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Early Diagenesis of Organic Matter in Masan Bay, Korea
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SUMMARY

I. Title
Early diagenesis of organic matter in Masan Bay, Korea.
II. Objectives and Significance
Organic matter reaching the sea floor in the coastal wa-
ters is oxidized in a characteristic sequence of reactions.
The sequence in which oxidants are reduced - 05, NO3, MnO2,
Fep03 and Sdz - is dictated by the Gibbs Free energy yield.
The reaction sequence causes the composition of pore waters in
‘the sediments, which results in the enrichment of nutrients in
the pore waters. These nutrients are diffused or advected to
the overlying waters and then are being utilized again by phy-
toplanktons in the euphotic zone. Thus pelagic-benthic coup-
ling of nutrients is very important in the shallow coastal
environments,

However, the supply of electron acceptors is much slower
in the sediment column in contrast to that in the water column.
Thus sediment column is usually anoxic except a thin surface
oxidized layer. Sulfate reduction is the dominant process
because of its large capacity. Hydrogen sulfide produced may
remain dissolved in the porewater and reach the oxic layers of

the surface sediment. Here it is oxidized back to sulfate via
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consumption of dissolved oxygen. These processes have strong
influence on the biogeochemical environment in the bottom waters.
The main objectives in this study are to provide a’
preliminary sedimentary organic carbon burial and oxidation rate
in the sediment column and to examine the exchange of nutrients
across the sediment-water interface. This study will provide a
further information for the environmental management of Masan Bay

in the future.

III. Scope of Work

Sediment core samples were taken at one station from Ma-
san Bay in October and December 1986. Sediment chemistry was
elucidated using the vertical distributions of TOC, TN, solid
phase manganese and iron. Also depth distribution patterns of
nutrients in pore waters were studied.
IV. Results and Suggestion

The entire sediment column shows an extensive bioturba-
tion structure. The average TOC and TN concentrations in the
surface sediments are 4.37%.and 0.67%, respectively. The C/N
rations of organic matter are 8 and 11 in the surface and bot-
tom of core (40 cm), respectively.

The rain rate of POC to the sediment surface is estimated
to be 0.76 mol C m—2 yr‘l. Of which approximately 657% is oxi-

dized in the top 40 cm of sediment column. The oxidation rate

—6—



constant of organic carbon is 0.03 yr~1 and the residence time

of organic carbon in the top 40 cn of sediment column is about
30 years.
The distribution of pore water solute concentrations was

apparently affected by nonlocal exchange processes.






@ OF BB et e 3
GEEQ OEER  ceeneerueir et e e 5
KD EE AJE coeeerrrrrrrme it e 13
X 2 At N1 Iélslté-l ........................................................................... 15
A 1A ZAR A B ZATIZE ceereeeeerereeieneee s 15
A 28 ABAF U e 16
1. §AE5 T3 g3 e 16

2. X-radiograph A] B. cceeeeecrrrerreientt 16

3. B GRRZ] e 16

Al 3A  AFEA  HFEH e 17

L. 0 Q0 cenren e 17

2. EAE TOC, TN rererrtiiiii s 17

3. EAE QO] B e 17

H A B D ceerer e 18
Al 1A X-radiographs «eeeeereresrmeiiien i e 18
A 2A EAE QEEA e 18

A 3A  E|AEL H|FE e 20

Al 4 A POTOSITY cevvrrresrnmremieemaritttitrtete st ettt 20
A5A  To] MG ARRL e 29

A 6A  RAA LA e e 2



ATA EHAHE TOCH TN et eesare e erenaes 24

484 EAE Mn N 24
A9A FFFoAY FOFHE EE  ercirrieiieieneeeee e 27

D I - Sy R TR 33
4 1A EJZ B TOC cteereenteiiiiiiiiiitieirienittteeeineeeneseeereeetenassnssnsnsnees 33
L. A4 F718k429 A 2 89 e e 33

2. HAF oA AR FIIEFEY B e, 34

A 23 EHAE Ml EE e aaaaanas 37
A3A gt EHAHETY FRFEY T oo eeeeenaas 38
1. 55 Aae] 2AR A25e T4 Q%G ZH e 38

2. AL 3 ( bioirrigation Dol 9 3F oA HE o]lE vninnnn. 39

B R B B it e e raa s 46
S Oy B < PP PRS 47
b N ] TP 51

—10—



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10.

