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Absiract: The sedimentological research described in this paper was carmied out during the years 1978 and 1979, About 300 samples
from shallow and deeper boreholes drilled into the sediments of the Adhaim, Diyala, Tigris, and Euphrates rivers, the Zagros Foothill
zone, and the Mahmudia Formation were anzalysed. The analysis of heavy minerals was found 1o be the most functional method for dis-
tinguishing and interpreting the provenance, origin, and age of these sediments. Furthermore, the degree of corrosion of pyroxene and
amphibole grains was studied in the interest of defining cniteria for relative age determination. The area covered by the sedimeats of the
Tigris, Euphrates, and Divala rivers expericnced complicated development accompanied by considerable hydrographical changes. in
deep boreholes (DBH) Nos. 4 and 5, three units of the Tigris River sediments were distinguished: the “young™ Tigris (Holocene 1o Upper
Pleistocene), the “older” Tigris (Middle Pleistocene}, and the “oldest™ Tigris, all of which differ in the degree of corrosion of their pyrox-
enes and amphiboles. During the Pleistocene, the Diyala River deposited its sediments to the east of 1ts cwrrent course. The author sup-
poses that all rivers in the northern part of Mesopotamia migrated west and south-west during the Pleistocene and Holocene. This was

probably caused by the uplift of the Zagros Mountains.
Karlove ndmésti 48, 674 01 Trebic, Czech Republic

Introduction thors investigated HMs particularly in the recent sediments
of the Mesopotarian nivers. More recently, DoMas,
Geological mapping was undertaken during the years  MiNakikovA, and SaBan (1984) presented a “Proposal on
1977 and 1978 in the northern part of the Mesopotamian  the Introduction of the Mahmudia Formanton™ at the Sev-
Plain by the State Organization for Minerals (SOM) in  enth Iragi Geological Congress in 1984, According to
Baghdad. The extent of the area is shown in Figure 1. these studies, a distinct sequence has been recognized in
More than 100 shallow and deeper boreholes were  some boreholes in the northern part of Mesopotamua, which
drilled in this area. With few exceptions, the majority of  differs in heavy mineral content and degree of mineral cor-
the boreholes were situated on profile lines (see Fig-  rosion from the deposits of the Tigris, Euphrates, and
ure 2). Diyala rivers. With respect to its sedimentological and
The sedimentological research was carried out in 1978 stratigraphical position, the name Mahmudia Formation
and 1979, during which we performed grain-stze analysis,  was recommended for this sequence. Some beds of finer
and examined the petrology of the sand, gravel, and heavy  deposits within this sequence are rich in microfossils,
mineral fractions. The composition of the heavy fraction  particulary Ostracods (as determined by Wijdan al Haddad,
(about 300 samples) distinguishes the sediments of differ-  S.0.M.). The main Ostracod genera found in this forma-
ent provenances. The most important clastic constituents  tion are Candona, Cyprideis, Cypronotus, Oyocypris, Dar-
for distngushing the sediments of the Mesopotamian  wmulla, and Lymnocythere.
Plain were found to be the altered minerals, rock frag- Moreover, some Ostracod species typical of Plic-
ments, common and brownish amphibole, monoclinic  cene and Quaternary deposits were recognized. For the
pyroxene (particularly titanaugite), gamet, and, in some  Phocene, these include Candona cf. balatonica (Da-
cases, opaque minerals. Furthermore, the degree of corro-  pay), Darwinulla dadayvi Nemes, Candona cf, elegans
sion of the pyroxene and amphibole grains was smdied. = Nemges; while the Quaternary species include Candona
Due to significant differences in the degree of corrosionof  ¢cf. neglecta Sars, Candona cf. sucki HARTWIG, Candona
these minerals, we were able to define certain criteria for  ¢f. angulata MULLER. It can be concluded from this list
differentiating the Upper Pleistocene, older Quatemnary,  that the Tertiary/Quaternary boundary lies within the
and pre-Quaternary deposits. Mahmudia Formation. The sediments of the Mahmudia
Several authors, especially PuiLie (1968) and ALt Formation were deposited mainly by rivers, and partly
(1977), have studied the heavy minerals of the northern  in lakes whose salinity oscillated from fresh to brackish.
part of Mesopotamia. Both of the above-mentioned au-  The differences in the heavy mineral content within the
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1. Map of the study area.

formation reveal that the influx of desert material was
typical for the western part, whereas the clastic matenial
to the the eastern part was supplied from the Zagros and
younger uplifted structures. The clastic material of the
central part was introduced by rivers from more remote
areas. The proposed Mahmudia Formation overlies the
Pliocene fluvial sediments and underlies the Pleistocene
sediments of the Euphrates and Tigris rivers. Its deposi-
tion began in an arid Pliocene climate and ended during
the first pluvial oscillations of the Pleistocene. Bound-
aries with the underlying and overlying beds are con-
formable, and are marked by the specific composition of

the heavy mineral fraction and by the profound corro-
sion of pyroxenes, amphiboles, and garnets.

