions in Il,(' upper JO cm of im/'r!i/i1Ûl/ wa/us al Slalion A·/ 
(K/ump, Mar/('I/s, /98/). (.o llCf:lllration gradients WUt fil wifiting 
tqllatioll 6 e:cup/ for ",inlt'f phosphoflls dala which ... trt lin('arly fil 
in /ht IIppl'f ft'" Cnl. 

can Ile seen at our Cape Lookoul study site as iIlustratcd in 
Figure 8. These concentration profiles can be used in 
combination with Fick's first law of diffusion, modified for 
sedi ments as discussed by Berner (1971 ; 1980), to predict 
minimum flu xes to overlying waters: 

J = - 0 Os (ac/dz), • 0' (6) 

where J is the upward nutricnt flux < .... mole m-z h- /) , 0 is 
porosity, Os is the whole sediment diffusion coefficient 
corrccted fo r sediment grain effects (cmZ sec, - 1) and 
(ilCIiJZ),.o is the nut rient concentration gradient immedia
te ly at the sedi men!-water interface. This latte r gradient can 
bc dete rmined by curve fitt ing the concent ration data in 
Figure 8 with an equation of the form: 

c.. '" (Co - c..) exp - CtZ + c... (7) 

whe re C" ~ and Cœ are nUlrienl concentrations al depth z, 
the sediment·water inte rface (usually assumed to bc the 
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Mur/t'IfS. 1981), 
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overlying water value) and at sorne depth where the 
concentration gradient approaches ze ro. Both the atte nua
tion constant a (cm- I ) and C" arc obtained by an error 
minimization compute r rouline which also yields calculated 
values for (acla l). .. o. 
Fluxes measured by benthic chambers (Klump, Martens, 
1981) and theorclica l fluxes calculated from equation 6 fo r 
NI-V and HI'O/ - arc shown in Figure 9. Fluxes above 
equation 6 predictions du ring summer months for both 
NH4 ~ and HPO/- appear 10 result from non-uniform 
physica l structure and chemical distributions in the upper 
10 cm of sediments. In partÎcular, methane bubbles exiling 
the sediments during low tides crcale open bubble tub..: ~. 
2-20 mm in diilmct..:r and up to 10 em deep which aet as 
conduits for e nhanced vertical chemical exchange (Martens, 
Klump . 1980; Klump , Martens, 1981). 
During winter mOnlhs, observed HPO} - fluxes below those 
predicted by molccular diffusion (equation 6) apparently 
resull from scavenging of HPO/ - from solution by iron 
oxyhydroxides precipitating in the upper few cm of sedi
ments whe re downward pcnetrating dissolved O 2 is reacting 
with upward diffu sing ferrous iron. 
Approximately 39 and 15 % of the N and P deposited al 
stal ion A-I arc recycled to the wate r column according to 
the calculations of Klump (1980). These recycled nulrients 
can supply more than 50 % of the nitrogen demand of 
primary produce rs in nearby overlying lagoon waters 
(Smith , 1975). 

TRACE GAS FLUXES FROM LAGOON SEDIM ENTS 
TO T HE T ROPOSPHERE 

The ntethane-rich gas bubble transport t rom Cape Lookout 
8 ight sediments rcpresenls a potc nl ia lly important mecha
nism for dissolved gas exeha nge betwee n lagoon sediments 
and the troposphere. Such processcs, which may be of wide
spread importance in organie rieh lagoon environments, 
have o nly recently begun to be studied in any detai!. 
Methane bubbles produced in the sedi ments strip other 
dissolved gases in surrounding intcrstit ial waters from 
solution. The upward migrating bubblcs subsequently trans
port these strippcd gases, including No, Ar and CO!. out o f 
the scdiments. The rOldioactive noble ' gas, radon-222, has 
becn utilized by our group to quantitative ly examine this 
process (Kipphut , Marte ns, 1982). Dissolved radon-222 is 
prese nt in sediment interstitial waters at concentrations 
orders of magnitude abo"e ovcrlying watcr concentratio ns 
becausc of the concentration of ils parent isotope , radium-
226, in the sed iments on fine gradined sedime nt partidc 
surfaces. T he aclual distribution of radon-222 in sediments 
is controlled by a balance between production from radium-
226 , its own radioactive decay ( Rn-222 half life = 3.825 
days) and trOlnspoTl processcs. Bclow approximatcly 
6-JO cm, the radon-222 activity should be approximately 

