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ABSTRACT

Sixty five samples were collected from the eastern and western banks of Mosul lake
at submergence levels of (303) and (327) (m.as.l) and analyzed for ten irace-elemenis
(V. Co, Ni, Cu, Zn, Rb, Sr, Zr, Mo and Ph).

Four trends of variation in the concentrations of trace elements in the sediments of
the lake and at both banks were observed. These are: (a) Increase at both (303) and
{327)(m.a.s.1.) levels; the increase being more at the (303) level (V, Co, Zr, and Pb at the
castern bank). (b) Increase at both levels, the increase being less at (303) level (Zn). (¢)
Increase at both levels at equal or almost equal amounts, (Ni, Cu, Rb, Mo, Pb at the
western bank) and (d) Decrease at both levels (Sr).

From the trends of variation, it may be envisaged that four factors were affecting the
variation in concentrations of these elements within the sediments: dissohmtion of the
relatively soluble mineral phases (carbonates and sulphates); mechanical removal of clay
size particles (clay minerals); addition of organic matter and fourthly the slope of the
banks.
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INTRODUCTION

Mosul lake is the largest reservoir lake on River Tigris. [ts maximum storage
capacity may exceed (13) billion cubic meters. The surrounding rocks belong to the
Fat’ha (Middle Miocene) and Injana (Upper Miocene) Formations.

The Fat’ha Formation consists of repeated cycles of gypsum, marls and carbonates,
whereas that of Injana Formation consists of sandstones, marls and conglomerates.

The rocks at the western bank of the lake have a very steep slope which otten takes
the form of a cliff, cutting through the rocks of Fat’ha Formation. On the other hand, the
rocks and sediments of the eastern bank have a relatively gentle slope, not exceeding (30)
degrees.

In April, 1987, the water of the lake reached a maximum level of (327) meters
above sea-level (m.as.|) and stayed at this level for almost six months, then dropped to
{315 m.a.sl) for about {12) menths. In November (1988), the level dropped to (303
m.as.1) and staved at this level permanently,

The purpose of this work is to find the concentrations of ten trace elements (V, Co,
Ni, Cu, Zn, Rb, Sr, Mo, Zr and Pb) within recent sediments of the previously submerged
(305) and (327) levels at both eastern and western banks of the lake and to compare these
concentrations with the unsubmerged part of the lake.

PREVIOUS STUDIES

Al-Nagib and Al-Taiee (1988) investigated the effects of transported sediments in
the north-eastern part of the lake comming from Faida and Bugak valleys. They
estimated that these transported sediments make up around (10%) of the total dead
storage capacity of the lake,

Al-Rawi et al. (1990) investigated the pollution in Duhok valley and its effects on
the quality of water in Mosul lake. Al-Kawaz (1991) studied the effects of erosion and
the geochemisiry and mineralogy of the recent sediments within (305) and (327)
submergence levels of the lake. He concluded that the source of most mineral phases of
the recent sediments of the lake is from the surrounding Fat'ha and Injana Formation.

METHODOLOGY
In November, 1988 and after the water level of the lake has dropped to (303 m.a.s.1)
(96) samples representing the formerly submerged recent sediments at eastern and
western banks of the lake from (303) and (327) levels were collected (Figure 1).
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Fig. 1: Mosul lake, with sample location.
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Of these, (63) samples were chosen for analyses, dried. and each sample was
divided into three parts. One part was kept as a reference; the second and third were
ground and used for mineralogical and geochemical analyses respectively. All analyses
were carried out at the geochemical laboratories of the General Company for Geological
Survey and Mining, Baghdad, Irag.

Ten trace elements (Y, Co, Ni, Cu, Zn, Rb, Sr, Mo, Zr and Pb) were analyzed using
Phillips, XRF Spectrometer. The pellet method of Nomrish and Chappel (1967) was
applied. The results of analvses are shown in Tables (1.2,3 and 4). Table (5) shows the
mean values for the concentrations of trace elements at each submergence level, as well
as for the unsubmerged part of the sedimenis of the lake.