Heavy minerals (HM)

For separating the heavy mineral fraction, bromoform
and magnetic separation techniques were used. The
quantitative composition of the heavy fraction was de-
termined by the study of samples mounted in Canadian
Balsam. The total content of the heavy fraction (in
weight %) was found to be important for distinguishing



—®
. =\

as3a » Shallow borehole

® Deep borehaofe
& BAL AQRUZ o \
0, \/@5
L TR
T
aTia @E/’ L3 e
@ e © |
“eoa BiA=
LETY
D, o
BADRA
FRLA B uZd o

]
1A

@-n ®n1 @ﬂr nnl@

® 4FAK
Ry

®
@f @HAHﬁHIL @%] "t ,@ . @ﬂu @:m. - Bk @
e e —; =y
o\l | & | | O® | ® | ® | ® | ® | @
HlSHIHIT#n ¥
& | @ | ©® @ | ® | ©

OFAIAF| N gsnama  WOIWANIA

2. Location of boreholes according to coordinates.

between the sediments of the Diyala and Tigris rivers.  shallow boreholes — SBH, and in Table 8 is a deeper
Low heavy mineral contents were observed in the  borehole - DBH; MinakikovA 1978, 1979).

Zagros foothill sediments and in the Diyala and Adhaim The magneitic fraction is compnised mainly of mag-
river deposits. The results of these analyses are pre-  netite, with rare pyrrhotine and titanomagnetite. Rela-
sented in Tables 1-8 on pages 22-30 (in Tables1-7 are  tively higher magnetic fraction contents were found in
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3. Relative frequency of opaque minerals. 1 — Tigris River depos-
its; 2 — Euphrates River deposits; 3 — Diyala River deposits; 4 —
Faothill zone deposits.
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4, Relative frequency of clouded minerals. For explanations see
Figure 3.
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5. Relative frequency of rock fragments. For explanations see
Figure 3,

the Diyala River sediments and the foothill deposits.
Opaque minerals are represented mainly by limonite
and ilmenite. Limonite usually predominates over 1l-
menite, while the opposite relation is rather exceptional.
In many samples some of the ilmenite grains are covered
with leucoxene and limonite. Hematite and pyrite are
rare. Opaque minerals are abundant, especially in the
foothill sediments, but most of them are authigenic.
Figure 3 shows the distribution of opaque minerals in
the sediments of the Tigris, Euphrates, and Diyala rivers
and the foothill zone.

All minerals that were not amenable to reliable deter-
mination are included under clouded minerals. They
seem 0 be strongly weathered minerals of the zosite-
epidote group, with a minor proportion of amphiboles.
Their content is important for distinguishing between
the sediments of the Tigris and Euphrates rivers (see
Figure 4}.

Most of the rock fragments found in the heavy frac-
tion contain minerals of the zoisite-epidote group, green
schist, amphibolite, and basic igneous rocks. They are
usually altered and weathered. Such rock fragments are
present mainly in sediments of the Adhaim and the
Diyala, less in the Tigrs and Foothill zone deposits. The
Euphrates River sediments contain a smaller proportion
of rock fragments (see Figure 5).

Minerals of the zoisite-epidote group include epidote,
clinozoisite, and zoisite; piemontite is rare. They are of-
ten partly altered. These minerals are plentiful in the
Adhaim River sediments (see Table 1), but occur less
frequently in deposits of the other rivers and the Foothilk
zone (see Figure 6).

Commeon amphibole includes several varieties that
differ in colour and intensity of pleochroism. A grey-
ish-green variety with mild pleochroism is the most
common. Varieties of an intense green colour are rare,
Amphibole is more abundant in the Tigris sediments
than in those of Euphrates and Diyala (see Figure 7},
and is rare in the Adhaim and Foothill deposits (see
Tables 1-8). The brownish amphibole is mostly ba-
saltic amphibole, but sometimes common amphibole.
Tremolite-actinolite is not rare but it is a minor acces-
sory mineral.

Orthopyroxenes include an isomorphous series of en-
statite, bronzite, and hypersthene. Their total content is
low, but they show significant differences among the
different provinces. The highest proportion of ortho-
pyroxenes was found in the Diyala deposits, and some-
what less in the Tigris and Euvphrates deposits. The
foothill sediments, and especially the Adhaim River se-
diments, contain a very minor orthopyroxene fraction
(see Tables 1-8). Monoclinic pyroxenes found in these
sediments include nonpleochroic, light green diopside
augite, and smaller proportions of a greener, pleochroic
augite. Titanaugite was found particularly in the Diyala
River deposits, while in the Tigris and Euphrates sedi-
ments it is a common but minor mineral. The Foothill
zone and Adhaim River deposits contain very miner



fractions of this mineral(see Tables 1-8). Titanaugite is
typically brown-violet and pleochroic. The relative fre-
quency diagram in Figure 8 shows the distribution of
augite and titanaugite together. Whitish pyroxenes pres-
ent in these sediments are grains of diopside.

The gamet found in these sediments is commonly
light pink, sometimes colourless, rarely yellow or
brown. Most of the grains have uiregular shapes, but
some idiomorphic crystals do occur. The relative
frequency of garnet in the studied sediments i1s shown in
Figure 9.