jJmole bter;' hr-l dpm cm;~ 
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cquOlI to radium-226 activi ty in the abse nœ of other 
transport proeesscs (i. e. sccular equi librium is anained). 
Correlat ions bctwcen mClhane bubblc production and 
radon-222 dcfic icncies in the sediments bcne3lh 8 cm al our 
study sitc (Fig. 10) reveal the innuence of the mierobial 
processes on trace gas transport processes. A dcficit corres
ponding tO thc loss of a few percent pe r day of the radon·222 
rcsults from bubblc stripping: dcficit s rcsulting from mole
cular diffusion near the sedime nt -watcr interface and in the 
mcthanc bubblc production zonc arc depicted in Figu re 11. 
The bubb1c stripping process aceoums in thc sa me manner 
fo r the removal of approxi matcly 2 % per dOly of the 
dissolved N~ in the depth range of 10-30 cm. Any dissolllcd 
gascs diffusing into mc thane satuT<ltcd l<lgoon sediments as 
in thc case of N~ or produced with in the sed iments 
themse lllcs as in the casc of radon-222. II,S and others halle 
a significanl probabili ty o f bcing transPoTled directly 10 
owrlying waters and thc troposphere. 

RADON ACTtVlTY dpm·cm·' 

Figur.· 1 J 

Schemlllic diug'IUlu il!lI~l'ilIÎlIS tilt> /JfOre.' ,5e .• emll,Mllng lhe dÎ5l,ibu · 
lioll of llissa/"el/ ,m/ol/·U2 ill Ihe ;,uerSlilÎal .... alers of SIa/io'l A·I 
Sttdimellls.. (1) pmduclimr from ,adium-226 wilh 110 l' allspo' l ,' 
b) prOlltlClioli phls moleCIIlllf diffl/siolt UCTQU the udimem· ... at(!' 
illlnfllrt' : c) pmduCiiolt. mokmlar lIiffl/si/lll. bllbblf 5lrippiliS IInd 
,isill}: Imbble I/tSSO/lltrOIl ill methalle-lIl1<lt'fsatllratetf stdilll~lIl.s IIbo\'~ 

1/11,' :1JI11' of IIIttllUllle pmduclùm. 

SUMMARY AND CONC LUS IONS 

The microbially-mediatcd degradation of metabolizablc 
organic materials in organic- rich lagoon sediments exerts 
imponant influences on the chemieal composit ion of sedi
ments, lagoon waters and the troposphere. These chemical 
innuenccs include controls on the re lative importance of 
aerobic versus anaerobic respiration/ferme ntation processcs 
wit hin the sedi ments , and the recycling of mobile degrada
tion end producis to sediment imerstit ial waters, ove rlying 
waters and the troposphe re. Ail o f thcse processes arc 
driven by the rate of supply of metabolizablc organie 
matter , whose distribution is, in tum , controlled by physical 
and gcological processcs. 
Our abil ity to predict changes in the geochemistry of lagoon 
sediments brought about by the addit ion of metabolizablc 
organic matlcr is di reetly tied to ou r ability to quantila tively 
modcl the dynamics of degradation processes and thcir 
chemical end products as weil as a variety of transport 
phenomena. In eomparing sedimentary systems with similar 
transpon regi mes wc can generalize using Figure 1. Inereas
ing additions of metabolî7.able organic matter should drive 
the syslem down the list of oxidants and mobile chemical 
end products towards morc reducing conditions. This latter 
effect is an important factor in determining the distributions 
and spccies composil ion of both microbial and macrofOlunal 
bcnt hie populations. 
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