RESULTS and DISCUSSION

In order to understand the behavior of the studied race elements during successive
submergence of sediments; and in order to explain the variations in concentrations
between different elements and variations of the same element at different submergence
level, it is very important to know the geochemistry of these elements in sedimentary
rocks. A summary of the main distribution of each element is given here after:

Vanadium (V) is mainly concentrated in the organic matter; in the residual fraction
and in the clay minerals (Tenyakov, 1963).

Cobalt (Co), nickel {Ni) and copper (Cu) are mainly concentrated in the clay
minerals, and in the heavy fraction including the sulphide phase. {Webber and Middleton
1961, Nicholls and Lonng 1962, Degens 1965, Aljubouri et al. 1994); Zinc (Zn) is in
dolomite; in clay minerals and in the sulphide phase (Mason, 1966; Aljubouri, 1972).

Rubidium (Rb) is concentrated in the clay minerals {illite): in K-feldspars and in the
micas as well as the heavy fraction (Goldschmidt, 1954; Viasov, 1967; Krauskopf, 1967).
Strontivm (Sr) is mainly found within the soluble phases (carbonates and sulphates),
(Hirst, 1962; Turkian and Kulp, 1965; Aljubouri, 1972).

Zirconium (Zr) is found in the heavy fraction (Hirst, 1962; Al-Ubaidi, 1984).
Maolybdenum (Mo) and lead (Ph) are concentrated within the heavy fraction including the
sulphide phase (Mason., 1966; Krauskopf, 1956; Aljubouri and Sulayman, 199§).

Al-Kawaz (1991) has found that the mineralogy of the submerged and unsubmerged
recent sediments of Mosul lake consists mainly of carbonates (dolomite and calcite).
quartz and free jron oxides (mainly hematite, Fes0;) together with the clay minerals
(illite, chlorite, kaolinite and motmorillonite).

Because of similarities in mineral phases between recent sediments and the
surrounding rocks of the lake. Al-Kawaz (1991) concluded that the source rocks are
mainly from the surrounding Fat'ha Formation (Middle Miocene) and to a lesser extent
from Injana Formation (Upper Miocene).

It may be envisaged here that the submerged sediments of the lake are subjected to
four factors ; these are: dissolution of the soluble mineral phases (calcite and gypsum,
then dolomite to a lesser extent); mechanical removal of clay-size particles from
sediments and hence accumulation of heavy fraction minerals. Accumulation of orzanic
matter. due to the decay of algae , leading to the formation of organc-metallic complexes,
and fourthly the slope of the surrounding rocks and sediments . The lower the slope of the
sediments. the more area is exposed to submergence.



The Effect of Submergence on the Distribution. ...

Table 1; Trace Element Analyses (ppm) at Eastern bank, 305 Level
(30SEA), (n=15).

| V |[Co| Ni [Cul Zn | Rb [ Sr Zr Mo | Pb
EAl | 142 ] 11 | 195 | 28 | 33 37 155 166 6 7
EA2 163 8 | 50 | 29 | 26 24 | 193 78 3 15
EA3 180 7 | & | 25 | 10 | 20 | 231 51 3 3
EAd 145 | 8 | %8 | 23 | 22 35 | 221 83 3 b
EAS 165 | 9 [ 208 | 32 36 36 | 319 | 100 3 11
[EAG 2320 | 27 | 290 | 29 64 50 | 210 | 136 7 7
[EAT 180 | 21 | 320 | 27 72 61 | 214 | 168 14 a0
EAS 200 | 26 | 230 | 32 64 | 48 | 231 136 7 17
EAD 210 [ 21 [ 280 | 36 74 53 | 214 | 143 14 a9
EALD 350 [ 8 [ 340 | 29 7 | 41 [ 295 92 7 5
EAIL 124 | 3 [ 1o | 28 [ 23 64 | 167 | 191 A 5
EALZ 220 | 7 [ 160 | 33 33 |41 [ 284 | 134 s 32
EAl3 270 [ 7 1280 | 3 43 27 [ 1013 | 98 3 i
EAld 220 | 5 | 200 | ¢ 30 | 20 | 193 30 5 23
EALS 200 | 12 | 250 | 47 75 51 130 75 5 36

Table 2: Trace Element Analyses (ppm) at Eastern Bank, 327 Level. (327EB) of the
Lake (n=14).