11,

List of Figures

Sampling location in Masan Bay, Korea. .....e00040. 15

X-radiographs of core MAl-1, Bioturbation
dominates over primary sedimentary structures. .... 19
Depth profile of porosity in the sediment at MAl. , 22

Photographs of core MAl-2. Note three different
colors of sediment layers: top thin brown layer,
dark black middle layer and gray layer in the

bOttom Of COT@. tvvveereeerrsnsosanescossecennnnees 23
Vertical distributions of TOC and TN in core

MAl-1 (A) and core MAL-2 (B). veevenecennnnosnnnnaa 25
Vertical distributions of solid phase Mn and Fe

in the sediment core MAL-1. ..iivivveennnnnnenneness 26
Vertical distributions of pore water NO3 and

NO2 concentrations in core MAl-1 (October 1986). 29
Vertical distéibutions of pore water P04-3 and

Si(OH)4 concentrations in core MAl-1l (Octobex

1986). vivverineennnnnnn G 10
Vertical distributions of pore water NO7 and

NO3 concentrations in core MA1-2 (December 1986). . 31
Vertical distributions of pore water PO4~3 and

Si(QH)4 concentrations in core MAl-2 (December

1986) . vieeeereeeecnnnens e 1/

Solutions to fit the model (see text) to the
depth distibution of silicate for enhanced mixing
with no nonlocal tramsport and molecular diffusion. 45



Table

Table

Table

Table

Table

Grain size parameters of core MAl-1.

List of Tables

Sediment chemistry of core MAl-1l and

MAl-2,

Distributions of nutrients in the pore
waters of sediments and in the overlying
waters. ...

Parameters of the fit of Eq.9 to the TOC
w is 0.4 cm yr-1l.

data.

* s e e 0

coefficient.

Exchange of nutrients across the sediment-water

interface.

—12—

e s 0 e e

R is the correlation

13

21

28

36

39



A 1F A z

sediment—water interfaceo] X 2s& $7]&9 <k} AL benthic me-
tabolismg AAsE 7 2 Aoleh ey Mol mowe 7194
9o 2H L 27 A <A AU ¥} w4 87|22 (refractory particulate
matter) o] FRHIE FHE FE FAEz 2 FAHAA o] S waEchs AMlo] &
#2372 Yt} (Cronin and Morris, 1983). # Lo Westrich 2} Berner (1984)
tf Abslo] A 7l ekast o] AAZ AT (HApure
)7 A g 28 FFEER ol FH Uz FAszm
E3l, F471d R71F F  lignin-freedt 8 o] sl ofgHA
Al A s 7kE=rke A9 EHAvrl ¢glE 3o} ( Hedges and Mann,
1979).

rle
2
paca
rir

fl

sediment-water interfaceo| =23} <=4 F7|E29 wfHEHo] sedim-
ent-water interfaceo 4 £2 ulZ 2 949 A EZgoa 4AstEEx], &
<, HAEHA  AbstE =A o] HAMA= =4 o7k AUk Reimers 9
Suess(1983) 2  sediment-water interfaceol4] resuspensiono] Qx4 &
71et4o] sig2ue AFAE Z7kA47]A] 5o sediment-water inter-
face Ao« wjfgo] {rlEol stEce AL W3 dHoE A
&l o3 HAFe] zu FLLe frHaE F
5% AAeAREE dAdd 9% £9E SlHcr AyE 8454
ol A AbststAl @ Aeloh 9 27bde] AAl @Al mE JFL 4
g gE2d md fr7lEe] A REZlY AEZFold At HH A4
o Agtsz ¥ “‘}ﬂ]-/ﬂ—t— TH #Ee dIAANA @A = Aol

22 Fa AeE K72 At HAE eld o FejxEE o

—13—



Kol 41& electron acceptor 52 FFo] A FHAS AfolA o] Fof
Al ek weba Zabo]l 29 o] dejuAlHz wgE FErx » o
o 3 " dE°l AFASY A4sF &R Ho F4LEZFE &
whshA =

olgidt o7k S AFH R J12AEA dAF7 FYols gk

BN

sk e AEBYaEe Axdgel Az AF Yol wrFolu
e e dedelm, = AW SABFeE P K4Y §71%] Sof
Adolold ol E=olF oz A §2HY dAFEL AT
A7l de Fe Adeld B AFdME UHHoz Fix ZAE B
49 WAz sgch

2 FAAL HES BA A4 SRast ekt ol A AT e
S = ofnA bt wel AskHe] AEvkel AF Ao, Tl

A od #HAol FTITHY SEAEY FTE FEA JFE A HA

o

fo
rlr

7kell dgk Aojrh,

— 14—



A2 Mg Wy

H

M1E ZTAXRE U ZAPIZE

wpAbabol Al A HA (35°107 427N, 128° 34 30” EDell4 EHAE 4
g7 196 1093 129 F Aol AAH HAHYH (2™ 1. o A
4 o 9 (1986)50] Pb-2107 Cs-1379 HAgW FEEE A

o HAEE d2 v Ao z HALEE oldstHx L AHE £ 4

128°30 € 128°40'€
T |

CHINA /i

35°0'N

Fig. 1. Sampling location in Masan Bay, Korea.