Rare minerals include rutile, zircon, tourmaline, ti-
tanite, andalusite, sillimanite, kyanite, staurolite, and
chromite, Titanite, chromite, and tourmaline were found
mainly in the Divala River sediments. The Tigris River
deposits contain the same rare minerals, with the addi-
tion of chromite. The Euphrates River sediments have a
slightly higher content of metamorphic minerals than
those of the Tigris. The Foothill zone and the Adhaim
River deposits contain more rutile, zircon, and chromite,
and less sillimanite and staurolite (see Tables 1-8).

The mica minerals of these sediments are mainly
chlorite, with less biotite. The quantity of chlorite was
found to depend on grain-size distribution, as it is more
common in very fine-grained deposits. Minerals of the
barite-celestite isomorphous mixture are of authigenic
origin, and were found particularly in the Foothill and
the Adhaim River sediments, 1n which they are rela-
tvely commeon (see Tables 1--8). Very rare minerals in
these sediments include spinel, monazite, xenotime, co-
rundum, and topaz.

From this review it is clear that the quantity of
clouded minerals, rock fragments, common amphibole,
monoclinic pyroxenes (including titanaugite) and garnet
are very important for distinguishing the sediments of
different rivers and formations. To illustrate these dif-
ferences, a triangle diagram representing clouded min-
erals, rock fragments, and conunon amphibole has been
constructed (see Figure 10). This diagram shows the rel-
atively poor separation of the fields of the Tigris and Eu-
phrates rivers sediments 1n contrast to the distinct fields
of the Diyala River and Foothill deposits.

In addition, the degree of corrosion of mineral grains
was used for distinguishing sediments of different ages.
Corrosion is apparent mainly in pyroxenes, less in am-
phiboles and garnet. In the Holocene and Upper Pleisto-
cene sediments, only the pyroxene grains are weakly
corroded. Stronger pyroxene corrosion, and partial cor-
rosion of amphiboles, was found in the Middle Pleisto-
cene deposits of the Diyala and Tigns rivers. Pyroxenes
are strongly corroded in the sediments of the Mahmudia
Formation, in which corrosion features on amphibole
(common and brownish) and garnet grains is also clearly
seen. Mineral corrosion was found to be more extensive
in the pre-Quatermary sediments.

Zoisite-epidote group
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6. Relative frequency of minerals of zoisite-epidote group. For
explanations see Figure 3.
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9. Relative frequency of gamet. For explanations see Figure 3.
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10. Triangle diagram showing the contents of clouded minerals,
rock fragments and common amphibele. 1 - Tigris River depos-
its; 2 — Euphrates River deposits; 3 — Diyala River deposits; 4 -
Foothill zone deposits.

Description of the sediments
from the deeper boreholes (DBH)

In the year 1978, five deeper boreholes were drilled into

the Mesopotamian Plain. These boreholes were arrang-

ed in a SW-NE trending profile between Mahmudia and

Mandali (see Figure 2). The main goals of investigating

the DBH sediments were:

1. to locate a boundary between Quatemary and pre-
Quaternary deposits;

2. to distinguish between the sediments of individual
rivers; and,

3. to determine relative age of the Quaternary deposits.
DBH 1 was situated due south of Mahmudia (see

Figure 2). The HM composition of these sediments is

shown in Table 8 and Figure 11.

10

Sample No. 1 (22.05-22.20 m) is a fine-grained sand,
relatively well sorted and containing only about 5 % of
siit and clay particles. Quartz predominates in the
< (.354 mm fraction; rock fragments comprise about
20 %. The coarser fractions are comprised mainly of
rock fragments, mostly of chert, with smaller propor-
tions of sandstone, siltstone, carbonates and quartzite.
The quartz grains range from being rounded to well
rounded in the > 0.5 mm fraction, whereas they are
subangular and subrounded in finer fractions, The HM
composition shows that the sand is a mixture of Tigns
and Euphrates deposits, Sample No. 2 (30.9-31.0 m)
contains a significant admixture of silt and clay parti-
cles. The composition and degree of roundness of its
sandy fraction is similar to that of sample No. 1. The
HM fraction of sample No. 2 has a very low pyroxene
content, and is of a similar composition to that of the
Mahmudia Formation deposits. The author supposes
that sample No. 2 represents redeposited sediments of the
Mahmudia Formation. In sample No. 3 (33.95-34.05 m)
the > 0.354 mm fraction contains mostly mica minerals.
Finer fractions are composed of quartz and rock frag-
ments, with minor feldspar. The composition of the
heavy mineral fraction shows that it is mixture of the
Tigris and Euphrates River deposits. Sample No. 4 is a
mixture of sand, silt, and clay, with a small admixture of
pebbles, and contains the same rock types as in the over-
lying beds. It can be concluded that sample No. 4 also
represents redeposited sediment from the Mahmudia
Formation. The HM composition of sample No. 5
(49.6—49.8 m) indicates that it is a mixture of the Tignis
and Euphrates deposits. The heavy mineral fraction of
sample No. 6 (52.8-53.0 m) is characterized by a high
content of clouded minerals, indicative of the Euphrates
River provenance. The heavy mineral fraction of sample
No. 7 (55.7-55.8 m) shows that this sediment was de-
posited by the Euphrates River. However, there are sig-
nificant differences in the degree of corrosion of some
minerals in comparison with those in the overlying beds.
The pyroxene grains of sample No. 7 are more strongly
corroded, while corrosion textures are also present on
amphibole grains. Based on the relative degree of corro-
sion, it is suggested that these sediments represent an
“older Euphrates™.