V | Co| Ni Cu | Zn Rhb Sr Zr
|EB1s | 230 | 7 205 31 67 52 171 135
EB 17 210 | 7 152 19 13 1M | 27 47
EB 18 28 -9 B3 25 12 ] 10 | 299 46
EB 19 e 205 27 34 | 33 240 87
EB 20 104 ) 21 | 230 3l 104 | 44 198 137
EB 21 192 (| 9| 160 | 28 40 27 190 94 |
ER 22 21| 17 55 | 37 40 55 193 118 |
EB 23 186 | 8 260 29| 712 54 217 154

MMQ\MG\UIUIMUID‘IUIUIUIUIE
—
“n

EB 24 240 | 8 430 37 | 92 66 519 105

EB 25 240 | 11 180 34 == 38 878 119 40
EB 26 140 | 5 32 19 13 19 221 12 6
EB 27 145 | 7 230 24 60 35 176 131 5
EBE 28 170 | 7 310 36 43 27 521 54 41
EB 29 120 | 5 250 28 75 108 220 75 5




% Zeki A Aljubouri and Hazim A. Al-Kawaz

Table 3: Trace Element Analyses (ppm) at Western Bank, 305 Level (305 WA) of the

Lake (n=22).

SN v Co Ni Cu | Zn Rb Sr Zr | Mo Ph
wal 5 15 140 15 11 10 170 11 | % 5
WA2 240 18 330 37 56 49 170 6 | 7 9
WA3 230 15 330 28 48 30 220 57 5 40 |
WA4 220 18 320 32 52 44 90 106 7 o |
WAS 145 | 15 250 25 51 43 220 | 120 7 [
WAL 41 29 145 23 26 21 740 i) 7 8
WAT 58 15 154 29 16 10 480 68 5 5
WAS 58 25 144 22 26 18 740 68 5 5
WAG 78 15 180 22 18 | 17 170 73 7 5
Wall | 380 16 250 19 53 [ 34 170 | 118 5 | 21
Wwall | 80 15 162 28 23 | 25 130 94 6 | 5
WAl2 | 48 i5 | 160 21 19 1% 100 81 7 5
|'Wall | 58 25 | 100 26 20 13 170 54 5 7
Wald | 7 20 | &4 26 13 10 | 480 33 7 3
WAL | 34 20 36 a1 16 11 130 | R0 5 5
WALG | 11 21 200 | 20 22 24 220 800 | 7 5
| waAlZ7 | 19 15 40 | 32 20 27 00 | &0 7 9
[wals [ 100 16 1g | 21 6 29 260 113 3 5
WaAlS | 110 i7 110 19 32 35 B64 | 195 3 o
WAZD | 330 30 330 70 106 64 130 | 137 7 25
WAZ21 | 330 48 360 62 1315 73 260 164 | 7 il
WA22 | 340 | 32 340 62 | 116 76 191 138 | % 20 |

Table 4: Trace Element Analyses (ppm) at Western Bank, 327 Level (327 WB) of
the Lake (n = 14).