—15—



H28 AMaxF ey

1. g4 &3 354 A3

HAE3 T34 ARe AT-EE ZQ3kd 19869 1093 129 7
ZF g A4 st Hoh ABAH AL Fo] (core) = oFE 2 A
o] 7.0emolzm Zo|7} of 50emql F3t olmU;oz ukFe]l Hch )
A Zde FA 2oy AEF AH e FAsE wEe]A Reeburgh
(1967) ¥  squeezer 8 AZHoh F54E HHAEE ¥ 2ex Aart
25 AH&shed (5-40 psi) FZ3tgch 239 w2l 447l Glass Fiber
Filter 7t squeezer o] AMEsigie 2719 + me] FF4E 7249 sec-
tion 0228 292 st FH AEEZA Gtk TIFFH oo
9 ML ¢St AS&  polyethylene £7lo] wopd EAZA7tz W
SHHE EEFHRL

HAE AEE AF FA YEAA AYAF v

-

o

_‘?‘_
A ¥ HAE frleta, A4 (TOC, TN) O 4o o] &sglch

2. X-radiograph A &

HAE 3oL AHFH3 3 dAoA YES AJAZ Lulsg o

3. 84 A
A QI AFTAAY FUERFY EEE A7 YA AGE)

=]

Glass Fiber Filter & Y #A71 polyetylene Fa}7]E& o]&3lo Az H

f

B 10, 30, 50, 100, 200 cm ozl ZololA HFABEE NH 3t ok



HM3E Alz2Muty
1. d44
S dAgFd FFEo Ue JUYFE  Autoanalyzer & AbE3HH

A 5e (&, 198TD.

2. §15¢& TOC, TN

T Zzd AEE e TS o' 6N HClIE  Aelsly
7] el4 (inorganic C) & A A3 thlo] of4 1152 12 A7AE ov-
en-dry 3 ¥, 43t oL, 7AZ7] (desicator) o] FA4 A AHzz HIYstg
ot o] A§Fo| Ff= TOC, TNL Perkin-Elmer Model 240B CHN

=

Elemental Analyzer & A}&£3}e] 23} )

3. HA4F AR HF
HAE <z ©lFL pycnometer & Ab-E-3sled  Bowles (1978) who] <

A =Rshg o

—17—



A3 A

H 1&d X-radiographs

Fo] MAl-19 HAZF &

rir
M
o
o
2
L
i
k)
i
32
£
o
i
e
0
[s5)
8
]

ograph 7} Ha FE gATAq S4dozE A3 AE iy EF
Mol et zgo| 9o 3te] primary sedimentary structure & 78 EEO]

fo} oA @tk AMAozE Eie4 sEez el A % =4 o

HEo] Wolxm = mFA EAol =He Ak A4F HAZAAE (Rl
21-34cm) SAZ delo zZAFA =EA deuAzt FEeAE (FHel

41-64cn) $Ag Hehel ZAZFDol 53] gastropod To| AF hehdel,

HM2H ENE UTEE

o] MAl-19 9= 249 Az (F1), A 4 77l clay size

o Hgo| 65%%F Wi sind size ¥go] 2%l mudE FFEC

Table 1. Grain size parameters of Core MAl-1

Depthom  Mean Size (¢) Sorting(¢) Sand (@)  Silt @) Clay &%)

0-3 9.12 1.85 1.9 28.3 69.8
15-18 9.18 1.96 0.9 29.17 69.4
35-38 8.87 1.69 2.5 30.1 67.4
44-46 8.92 1.65 1.4 28.6 70.0
61-64 8.82 1.49 0.3 32.1 67.6

Mean size and sorting value were calculated according to Folk and Ward
(1957).
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Fig. 2. X-radiographs of core MAl-1l. Bioturbation
dominates over primary sedimentary structures.
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Fig. 3. Depth profile of porosity in the sediment at MAl.
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i

5 10 . 15 20 25 30cm

Fig. 4. Photographs of core MAl-2. Note three different colors of
sediment layers: top thin brown layer, dark black middle
layer and gray layer in the bottom of core.
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Table 3. Distributions of nutrients in the porewaters of sediments and
in the oveerlying waters,

Core MA1-1(October 1986)