Samples No. 8 (65.9-66.1 m) and No. 52 (78.75-78.85 m)
have the same composition as the sediments of the
Mahmudia Formation in this area. Their HMs are
weathered, their amphibole and gamet are corroded, and
their pyroxene is strongly corroded. All of these features
place these sediments in the Mahmudia Formation.

Samples 1-6 correspond to Upper Pleistocene, while
sample No. 7 could be of Middle Pleistocene age.

DBH 2 was situated on the right bank of the Tigns
River (see Figure 2). Its heavy fraction composition is
shown in Table 8, for histograms of the main minerals see
Figure 12. The upper part of the sequence is comprised of
Tigris River sediments, with local admixtures of Euphra-
tes River deposits (sample No. 6 — 28.1-28.3 m). Euphra-
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tes River deposits were found at a depth of more than
30 m (sample No. 9), which correspond to those evinced
in DBH 1 at a depth of 53 m. In the next two samples
(No. 10 - 62.2-62.4 m, and No. 11 - 75.0-75.3 m) the
HM composition and the degree of corrosion are similar
to those of the Mahmudia Formation deposits. Corroded
grains of garmet and amphibole and strongly corroded py-
roxenes were found in the last three samples (Nos. 18, 32

and 49). The author supposes that these sediments are
pre-Quaternary.

DBH 4 was sitnated in the NW margin of map sheet
2C16 (see Figure 2). The HM composition of this sam-
ple is shown in Table 8 and in the histograms in Fig-
ure 13, Sample No. 16 {4.5-4.6 m) represents the typical
sediment of the Diyala River. Sample No. 17 (12.9-13.0m)
is a mixture of deposits from the Tigris and the Diyala

11
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14. Histograms of the main HM in sediments of DBH No. 5. For explanations see Figure 11.

14

46.0

66.8

75.2

83.2

93.2
m

23




rivers. Samples 18, 19, and 20 (from a depth range of
1 8=32 m) have the same composition as the Tigris River
sediments, although the degree of corrosion on pyro-
xene and amphibole grains is a little higher than in the
Upper Pleistocene deposits. These sediments must there-
fore be older, and are thus referred to as “older” Tigris
River sediments. Samples 21, 22, and 23 (from a depth
range of 3748 m) are characterized by pyroxene and am-
phibole with an even higher degree of corrosion. Their
HM composition is similar to that of the Tigris River sed-
iments. It 1s therefore concluded that these sediments
were also deposited by the Tigris River. However, they
are clearly older than the overlying beds at depths be-
tween 18-32 m, and thus we use the term “oldest Tigris
River sediments™ with reference to them. The next three
samples, Nos. 24, 44, and 46 (in the depth of 52-66 m),
represent sediments of the Mahmudia Formation. The
last two samples, Nos. 54 and 55 (from a depth range of
6Y—74 m), correspond to the pre-Quaternary sediments
with respect to their composition and degree of corro-
s101.

DBH 5 was situated near the centre of map sheet 2G3
{see Figure 2}. This sample contained the same sedi-
ments as in DBH 4 (see Table 8 and Figure 14); 1. e, the
Upper Pleistocene ,,young Tigris”, the ,,older Tigris" (ata
depth of 19-32 m), and the ,,oldest Tigris* (at 3346 m).
The age of the last two units of this sample cannot be ex-
actly determined due to the absence of palaeontological
evidence. The lower part of the borehole, below 68 m in
depth, probably passed through the Mahmudia Fortna-
tion.

DBH 6 was situated SW of Mandali (see Figure 2). Its
HM compeosition is shown in Table 8. The first three
samples (Nos. 8 9, and 69, from depths between
21.4-49.2 m) represent Zagros Foothill zone deposits.
High contents of opaque minerals and low contents of
amphibole and pyroxene are typical of these sediments.
Authigenic minerals of the barite-celestite group are
present in all samples. The HM compositions of the re-
maining nine samples, from depths of 56.5 to 202.4 m,
are very similar to those of the foothill deposits, but their
pyroxene and amphibole grains are strongly corroded.
We therefore suppose that these sediments are pre-Qua-
termary in age.

The investigation of sediments from deeper bore-
holes confirm that the Tigris and Euphrates rivers mi-
grated westward during the Pleistocene and Holocene,
The most intense accumulations probably occurred in
successive phases during the Upper Pleistocene and the
Holocene, within the area between Mahmudia and Sal-
man Pak (DBH Nos. 1 and 2). This massive accumula-
tion could have been caused by subsidence, or by in-
tense denudation in the source areas. The presence of
older Tigris River sediments at the same depth and not
very far to the east {in the DBH Nos. 4 and 5), supports
the latter possibility.