Vv Co | Ni Cu Zn Rb S | Zr Mo Ph
WB23| & 5 5 16 10 10 130 | 10 3 3
WB24 | 390 11 | 360 | 4 93 51 170 | 93 [ g
WB25 | 165 8 192 | 25 | 43 43 570 | 103 5 13
WB26 | 142 12 183 18 | 20 17 170 | &2 | & 5
|we27| 40 | 17 41 20 | 12 17 | 190 | 358 5 5
TWB28 | 36 16 98 75 18 10 | 200 | &7 5 3
iwsB2e| 140 | 22 130 | 29 36 25 |.220 | 72 5 16
w30 | 14 16 50 28 20 10 | 420 | 57 5 5
WB3l| 7 15 25 24 12 22 188 | 55 5 3
WB3z | 11 18 44 29 21 | 30 153 | 112 5 3
WBaz| 22 19 | 260 | 20 70 59 140 | 118 5 5
WBi4 | 220 16 | 90 26 42 32 | 1300 | 115 5 24
WB35 | 280 18 1305 ] 50 | w6 | 72 170 | 140 [ 3l
WB36 | 300 | 20 | 345 | 34 120 | &3 189 | 141 5 36

Examination of Table (3) reveals that vanadium (V) comtent at the eastern
bank of the lake is higher at (305) level than that at (327) level., this is because the (303)
level has remained submerged for longer period (18) months than the (327) level (6
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months). This means that more organic matter has accumulated at the (305) level and
more removal of clay—size particles and the concentration of residual fraction. These
processes have lead to more concentration of vanadium at the (305) level, compared with
(327) level.

Table 5: Mean Values for the Analyses of Trace Elements (ppm) Within (305) and
(327) (m.a.s.l.) Submergence Levels of the Recent Sediments of the Lake Compared
with Unsubmerged Parts.

I_Sedimen' vV | Co | Ni [ Cu | Zan | Rb | Sr | Zr | Mo | Pb |
It |

EA 199 | 12 | 208 | 31 a7 | & |23 [ 112 | @ 23
EB 184 | 9 203 | 30 | 51 41 | 289 | 100 | 5 15
*EC 140 | 7 | 152 | 20 29 | 23 | 303 | 80 | NWD.| &
WA 136 | 21 | 195 ] 30 | 4 31 | 282 | 91 f 12

| WB 127 | 15 154 | 28 45 34 | 301 g | S5 12
[*wC o0 | 9 | 150 | 24 35 | 24 | 345 | 70 [ND.| 7 |

EA: 305 level. Eastern Bank

EB: 327 level, Eastern Bank

EC: Unsubmerged Part, Eastern Bank

WA: 305 level, Western Bank

WR- 327 level, Western Bank; WC: Unsubmerged Part, Western Bank
N.D.: Mot Detected

*: From Al-Kawaz, 1991

Similar situation exist at the western bank at both (305) and (327) levels, but to a
lesser extent (Tables 5 and 6) due to the steeper slope at this bank, which means lesser
area is exposed to submergence. The steep slope may cause the sliding of large masses of
rocks into the water, leading to a continual exposure of fresh surfaces under the effects of
the aforementioned factors, and hence a relative decreases in their effects.

Because of the rather low concentrations of (Co), (Mo) and (Pb at eastern bank], the
discussion of their behavior under submergence is not very reliable.

The trace elements (Co) and (Ni) at the eastern bank; (Cu). (Rb) and (Mo) at both
banks and (Pb) at the western bank, show an increase in their concentrations due to
submergence relative to the unsubmerged part (Table 5). However, the increase at (305)
level either equal to (Rb and Pb) or slightly more than at (327} level.

Table 6: Percentage Increase or Decrease in Trace Flements at the Four Submerged
Levels Relative to the Unsubmerged Part (in Table 5.

[ Element 305 E (A) 2TE(B) | 305 W(A) 327 W(B)

v 42.1% A% | 360% 27.0%

Co 714 286 1333 66.7

Ni 349 . 336 300 ' 27

Cu 10.7 7 250 16.7

Zn 62.1 759 = 17.0 286

Rb 783 783 | 292 417

Sr -10.2 4.6 -18.3 -12.8

Zr 40.4 350 30 23

Mo X6(600%) X5 X6 X5 |
L P | 283 150 , 714 714 |
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It is possible that each of these elements is present in at least two mineral phases
{clay minerals and heavy fraction), in almost equal amounts. The decrease in their
concentrations due to the removal of elay size particles is counter balanced by the
increase in concentration of the heavy fraction, including the sulphide phase.