Depth (cm) Interstitial water (gM)
Top Bottom  Middle No3 NO3 PO% - Si(OH),
0 2 1 83.0 1,17 97 306
2 4 3 75,7 1,17 115 361
4 8 6 107.8 1.00 129 328
8 12 10 65.2 0.58 96 306
12 16 14 38.7 0.60 83 361
16 20 18 90,6 0.25 76 273
20 24 22 133.7. 1.08 67 273
24 28 26 83.5 0.75 69 306
28 32 30 76,3 0.79 65 287
Core MA1-26 (December 1986)
Depth (cm) Interstitial water (M)
Top Bottom Middle  NHj NO3;  NO3 PO~ Si(OH),
0 2 1 50 39.1 0,34 ) 150
2 4 3 72 68.8 0.72 31 232
4 8 6 114 76.2 0.87 68 284
8 12 10 156 32,6 0.51 76 336
12 16 14 189 26.9 0.58 97 287
16 20 18 207 52.2 0.79 88 282
20 24 22 177 106.0 0.41 73 222
24 28 26 174 81.1 0.73 41 107
28 32 30 151 33.8 0.79 66 219
32 38 35 121 61.3 0.21 56 268
Overlying Water.Depth (M), depth in cm above bottom .
NH3 NO3 NO; PO3- Si(0H),
October 10 5.7 0.89 1.74 11.1
30 5.1 0.73 1,55 8.9
50 5.4 0.97 1,73 10.6
100 6.7 0.83 1.76 9.5
200 4.6 0.83 1,64 10.0
December 10 49 14,5 1.64 1.85 10.3
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A4 IF
H1d EXE TOC

1. &34 fr1edxd dAix =z H9
ANAEHE 2 POCS incorporation§ Jsit A4 (1) (20 & o] L3}
o d¢ F Ade ¢ P$AY 1)L  sediment mixing & zHdx e A

ol wWA4 (2)= sediment mixing& 37t (Walsh at al.,1985),

Js1 =Wo GOl — @) wreeecemmemrcnseinirinirternnitenenee s rtreeennenas (1)

Js2 =wp Go(l —@ )+ Kp(3G/0Z)7-90 (1 —@ ) cecceceeeneancs (2)

o714 wg EAH gl P& porosity, Gog EHAHE FZo TOCEE
Aozl
Bic, 55 FEAEE (o] 9, 1986)0] 23} sediment mixingo] A

23l o
z

ojzz K+ sediment mixing coefficientolr} 7z ZA}LA Ao A

itz UE Aoz Holm, m s|HE 3:0]9 x-radiograph A
22

gl

C doluvd EHAHE AR EE HAFHEE sediment mixingo] Yo}
2 e A Er zd 9, AR BdAY AT J1EY A
82 H¥ sediment mixing coefficient & dojuir|= ol L Aoz H
“2_"”}. wtet4]  sediment mixing & FAFzm WA 1)& o] &3y A
conservative 3t FAHE& sl 4 db gt 2 AIE Fo] MAL -2
off#1 0.84 mol Cm?yrlojzm o] MAl—1o4 0.68mol Cm™?® yr'7}
dojH A whabubel ZAMH Ao A HF0.76 £ 0.1lmol Co?7} »id S5 C-

olumeoz $E #4 HHAEFZ FFo| Hrkw ¥ F Udleh



2. HAEU A YA frlekae]  Abst

HAZUo4 TOCY Asleke sediment mixing & &ALz o7
A daza A== Ach st sediment mixingo] oA AFd  wie}
ol o dHA UA @yl wFoich ABAH A F7H(40emdo] AHA

4  remineralized® % TOC? ¢, Gr-g,

~ (Go—Gb)
9% Gr= e L (3)
olz. TOCSH 4bshg (Jd) &
Jd:wp(Go—Gb)(l—q)) ................................................ (4)

o]t} (Martens and Klump, 1984). 7|4 Go9t Gbt HAE FHAgkz 4
gA13 F7kel FHFelAe TOCEZolvh, ZALH HolA Gog 4.37 %
0.67%°] . Gbi: 1.55 £0.14%°]ct, wAA (3) < ozl TOC FI&E
Foll AH&shH Grkg 65%clch. §F HZFol =93 TOCO 65 %7t 40
mF7 & 100ed Zrl AMA Al sl AL ojuldich A4 @)
£ ol&3 Jdao H%e 0.49mol Cm?yrto] Hep zejy  HFESNA
1z Aol AAM oz A HEY Aoz HolZz oYl4 Ags Go
Aole A7 A& 7 s ' 2] E2F

% o
W2 d4zoz 2E wola AMIT Aol ohjet o odm HAT &

9AE frses $$4FE GNU%d AzA xHo| Berner(1980)

o] steady state diagenetic model & o] &3t A X =AU}

2
gzci —wgcz;—kcG:O ............................................. (5)

K



o]7]4 KX Sediment mixing coefficiento]m 2z sedimentwater inter-
face 2 2ee] Az (oll% $Fo2+), wi HAE, 282 kok #
714 Go  1& whgAerolch of#lef & boundary conditionof A

24 (5,

boundary conditions
G =Gy at 2z = 0
G- 0 at z — ®©

°olm Gz = Go exp(Bcz)

d74 Be = (W—\/(W22+K4kc-k))