Characteristics and extent of the sediments

The sediments of the Adhaim River were studied by
means of shallow boreholes (SBH} along the river’s left
bank {see Figure 15). These sediments are characterized
by a very high content of minerals from the zoisite-
epidote group, relatively high rock fragment contents,
very low amphibole contents, and an extremely low
pyroxene contents (see Table 1), The composition is
vertically and horizontally constant, which confirms
that the source of the clastic material must be sought for
1n the older sedimentary formations to the north.

The young (proebably Holocene) Diyala River sedi-
ments border this river’s present course up to its conflu-
ence with the Tigris River. To the § and SE they are of-
ten enriched with material from the Tigris River, rese-
posited from underlymng beds (see Figure 15). Rock
fragmenits prevail over clouded minerals in these sedi-
ments. The quantities of minerals from the zoisite-epi-
dote, amphibole, and pyroxene groups are similar to
those of the Tigris and the Euphrates sediments; the
Diyala deposits, however, contain more orthopyroxene
and significantly more titanaugite. The garnet content is
very low. Metamorphic minerals are almost completely
absent (see Tables 1, 2, and 4). The Upper Pleistocene
deposits of the Diyala seem to occur only on the lefi
bank (southward of Baquba) of the present Divala River
(see Figure 16). Older Diyala River sediments were
found below the depth of 12-14 m. They differ from the
younger deposits by being sigmficantly higher in
titanaugite, and by higher degrees of pyroxene and am-
phibole corrosion. These sediments occur on the left
bank of the Diyala River to the south of Mugdadiva (see
Figure 17), and are possibly of Middie Pleistocene age.
The HM fraction of the Diyala River deposits indicate
that the source of the clastics is to be sought in the basic
igneous rocks of the Walash Series, along the border be-
tween Iraq and Iran.

The Holocene sediments of the Tigris River border its
present course. To the north of Baghdad the boundary
between the sediments of the Tigris and Diyala rivers is
sharp; while the mixing of their deposits appears in the
vicinity of their confluence (see Figure 15). The Tigris
River sediments that constitute a wide belt reaching
many kilometres to the east of the river's present course
(see Figure 16) are probably of Upper Pleistocene age.
In the westemn part, they are covered by Holocene sedi-
ments from the Diyala River (compare Figures 15 and
16}. The medium content of clouded minerals and rock
fragments, and the presence of titanaugite downstream
from the mouth of the Diyala River, are typical character-
istics of the HM fraction. The Tigris River deposits con-
tain much more garnet than those of the Diyala River (see
Tables 2-8). Sediments that must be older than Upper
Pleistocene were found in DBHs Nos. 4 and 5, and in
several SBHs in the NE margin of the Plain (between
Baladruz and Kut; see Figure 17). The composition of
their heavy fraction does not differ significantly, though

15
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its; 2 — Euphrates River deposits; 3 — Adhaim River deposits; 4 — Diyala River deposits; 5 - Foothill zone deposits; 6 — Mahmudia Forma-
tion; 7 - deposits from antificial canals.
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16. Extent of the Upper Pleistocene deposits. For explanations see Figure 15.
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17. Extent of the Middle Pleistocene deposits. For explanations see Figure 15.
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amphibole grains are corroded and the pyroxene cotro-
sion a little stronger than in the Upper Pleistocene depos-
1ts. These sediments lie below a depth of 18 m, and are
about 15 m in thickness. Unfortunately, there is no paleon-
tological evidence for determining their age. They appear
to be of Middle Pleistocene age, and thus the term “older™
Tigris River sediments is used for them. Another older
unit of the Tigris River deposits was found in the same
DBHs (Nos. 4 and 5). This unit occupies a depth range
from 33 m to about 50 m, and contains less pyroxene,
though the quantity of other heavy minerals is similar (see
Table 8). The corrosion of pyroxene and amphibole
grains is evidently stronger than in the Upper Pleistocene
and the “older Tigris* sediments. The “oldest Tigris
River sediments" is the provisional term for this unit.

The Holocene sediments of the Euphrates River bor-
der its present course (see Figure 15), This river’s older
sediments have been located in the area between the
present courses of the Euphrates and Tigris rivers (see
Figure 16). The HM assemblage of the Euphrates depos-
its 15 very similar to that of the Tigris River sediments.
Significant differences were found only in the contents of
pyroxene, clouded minerals, and rock fragments. The Eu-
phrates River sediments contain a slightly larger amount
of metamorphic minerals (see Tables 1-8). The surface of
the area between Hilla and Diwaniya is covered by recent
deposits from artificial canals (see Figure 15). The com-
position of their heavy fraction differs from the typical
Euphrates River sediments in that the former contain
great amount of amphibole and very minor gamet,
Chlorite and biotite are commonly present (see Tables 5
and 7). These canal deposits are usually fine-grained. it is
supposed that the differences in HM content are mostly
caused by the differences in grain-size distribution. In
DBH No. 1 and SBH Nos. 53, 54, 34, and 35 (see Fig-
ure 2) the mixed sediments of the Euphrates and Tigris
rivers are present to a depth of about 50 m, These depos-
its do not show a higher degree of amphibole and pyro-
xene corrosion, and must therefore be young, probably
of Upper Pleistocene age. The oldest sediments of the
Euphrates River were hitherto found close to Mahmudia
in DBH No. 1, at a depth of more than 50 m. Considering
the corrosion of amphibole and pyroxene, these deposits
seem to correspond to sediments of the “older Tigris,"
and could therefore be of Middle Pleistocene age.