At the western bank and at (303) level, (Ni) shows a marked increase (195ppm)
among these clements compared with the (327) level (154 ppm) and with unsubmerged
part (150 ppm). It is possible that (Ni) is concentrated within the sulphide phase more
than within the clay minerals which are continually removed due to successive and longer
submergence of (303) level relative 10 (327) level,

Zine (Zn) unlike the rest of elements shows a decrease in its concentration at {303)
levels of hoth banks. This is possibly due to its presence in the carbonate phase
(dolomite). which has been subjected 1o dissolution at (303) level mors than at (327)
level due to longer submergence of the (303} level.

Strontium (Sr) is the only element that shows a marked decrease in its concentration
at hoth levels and at both banks and the decrease is more at (305) level (Tables 5 and 6).
It is clear that the decrease in (Sr) is due to the dissolution of the relatively soluble phascs
of carbonates (calcite and dolomite) and sulphates (gypsum), where (Sr) substitutes for
calcium (Ca”") in these phases. The longer submergence period of the (303) level causes
more {Sr) to be dissolved at this level.

Zirconium (Zr) exhibits a marked increase at both (303) and (327) levels and at
hath eastern and western banks. The increase is more at (303) level (Table ). It is well
known that zirconium in sedimentary rocks is concentrated in the heavy mineral zircon
{ZrSi0.). The longer the submergence period, the more fine grained fraction is removed,
which means the more is the concentration of the heavy fraction

The percentage increase of (Zr) at (305) level at both banks (east and west (40%
east), and (30% west) is more than that at (327) level (25% east) and (23% west). This is
due to longer submergence period at the (305) level than the (327) level.

At the eastern bank, the element lead (Pb) shows an increase at both (303) and (327)
levels being more at the (303) level (Table 5). This means that (Pb) is mainly
concentrated within the heavy fraction, the sulphide phase at this bank.

From the foregoing discussion, it seems that there are four patterns of variation in
the concentrations of the studied trace ¢lements in the recent sediments of Mosul lake;
these are: (a) Inerease in their contents at both (305) and (327) levels; the increase being
more at the (303) level (V. Co and Pb at the eastern bank only) (b) Increase at both (303)
and (327) levels; the increase being less at (303) level (Zn) (¢) Increase at both levels at
equal or almost equal amounts (Ni, Cu, Rb, Mo and Pb at the western bank) and (d)
decrease at both levels (Sr).

Inter-element correlation matrices for (305) and (327) levels at both eastern and
western banks (Tables 7. 8 9 and 10) confirms the pattern of distributions of the ten trace
elements discussed above,

The elements that show an increase in their concentrations at the (303) or (327)
level exhibit positive correlations between them. For example. at the eastern bank and at
{305} level {Table 7), vanadium (V) positively correlates with (Co, Ni. Cu, Zn, Rb, Zr,
Mo, and Pb). All these elements exhibit an increase in their concentrations at (303) level,
compared with the unsubmerged part of the sediment (Table 5).
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On the other hand, these elements show negative correlation with (Sr) which shows
decrease in its concentration at the (303) level ( and at 327 level). Similar relationship
hold for most of these trace elements in the other three tables (Tables 8. Gand 10).

Table T: Correlation CoefTicient Matrix for the Trace Elements, 303 level, Eastem

Bank (n=15).
i V | Co | Ni | Cu [ Zn [ Rb | Sr | Zr | Mo Ph4
[ ¥ 1.00 ,

Co | 043 | 1.00

Ni 082 | 048 [ 1.00 -

Cu | 073 | 0.03 [ 0.66 | 1.00

Zn_ | 090 | 060 | 0.87 | 074 | 1.00

Rb | 072 | -0.2 | 051 [ 001 | 054 | 1.00

Sr | -0.20 | 035 | -0.25 | -0.50 [ -0.26 | 058 | 1.00

Zr 049 | 046 | 024 | 001 | 034 | 0.84 [ -0.11 | 1.00 .