28l Go& sediment-water interfaceols TOC9 Fxo|t}

22y Yubd e TOCFEyF 008 =7 HrlE “equilibrium” FEZE
e Al EEolr}t, o] background FE+ YulH o u|AFo QdA o
Ab7b =% ¢ EbA (non-metabolizable carbon) . oAz YTk o
714 “d A7} sE= (metabolizable)” 3  “dj A7} =2 ¢+ (non-meta-
bolizable) ” ojzt= &olE TOC <7 FEo|4 operational 3t4 A

9d Aoloh AasA SE folmad EHE B4 G0 dUs
GZ =Gnm+Gm,o‘ exp(BCZ) ............................................. ( 7 )

o)z 7 G,pe WASA @E TOCOZ G, ok sediment -water

A

interface o4 ©jAtgEl+= TOCSE]

o

%olth, Gu ot Folzold dAEE
TOCY ‘FEolc},

ulel  sediment mixing o] FAjsichH  wAA (5) &=
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aG

-W _;)T — kC-G = () eeesccceccsceccrconcessiitnccerncavncacesotonccreas ( 8 )
2 sz, 434 (8% olef9 boundary conditiono] ojsjA E=
boundary conditions
G = Gp,, at z =0
Gm,o — 0 at Z —3 OO cssecccsccecescrcscscesccsccscnes ( 9 )
GZ = Gnm + Gm’o exp(BCz)
0:17]K'] Bc = -kC/w
2y oA A g3 uiel mERsER|E o}R  sediment mixing  coeff -

icient 7} g8z UxA| Yowmz
et

B4 (99F TOCHRF HIFo HLS

wetd dojal ke g Az FAol = Aol Beol W@ e
least—sqaure fit& o] Hz. gdolo] TOC 43}
4 ko7t Ydolxzm TOCY residence time 2 ke H524 dojz
th(E4).

TOC 3 F

>

Table 4. Parameters for the fit of Eq. 9 to the TOC

data.w is 0.4 ¢emyr~!
R is the correlation coefficient.

Core Com @)

Ga,o, @8 .B(em=') k(yr~')  z(yr) R
MA1-—1 1.65 3.19 -0.07 0.03 33 -0.93
MA1-—2 1.45 2.45 --0.08 0.03 33 -0.92

of Helld HRo]l frIvkES A8 wkE 4T ke® 0.03 yrlojm

o_};
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50em o] EAHZFAAY YAY FrlekES FARAZGL HF 3099l o
ct.

HM2E EXNE Mn BEE

gutg o2 oot FHFollAe EZE HAHEL 271 diagenesis T Yol
U 23 #HAH9 AAZA Mno] enrichdAd Ho olE HAEL

Q24 Mnel burial ¥} dissolution, £&4 Mn<9 upward migration,

rir

28z HAE Eold A4 Mao AAH Foloh 2Y6olA H o
HEe Exed A4 Mol s We ke dshim oldZez 2
F5 Fbehe F4e vEhdold whd 2o ol em olsolA =HAE
AA4 Mnol kAL ol (F o o4 FrtA derhd) B4

Mn Ak8l8o]  §7]4-2] Alsloll electron acceptor & AFfo] Ho| Rz
2 7 dnh 23y ole FSFHY NO, 7Y siksAelA e A
ARFo= Mg wx] @A drc(Froelich ¢, 1979). 51 =4 Mn 9
FRAEgE (886 )7F A AddAolzlbe]l Mn dissolution layer 7} A

3 Z& Ao Holty =2 E, Mn9 recycling54S st whabubol A
Mnol QA f71%kee] skl | Aol % Hog molxgk &6 e Aast el
o 7jx] HFL HFSok & Aol ‘o R, frlekio] early diagenesis 59k
MnO, 9} NO;~ 7} electron acceptor 2 22X = 7 $-o] energy vyieldo|+ 2
AR Agol Ezlole gleh sHEAHU dEZ2M dAY {718l glucose
2 5ol 9tz W standard free energy aG°ol Mn 4t3HE©°] Birn-
essite 7}t Ho]m  -3090 kJ/mole o| 3 Nsutiteo]= -3050 K]/ mole,
283 Pyroluciteo]™ -2920KJ/moleolc} = NO3¢ A% <4AH3] N,

2 39 sl= 7# %o standard free energy 7} -3030KJ/moleolx gt



%ol NO; 9 U¥7t NHy 2 #4lo] sl A9+ -2150KJ /moleo] et
(Froelich et al., 1979). 22| B2 o] QAFo4 de FZFFue NOj
ot HAE A Mn B2 AESF ASAAYG FAAAAA LA A
A A Fgtebd o EE9] MnAlsHE-2 Birnessited Ao|cth o3 AL
& AAZ dohhyl HstddE doz HE AT AFrh AYPHofol
¥ Aol ojA 7R W EAQ ZAllA =g e Ee Mo
NO,” ot} 43 AATAE o FedE dFFAs Aol

o

H3HE st EXNIS7e el mat

1. SEAel 2AR AZFY IS d9dd =
sediment-water interface ol 4]9] <Jokde]l Az flux= T ol A9,
diffusion 3 advective transport o &3} Zlo|c} (Lerman, 1979).