The NE part of the Mesopotamian Plain is covered by
large alluvial fans preserved in the foothill zone of the
Zagros Mountains, The HM contents of these sediments
consist mainly of opaque minerals (partly of authigenic
origin}), minerals of the zoisite-epidote group, and authi-
genic minerals of the barite-celestite group (see Ta-
bles 1, 5, 6, and 8). This HM composition indicates that
the Zagros Foothill zone deposits were derived from the
neighbouring mountains, which were built-up from the
Bakhtiari and Fars sedimentary formations. In the area
between Mandali and Badra, the Foothill zone deposits
overlap sediments of the “older Tigris” (compare Fig-
ures 16 and 17).

The sediments of the Mahmudia Formation (DoMmas
et al. 1984) in the western part of the study area were in-
vestigated in shallow and deeper boreholes (see and
compare Figures 15, 16, and 17). The HM content of
these sediments differs from those of the Euphrates and
Tigris by baving a higher brownish amphibole content
and a lower pyroxene content (see Tables 2, 3, and 8§).
Grains of pyroxene, amphibole, and garnet show strong
corrosion. There was a marked change in the
paleoclimate during the deposition of the Mahmudia
Formation, which began in an arid Pliocene climate and
ended during the first (oldest) pluvial oscillations of the
Pleistocene.

Palasogeographical conclusions

The N and NE parts of the territory under consideration
are covered by sediments from the Adhaim River and by
Zagros Foothill zone deposits. It seems that no substan-
tial changes took place in this area during the Upper
Pleistocene and Holocene. Only in the area between
Mandali and Badra, where the foothill deposits overlie
the sediments of the “older” Tigris. These covering sedi-
ments reach far to the west during this period of time
{compare Figures 17 and 15, 16).

The remaining part of the area, covered by sediments
from the Tigris, Euphrates, and Diyala rivers, experi-
enced complex development accompanied by substan-
tial hydrographical changes.

The Tigris River deposited its sediments more than
100 km to the east of its present course during the Upper,
Middle, and perhaps even the Lower Pleistocene. At that
time, the Tigris River sediments extended as far as the
NE part of the Mesopotamian Plain, where they came
into contact with Foothill zone deposits. To the north of
Baghdad, the course of the Tigris River turned to the
east, toward Baquba, to the area of the contemporary
course of the Diyala River (compare Figures 15 and 16).
During Upper Pleistocene, the Tigris River gradually
shifted its course increasingly to the W and SW, During
the Holocene, the Tigris River accumulated sediments
along its present course {see Figure 15).

Pleistocene accumulations of the Diyala River were
deposited to the E of its present course. During the Holo-
cene, or perhaps even towards the end of the Upper
Pleistocene, when the Tigris River migrated westward,
the course of the Diyala River must have undergone
large scale changes. The whole NE part of the
Mesopotamian Plain is built up by sediments of the
Diyala River, which overlie Upper Pleistocene and
older sediments of the Tigris River. The confluence of
the Diyala with the Tigris River shifted downstream
from the Baquba area toward Baghdad, and the course
of the Diyala River gradually migrated to the W{(com-
pare Figures 15 and 16).

The older sediments of the Euphrates River, possibly
of Middle Pleistocene age, and its Upper Pleistocene
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equivalents, also occur eastward of its present course.
During the Upper Pleistocene, mixing of the Euphrates
and Tigris rivers sediments took place in the Falluja and
Mahmudia areas. The Euphrates River seems to have
migrated westward by the end of Upper Pleistocene and
during the Holocene. SW of Mahmudia, for example,
the Holocene sediments of the Euphrates River rest im-
mediately upon the Mahmudia Formation (compare
Figures 15, 16, and 7).

The courses of all rivers in the N part of the Me-
sopotamian Plain migrated due W and SW duning the
Pleistocene and Holocene. Among the controlling fac-
tors of this migration, tectonics and climate changes
were of major importance. The author concludes that the
main cause was the gradual uplift of the Zagros Moun-
tains. The progress of the Foothill zone sediments into
the Mesopotamian Plain during the Upper Pleistocene
and Holocene further supports this view.

The most intense accumulation from what seems to
be a younger phase of the Upper Pleistocene and Holo-
cene occurs in the area between Mahmudia and Salman
Pak, where younger sediments of great thickness occur.
This massive accumulation could have been controlled
either by subsidence or by strong erosion and denuda-
tion at the source area. The presence of older sediments
from the Tigris River at the same depth, and not far to
the E (in DBH Nos. 4 and 5), favours the second possi-
bility.