Mo | 047 | 054 | 0.44 | 0.61 | 045 [ 0.61 | -0.13 | 046 | 1.00 |

Pb | 049 | 0.05 | 0.72 | 001 | 0.54 | 0.01 | 0.65 | 0.01 [ -0.02 | 1.00

Table &: Correlation Coefficient Matrix for the T

race Elements, 327 level, Eastern

Bank (n=14).
[ [V | Co | Ni [ Cu | Zn | Rb | Sr | Zr | Mo qu
[V 1.00 | | ! : )

Co 0.05 | 1.00

Ni 0.70 | 011 | 1.00

Cu 056 | 009 | 075 | 1.00 |

Zn D47 | 036 | 079 [ 070 | 1.00

Rb | 039 | 00 | 051 | 073 [ 0,69 | 1.00

Sr 052 | 031 | 054 [-029 [ -0.26 | -0.23 | 100

Zr D.6% | -0.02 | 0.26 | 0.07 [ 001 | -0.02] 0.13 | 1.00

Mo 013 | 0.73 | -0.06 | -040 | 013 [ 010 | 0.09 | 007 | 1.00

Ph 046 | 031 | 067 | 0.83 | 04D | 049 [-0.18] 022 | 022 | 1.00
Table 9: Correlation Coefficient Matrix for the Trace Elements, 305 Level,

Western Bank (n=22).

| [ v Co | Ni | Ca | Zn [ Rb | Sr Zr | Mo | Pb
T 1.00 | I '
|- o 0.33 | 100

Ni 092 | 036 | 1.00

Cu 0.72 | 0.63 | 0.78 | 1.00 |

Zn 089 | 059 | 086 | 0.89 | 1.00

Rb | 030 | 012 | 0.43 | 017 | 0.16 | 1.00 |

Sr 026 | -045 | 0.33 | 028 | -0.23 | 010 | 1.00

Zr 063 | 044 | 050 | 052 | 070 | -0.01 | 002 [ 1.00

Mo D51 | 052 | D46 | 0.67 | 071 | -001 | 047 | 045 | 1.00

Rb | 030 | 030 | 0.85 | 0.06 | 0.70 | 0.68 | -036 | 0.35 | 0.33 | 1.00
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Table 10: Correlation Coefficient Matrix for the Trace Elements, 327 Level.
Western Bank (n = 14).

V | Co | Ni | Cu | Zn | Rh | & | Zr | Mo | Pb
v 1L.00 |
Co 0.92 | 100 '
Ni 0.71 | 053 | 1.00

Cu 092 | 049 | 068 | 1.00
Zn 081 | 065 | 0,89 | 082 | 1.00
Rb 068 | 067 | 083 | 072 | 095 | 100
Sr 023 | 019 | 000 | 013 | -0.01 | 002 | 1.00
Ir 058 | 072 | 069 | 065 | 076 | 0.86 | 023 | 1.00
Mo | 062 | 039 | 045 | 052 | 0.62 | 057 | <018 | 036 | 1.00
Rb 068 | 083 [ 049 [ 072 | 075 | 0.75 [ 034 | 0.70 | ¢33 | 1.00

CONCLUSIONS

There are four trends of variation in the concentrations of the studied ten trace
clements, in the submerged sediments relative to the unsubmerged; these are: (a)
Increase at bath (305) and (327) levels; the increase being more at the (3035} level (V,
Co, 7Zr and Pb); (b) Increase at both (303) and (327) levels. The increase being less at
{305) level (Zn). () Increase at bath (303) and (327) levels at equal or almost equal
amounts (Ni, Cu, Rb, Mo and Pb at the western bank) and (d) decrease a both levels
{Sr).

There are four factors affecting the distribution of trace elements within the
submerged sediments of Mosul lake: these are: dissolution of relatively soluble
mineral phases (carbonates and sulphates); mechanical removal of clay-size particles:
addition of organic matter: and the slope of the submerged sediments and surrounding
rocks.
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