aC

——¢D9Zz 0

e ] § O O '¢1))

o714 F& fluxo]lw. D sediment diffusion coefficiento]t} =g
2 Ue "HA4%Ex Ct N4l HE HrEL b

o714 92He A3 molecular diffusiono] o3 fluxo]z Fulx)

ook

1o BI4e advectiono] & otk mo] MAl-loju zo] MAI-
2014 dojzl HAE EE FTIFU dPAF FE HAL w29l

Ae AZATFAAY FFEF FEE vz EH AZs Tl dUgd
1

o
off
bt
N
23]
ol
Am
0
o
=
<
2
1o
of
oS,
uleh
1o
0
frt
lo

1099 ©lxx Zs=mz
D/Azg U, & ot 459 A9L ¥z Yomz o 27x ZHg

o] FQ9A4E& vwmdlEd Abgo] = 47} 9t} sediment-water inter-

faceol| /] FX 7 A} (concentration gradient) 7} wHgk 10wm AgolA oz
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gz Hy m= D7t & 5x10°# SR AY F doBm=E D/Az

9 w7}t 5x1077m S (Bemyr™t ) 7b =) 2ARGeA EHAHE Us

0.40m yr* (]98], 1986)0lch wakd D/ Az Uelek o Apdg wA4Y
@) o4 diffusional flux D(aC/az) §o] FIF<olA2 advective flux UC
gol WA T4 Fashe AL HdZch 2A44Fd4 2o A 9
Ao diffusional fluxi: <UubH<el asi<rol+]e] molecular diffusional coe-

fticient(Lerman, 1979) & Ar23ld ok oz A Asld HEb50 7535

9 Aubdoz RE z4d AGAFE AA HHER H dAFR
gsol e Awe Hao

Table 5. Exchange of nutrients across the sediment -water interface,

Sampling Period Nutrient Diffusional Flux(gmol ¢m?s™D
October 1986 NO,;~ 1.2 x 107

NO, = | 4.5 x 107°

PO, ~® 4.9 x 1073

Si(OH), 1.1 x 10t
December 1986 NO,; ~ 4.0 x 1078

NO, ~ -2.0 X 107**

PO,73 2.2 x 107

Si{OH), 5.3 x 107

* flux into the sediment

2. AERA (bioirrigation o & JFAF ol F

Fo] MAl-1o4A NO, ¢ F%7} sediment-water interface o 4] o}ejZ



Welzd $5 F43 4} o]y  denitrificationo] Yojuym &S
B Foh @™ HAE Mno gkl zmo] zlojrt Fbgtel wek s}
st7le sHARE et deficit & Mo F7] o] denitrifications}
obttE Mn4tstEel #gle]l Fd w4 E FAE&dels Edo] gle Aol
z22v NOy~ 9 3 F2Ze HWdx % 2EE Holm U &
g ol Ao FHgtEe] £ sk Q). steady state diagenetic 27  o}al o 4

+ NO;~ &= denitrificationo]] 2Jg]4 XFHoZ Ftidle £

")
He
b
i

Hojob 3%t} (Vanderborght and Billen, 1975). 7] MAL-1of4 dojz NO,~
o] #3* EZE non-steady state ZZ{o|4 v &= % YA} non-st-

cady state 27102 27b1 A$E £ + ddEd 2 WiAE I

o] ehdre Aol del A wz g9 a4 NO,m 9 B

A A

7 4oz ¥ o HAol HYAW, mE o Zoldd Frlmka
=2}
=

ol
Hir

Ay ojw o]FZ microbial populationo] )4
NO;~ o 4w]7h 2 $1%Folvt =2 ofdl% ®eh Hol4 ojad Fegs o
Bl &= 7 o]t} Vanderborght and Billen (1975)9] %3z Eelo]| 93 w
24 2 NOy” pulsestm £ WZ Al g Ho FUoh webs o)
A &4" NOy, 9o #7 £
oleh, kst zE9o HAlo] HE2 Zolsb 0omelz EHAgo] 0.5
—1.0cmyr7tolol A whatul Wo] =HAHE =Ay E43 dE 4o Fcim

Hobd FuE Aoz gzl =7 ool

S22 steady stateo] Utz Holx = A

RN

HAEAAq NOy~™9 source v 43tata Zgo] 93 Holct}, autotrop-
hic nitrificationo] NO;~ 2] = biochemical source ©]5 Nitrosomonas
of ¢J&j4 ammoniaz} nirite 2 4Ats}s]z t}A] Nitrobacter oj 9} 5] 4