Acknowledgements
I wish to express my thanks to the Directorate of The

State Organization for Minerals (5.0.M.) in Baghdad
for permission to publish the resuits of the petrographi-
cal research that I carried out during my stay there. At
the same time, I would like to thank my Iraqi colleagues

Hisham Al-Hashimi, Wissam Al-Hashimi, Nuri Hamza,
and Nazaar Hassani, and my Czech colleagues Jarosiav
Tyr4&ek and Jaroslav Domas for cooperation, fruitful
discussions, and valuable comments.

Translaied by the author
Recommended for print by J. Petrdnek

References

A1, 1. A. (1977); Heavy mineral provinces of the recent
sediments of the Euphrates-Tigris basin. — J. Geol.
Soc. Iraq, 10., 33-46, Baghdad.

Domas, J. — Minagikovi, D. — Sasan, Y. Y. (1984):
Proposal on the introduction of the Mahmuda For-
mation. — Lecture on the 7" Iragi Geological Con-
gress in Baghdad. Baghdad.

Minakikova, D. (1978): Preliminary study of the heavy
minerals of the Quaternary sediments and Upper Fars
Formation in northern part of Mesopotamia. Sketch
of paleogeographical development. —~ MS, S.0.M.
Baghdad.

~ (1979): Heavy minerals of Quaternary and pre-Qua-
ternary sediments in the deep boreholes between
Mahmudia and Mandali (Mesopotamian Plain). -
MS, S$.0.M. Baghdad.

— (1979): The results of the Quaternary sediments in-
vestigation in the northern part of the Mesopotamian
Plain. — MS, S.0.M. Baghdad.

Pup, G. (1968): Mineralogy of recent sediments of
Tigris and Euphrates rivers and some older detrital
deposits. — J. sed. Petrology, 38, 35—44. Tulsa.

Paleogeografie kvartéru severni ¢ésti Mezopotamie

(Résumé anglického textu)
DAGMAR MINARIKOVA

PiedloZeno 24, ledna 2003

V letech 1978 a 1979 pracovala autorka pro State Organization for Minerals (S.0.M.) v Bagdadu na vyzkumu
kvartéru severni &4sti Mezopotdmie. Tamn{ kvartérni sedimenty jsou reprezentovany pfevdZné jemnozrnnymi pisky,
silty a jily. Bylo zjisténo, Ze analyzy téZkych minerdld jsou jedinou vhodnou metodou pro rozliSen{ riznych typl
sedimentii. Proto bylo prostudovéno vice neZ 300 vzorki z mélkych i hlubsich vrti (jejich lokalizace je uvedena na
obr. 2) ze sedimenti fek Adhaimu, Diyaly, Tigridu a Eufratu, ddle z pfidpatnich uloZenin pohofi Zagrosu, z¢
sedimentt formace Mahmudia a z piedkvartémich sedimenti (vysledky analyz jsou uvedeny v tabulkdch 1-8 a na
obr. 13 a 14).

Viidéimi minerdly pro rozliSeni rizngch typil sedimentii jsou zakalené minerdly, horninové dlomky, obecny a
gedifovy amfibol, augit, titanaugit a grandt. Vedle sloZeni byla velka pozornost vénovidna i stupni koroze Zrm
pyroxend a amfibold, pfipadn& grandtu. Pozorovatelné rozdily v korozi zr téchto minerdld zdvisi na stafi sedimentu.
Pomoci koroze byly v hlub3ich vriech rozliSeny tfi rlizn® staré jednotky sedimentl Tigridu — svrchnopleistocenni,
star¥i, pravdépodobné stiedopleistocenni (,,older Tigris“) a nejstarsi(,oldest Tigris*), které nelze zatim pfesnéji
stratigraficky zafadit.
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Vysledky studia t82ké frakce poskytly zdkladni data potfebnd pro tvahy o paleogeografickém v¥voji izemi. Na
obrdzcich 15-17 je schematicky zndzornéno roziifeni studovanych sedimentl v holocénu a ve svrchnim a stfednim
pleistocénu. Severni &dst vizemi, které je pokryto sedimenty feky Adhaimu, neprodéiala b&hem holocénu a svrchniho
pleistocénu Zidné podstatné zmény. Roz8ifeni pfifipatnich sedimentd v dzem{ mezi Mandali 2 Badrou se vyrazng
ménilo: nejmensi rozsah mélo béhem stfedniho pleistocénu, zatimco v pritb&hu svrchniho pleistocénu a holocénu se
ndpadné roziifuji smérem k jihozdpadu a jihu, takZe pfekryvaji stfedopleistocenni sedimenty Tigridu. Ty zasahovaly
ve stfednim pleistocénu vice neZz 100 km od dneSniho tcku smérem k vychodu a severovychodu. Sledujeme-li
roziifeni sedimentd Tigridu, vidime, Ze se od stiedntho pleistocénu posunuji setrvale k zdpadu a jihozdpadu. Reka
Diyala ukiddala své sedimenty ve svrchnim pleistocénu a pravdépodobné i difve vychodné od dneiniho toku a jeji
dsti do Tigridu leZelo jv. od Baquby. V holocénu se Diyala posunula smérem k zdpadu, jeji dsti do Tigridu le#i na jih
od Bagdddu a jeji sedimenty tvofi povrch velké &dsti severni Mezopotdmie, kde pfekryvaji svrchnopleistocenni
sedimenty Tigridu. RovnéZ sedimenty Eufratu se posunuji od v¥chodu k zdpadu. Svrchnopleistocenni uloZeniny
Eufratu pokryvaji izemi na vychod od dnedniho toku. V oblasti Mahmudie doslo k pfemistén{ toku Eufratu k zdpadu
aZ v historick€ dobé. ,