H& Askslol4 nitrate 2 sloh ow  ammonia® AbShAIFl v Akt
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el ek
NH,* +20; = NO;~ + 2H* + H,0  coeeevesemcennin ¢1))

Z g2 47} 5ug-at/l ool glojof nitrifying bacteriaz} &
stAl =l md < 2ug-at/1 o3t Ak FE7F R FHolop  denitri-
ficationo] <ol < ¢lr} (Carlucci and McNally, 1969 ; Cline and Rich-
ards, 1972). wzkd o & 234 AR FHY F gk F T
Yeld Zole) ¢ ZolAE nitrificationo] deojipof Ftx, HE TR}
A7t dojo dtm, 2 dFolAE  denitrificationo] dojvop Fhrh
Abaz7b glofok  ghek

=22l% o]  nitrification zone o] k&S] FFL& AGAH o] FfA 7t}

N

2A7 sk HAEYAY Mo AsEe] FHEE(2H6OF 2 A
Ag MHTF7 40-500m FololAE Abarl Qe suboxicd Aoz Hel

o 781} NO,~¢ Si(OH),9 37 £xZ vwsl = NOy 9 F&

[N

Z  denitrificationo] Uojup= = Aof4 Si(OH), Fx° FHE, NO7
29 % nitrificationo] UeojyE A Ael4 Si(OH), 9 F&£F
Holth silica: A &3}3d diagenetic processeso]| #oI5tA] ofw o}
ab EgsietEel whgo] ot Hv] WEel HHES zolst Frkete Hl
upeb] = gH oz Zrlsted] YAT Fhe]l o2& Zo] HE-o|c} (Berner,

1974). waky ol & EAgFol|4 silica sink 7

_,_.
M
ol
ol
Y
ofri
of
Ok
K
°
L
o
L
d
22

diffusion ol tHatsle] nitrificatione] H o3 ALE FFH F 471 A

A = Zelck wheF Eelel w4 (tidal mixing &)l o3 Zleojhd
-7
il

9 24T Ax: Solg HETz/ E3 HAwd FTasel vehil

9 gloleh zANS spdateld dofxl zel AEeldE Eeln FE

g

& Alo] oftJmZ burrowing benthic organismse] 2|3l F7k Zo]l & ov-

— 41—



o] 92 o]t} (Grundmanis and Mur-

erlying water 7} inject ¥ & g}

2=

ray, 1970, olej@ HAE FIFUAY LEHFEEY FHARLIN =
4 S0 vdede BRd d4EL oddly] A= nonad jacent vo-
Ime elements 7}2], ¥ sediment-water interface of 4 o]z 243
overlying water 7], m8g o &3k Welo] oA ok o g
g IS ST Aoz 7} 7}  macrofauna 2] burrowo|c} Aller
(1980) = radial diffusionoj| 9 aj4 vertically oriented burrows =
L& IS¢ overlying water 7} w3E: 2l g urstg ol verti-
cal molecular diffusion o] w]8j4 9= 33 (enhanced exchange)
< sediment-water interface o}zjo 218t burrowso] a4 di-
ffusion distance & 7Zt4&3to 2y o|Zsz|c} & burrows &+ overlying
water o wl2A| FTSFE wddtd, Aller £ 29 modelo] ZI4)
$E %= FH5E FE9  sediment-water interface ApolofAe] f lux
T A& d A¥sde AL oo zEt Allero Ewe x4
A% 4%d A4, ol S" burrows] w77

Ael, A% M4UE & LF%ck nonlocal exchange & A o3t
= o RYEZE “biopumping”e] Utk (McCaffrey et al., 1980).
burrow® Edte AANHEE Solok H4E LHwd dAstel B
557} sediment-water interface & &ste] 2 oF advection
£ 3¢ wodh o 2de boxmodels Fz Hgo] =AUk 2 4
A AEe dzs FFFY &3y $yizay B @izl tran-
sport parameter & o] &34y, *Na9 in situ incubation e o g
(McCaffrey et al., 1980), =X =l A T4 Rpne &=z
A2 AMg-3le] (Callender and Hammond, 1982) $EFHY flux & o=

shedl ARSE Aok HZol Boudreau(1984)= utd  burrow wall of] 4]



Aller(1980) 9 dC/dr st linear approximation o] r}53lthH,
Aller ¢ radial diffusion model o] biopumping model 8 irrig-
ation term @} H|<<dF term< 7} nonlocal source model & 7}
&3t F AFE Eo FUch Emerson 2(1984) o] oA A kd no-
nlocal exchange model 2] # A& burrowing organismeol w3 W& x4
of glol BA4e BT FHARZ FET 4 Ashe Mol