Z tohoto piehledu je patmé, Ze viechny feky v severni &dsti Mezopotdmie pfesouvaly své toky v pritbéhu pleistocénu
a holocénu smérem k zdpadu a jihozdpadu. Pfi¢inou tohoto stéhovini je pravdépodobné postupné zdvihdni pohofi
Zagros na hranicich mezi Irdkem a Irdnem. Pro tento pfedpoklad sv&dES i roz8ifovéni pridpatnich sedimentt.

K nejintenzivné)si akumulaci dochdzi v miadsi fazi svrchntho pleistocénu a v holocénu v ablasti Mahmudie, kde
byly zjiftény smi¥ené sedimenty Tigridu a Eufratu tohoto stdfi aZ do hloubky kolem 50 m. Tato mohutnd akurmulace
mohla byt podminéna bud subsidenci, nebo zvy¥enou dotaci klastického materidlu, vyvolanou silnou erozi a

denudaci ve zdrojové oblasti.

Vysvétlivky k obrazkim
I. Vymezenf studovaného dzemi. I3. Histogramy hlavnich TM v sedimentech DBH 4. Vysvétlivky
2. Lokalizace studovanjch mélkgch (SBH) a hlubgich (DBH) viz obr. 11.
vrtii. [4. Histograimy hlavnich TM v sedimentech DBH 5. Vysvétliv-
ky viz obr. 11.

3. Relativni ¢etnost opaknich minerdld. 1 — sedimenty Tigridu:
2 - sedimenty Eufratu; 3 - sedimenty Diyaly; 4 — sedimenty 15. Rozéffeni holocennich sedimenti Tigridu, Eufratu, Adhaimu,
pfidpatni zdny, Diyaly, sedimentl pfidpatn{ zony a uloZenin formace Mah-

mud:a. 1 —sedimenty Tigridu; 2 - sedimenty Eufratu; 3 — se-

4. Relati ych minerdld. Vysvédivky vizobr. 3. . . - . . ”
Relativni Setnost zakalenych minerdlad. Vysvédivky viz obr dimenty Adhaimu; 4 — sedimenty Diyaly: 5 — sedimenty pfii-

3. Relativnd Cetnost horminovych dlomki. Vysvélivky viz obr., 3. patni zony, 6 — sedimenty formace Mahmudia; 7 - sedimenty
6. Relativni Zetnost minerdti: zoisit-epidotové skupiny. Vysvét- umélych kandlu.
livky viz obr. 3. 16. Roziiteni svrchnopleistocennich sedimenti. VysvEtlivky viz
7. Relativnf Zetnost obecného amfibolu, Vysvétlivky viz obr. 3. obr. 13,
8. Relativnf Cetnost augitu a titanaugitu, Vysvétlivky viz obr. 3. 7. Erﬂlfge ni stfedopleistocennich sedimenti. Vysvédivky viz
9. Relativni Zetnost grandtu, Vysvetlivky viz obr. 3.
10. Trojdhelnikovy diagram ukazujici zastoupeni zakalenych
minerélil, horninovych ilomkd a obecnéhoe amfibolu. 1 - se-
dimenty Tigridu; 2 — sedimenty Eufratu; 3 - sedimenty Diya-
ly; 4 — sedimenty pitdpatni zny. .
¢ ¢ Vysveétlivky k tabulkam

11. Histogramy hlavnich téZkych minerdld (TM) v sedimentech

DBH 1.1 - minerﬁ]}r zotsit-cprdotove skupiny; Z - skupina al. edimentech oblasti Muqdadi .
amfibold (spodnf Cdst sloupce hnddy amfibol, svrchnf cidsi Eﬁﬁiﬁ: é g ¢ sedimentech oblast Eﬂg?iﬂdilzgﬂa?qaﬁunbiu_
sloupce  zeleny obecny amfibol); 3 ~ skupina pyroxenli  pup s 3 TV v sedimentech oblasti Mahmudie.

(spodnl édst sloupce onopyroxeny, stfedni &dst sloupce ti- Tabulka 4. TM v sedimentech mezi Mahmudif a Mandali.
tanaugt, spodnf &dst sloupce augit a diops. augit): 4 — homi- Tabulka 5. TM v sedimentech mezi Hilloa a Mandali.

nové dlormky; 5 - zakalené minerdly; 6 ~ opaknf minerdly; Tabulka 6. TM v sedimentech oblasti Kutu a Badry.

7 - granét. Tabulka 7. TM v sedimentech oblasti Hashimie a Badry.
12. Histogramy hlavnich TM v sedimentech DBH 2. Vysvétliv- Tabulka & TM v sedimentech hlubgich vrill mezi Mahmudif
ky viz obr. 11. a Mandali.
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