Emerson ¢/ 2] 7}435}5]  nonlocal exchange model -2,

aC aC 9:C
2= = w?z—-p[)s—a;?_a(c_%?_q}).q_}q ............... (12>

BE:

o7l4 we EAHE, Ds+ Fickian 382 sediment diffusion

>

coefficient, a+ Zol9} F3H3 HAo& 715+ nonlocal sourcey
e

watero| 49 5%, ¢ porosity ©]32 RE reaction rate termo]t}

sink & H7sl= dH %= rate parameterojcf, Co& overlying

of WAHA (1ol FI5e gure 374 Hez o Fo mch FI4
o] HofdE Fofa Si(OH), 9 =%+ biogenic silica?d £3l9 mi-
xingol @A AAel 7l el Si(OH), o T LLr} o
2o g AH&stew o] Lol =ik biogenic silicad &de I A
Si(OH), 9 =% (Si)9 asympotic value (Silao] 3le] UxpupSo
2 Ad A= A (Hard, 1973).0F 7}Ho] =l opal dissolution rate &
2x 1077 st 2 dupHel H FHAc A 7k (Emerson et al., 1984)-& A}
goidch advection® EHgol oA (Lol A FE uep o) i
74 (diffusion 2} nonlocal 28} Yol wHls4 FA=dct wA 2028 steady

state 27 o8& il m



2 oA 22,

92(Si)

0=Ds —5,3

a([Si) — [Silo/¢) + k((SiJa — [Si))- (13)

o]z, 7)o t§3 boundary condition &

(Si),  =C(Silo/¢

aSi ) _
Jz 2=2a =0

olck A7I4  za& (Si)9 Fast WASE Foloth :e] MAL-1, =
o] MAI-20|l-% A3 Aol Si(OH),2 asymptotic value7} HAFZ %
o}4  curve fm;ing% st 600pMS [SilazZ 7HAHIH =, (SiloZ
10uM (EA" DS AHgsieh Ax A5er =wle Azrh 23 119
et Qe

o] ®mle] exerciser AHAZHozZ ofw HHol JFTFH JFEF

»28 AAGEANES Solusl 9 Aol Uch HusE YelAE ofeid

Agehuh olfol AEe BUHA wWEolth ovl4 @AAA Az el
# AL Si(OH), 8 Bxsb AA Hoks AA ek shsdel E
£ AMolTh ueld AESE WEAHE SA4Y Euel HYm  Holw

4 dZo|x depolymerize & FH3I A7kE zbx] X3SE7 @ ol oh
(Macdonald et al.,.1986). =z2{yv o 2uALo] HPYL HES A
4 YAtk & sediment-water interface of 7t7bg Si(OH), 9 =&
= molecular diffusion- coefficient 7} A} wloint 7}z3Y F7F
Zolol ox FA£zE wEr] Yel4e diffusion coefficient 7} 10

] Az 2 Zolzxoful 3dtr}h o]zl ARAel wiE HAE A4S sediment
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Model Curves
- K = Moleclar diffusion (5 x10°€cm?S™)
--- K= Enhanced mixing (5 x1075cm2S™)
o Data Core MAI-1 (10/86)

Fig. 11. Solutions to fit the model (see text) to the
depth distibution of silicate for enhanced mixing
with no nonlocal transport and molecular diffusion.
-water interface

7}7tol ol 4] 8]  transport = molecular diffusion
o] zjujAo]z <

L.

nonlocal process =

Y4 ot Zolx Yofudrhn

sediment-water interface Hrt}
XAt} nonlocal

A HE

ol IA AR e A7tel

term? =7l HEF 1 —
4x1077 sto2

A& Si(OM), o ¥= 4 ¥z}
Aol st LubEE fluxd ALL Fu
sojof @ Zolck '

T T
A



A5 A =

2 AFlA dehd Aze dew P

BN

AHdAH MAlolAe gAd8e Ag AE a3 Zuisio4
A%z Urk ZTHeA TOCE 4.37%0lz TNL 0.6%o|n 54
=2 C/Nulz ZZolA ¢ 8olz AZel4 11Axo|th ez gA

o uxE o 2.6¢cm~%o|c)

2. ZAEAAA 4R R71EC] 0.76 £ 0.llmol Coi?yr? Ax st 4=
o2 FH Az z=se Aoz Jvedm 2F 65% bl (o

0.49 mol Cm? yr™) 40em Zolo] o]2:=

o M
rO
>
_ﬂ
o
rir
o
[0
fru
L
Ruj

seh 40-50eme) SHE Zolo| A9 Rleksel A3k A4E  0.03yr

ol . AF AZ+e | F 309 o Mo

3. FF4e ode] Fmb AxFol wad A 20« b poba
FFLF A Fold HF 4 sle] UoE Ho2 Hom e
= %

A3l= 83 AR+ nonlocal exchange
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