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ABSTRACT

The present study deals with Geochemistry and Mineralogical impact on Middle and Late Eocene rocks
exposed at East Helwan area -Egypt. The studied area lies between Latitudes 29° 47' 30" and 29° 53 ' 00" N.

and longitudes 31° 21' 04" and 31° 28' 45" E.

Middle and Late Eocene sediments are subdivided into five rock units from base to top: Middle Eocene
(Gebel Houf and Observatory Formations); Late Eocene (EL-Qurn, Wadi Garawi and Wadi Houf Formations).

Mineral composition was done on nineteen carbonate samples (using x-ray diffraction method. The study
reveals the presence of a number of carbonate minerals; calcite, dolomite, and non-carbonate minerals name
Gypsum, Anhydrite, Halite, and quartz in variable amounts.

Chemical composition of the carbonate rocks for fifty four samples (major and trace elements) represent
Middle and Late Eocene carbonates were done. The data reveal that Middle and Late Eocene carbonates were
deposited under shallow, alkaline and oxidizing environmental conditions.

INTRODUCTION

The study area lies between Latitudes 29°
47 30" and 29° 53 ' 00" N. and longitudes 31°
21' 04" and 31° 28' 45" E. (Fig, 1 and 2).Middle
and Late Eocene outcrops in the examined
localities range from Lutetian to Priabonian in
age.
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Middle and Late Eocene sediments are sub
divided into five rock units Eocene (Gebel
Houf and Observatory Formations); Late
Eocene (EL-Qurn, Wadi Garawi and Wadi
Houf Formations).
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Fig. (1): Geological map of the study area (geological
survey of Egypt, 1983).

Fig. (2): Idealized composite columnar lithological
section of Middle and Late Eocene rock units
(East Helwan area).
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MATERIALS AND METHODS OF STUDY

Nineteen carbonate samples were analyzed,
using x-ray diffraction method. The samples
were selected in order to represent the
carbonates of various ages, whereas samples
were ground to 200 meshes and analyzed
without any chemical treatment (bulk sample).

The x-ray diffraction analysis was carried
out at (Egyptian Mineral Authority Labs) using
the Philips X-ray diffraction (Monochromatic,
X'Pert PRO type) with Ni-filter Cu-radiation, (A
=1.542A) at 50 K.V., 40 M.A. and a normal
scanning speed of 0.020/sec. was used. The x-
ray diffraction analysis of the bulk limestone
samples (e).

Forty six samplesanalyzed; at Lafarge
Cement Company Labs; representing, Middle
and Late Eocene carbonates distributed as
follows: - Middle Eocene (Lutetian) G. Houf
Fm., (8 samples) and Observatory Fm., (6
samples). Late Eocene (Bartonian) Qurn Fm.,
(21 samples) and W. Garawi Fm., (8samples).
Late Eocene (Priabonian) W. Houf Fm.
(3samples) for major elements (SiO,, Al,0s,
Fe,O,, CaO, MgO, Na,O, K,0, P,0O5 SO, Cl,
L.O.lI and soluble chlorides CI-) and trace
elements namely (Ti, Mn, Ni, Ba, Cu and Sr)
were quantitatively estimated using the atomic
absorption method.

Mineral composition

The present study was done aiming to
determine the variations and differences in the
mineralogical composition of the different
Middle and Late Eocene carbonate sediments
represented in the study area and its
significance in the environmental
interpretations. The x-ray diffraction analysis of
the bulk limestone samples (Table 1) detected
the presence of a number of carbonate
minerals; calcite, dolomite, and non-carbonate
minerals namely gypsum, Halite, in addition to
quartz in variable amounts. Generally, Middle
and Late Eocene environments of deposition
were shallow, alkaline and oxidizing
environment, whereas marine basin close to the
landmass that supplied the basin by evaporates,
and quartz minerals.

Chemical composition:-
Weathering indices

Weathering means the approach to equi-
librium of a system involving rocks, air and
water, and the agents of chemical weathering
namely moisture, free oxygen, carbon dioxide,
organic acids and nitrogen acids (Krauskopf,
1979). The indices are based on the principle
that the ratio between concentrations of mobile
and immobile elements should decrease over
time as leaching progresses.In the present
study, weathering indexproposedby lbrahim et
al., (2017) (modified after Krauskopf 1979)
was used to classify Middle and Late Eocene
limestone’s and to correlate facies changes.

Weathering index =
CaO + MgO + Na,0 + K,0
SiO;,+Al,03+Fe,03+TiO,+Ca0+MgO+Na,0+K,0

The computed weathering index for Middle
and Late Eocene carbonates are shown in Table
(2). The weathering index values are high
fraction (except for Late Eocene (W. Garawi
and W. Houf Fms.) carbonates suggesting that
the studied rocks are slightly affected by the
agents of weathering.

The low value for Late Eocene (W. Garawi
and W. Houf Fms.) carbonates is mostly due to
the predominate clastic materials rich in SiO,,
Al,O3and Fe,0s.

Abundance
components:

and distribution of major

Oxides forming silicates:

The chemical composition, range and the
average contents of SiO,, Al,Os, Na,O and K,O
of the different rock units are shown in Tables
(3-8) and Figures (3-8). Middle Eocene,
Lutetian, (G. Houf and observatory Fms)
oxides forming silicate minerals are
considerably low. However, regarding to the
values of Al, O; relative to those of SiO,,
Middle Eocene limestone are characterized by
the presence of free quartz, Late Eocene
Bartonian (Qurn and W. Garawi Fms.)
limestone’s are characterized by abundant of
free quartz. However, Late Eocene Priabonian
(W. Houf Fms.) contain a considerable amount
of free quartz. Generally it was noticed that
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there is an increase in the oxides forming
silicate minerals from Middle Eocene, Lutetian,
(observatory Fm) to Late Eocene Bartonian
(Qurn and W. Garawi Fms.) towards Late
Eocene Priabonian (W. Houf Fm.) Limestone.
The inconsistent distribution of Al,Ozand Na,O
and occasionally K,O suggests their presence
don’t in the form of alumina-silicate minerals.

Silicon dioxide:

The distribution of the silica content during
Middle and Late Eocene times limestone
reveals that there is an increasing (from Middle
Eocene, observatory Fm., towards Late Eocene
\W. Houf Fm., )with decreasing in age of the
limestone. The presence of free quartz suggests
shallow marine conditions. The higher silica

Table (1):X-ray diffraction data of of Middle and Late Eocene carbonate samples.

B
_ o) 4
%] 2z @
Age E |2 = 20 | Mo | dA° | 20 | 1, | dA° 20 | Mo | dA°
s g
wn —
s
Quartz 26.86 | 81.65 | 3.31 | 39.68 | 13.80 | 2.27 | 2329 | 6.26 | 3.81
54 Calcite 2066 | 100 | 3.01 | 39.68 | 13.80 | 227 | 43.42 | 12.99 | 2.08
c o Albite 30.68 | 13.08 | 2.27 | 43.42 | 12.99 | 2.08 | 48.78 | 11.84 | 1.86
g 3 Calcite 29.57 | 100 302 [39.60 | 1251 | 227 | 4869 | 12.40 | 1.87
8 I 51 Quartz 39.60 | 1251 | 227 | 2677 | 878 332 | 2098 | 693 | 4.23
g 8 Albite 30.60 | 1251 | 227 | 4869 | 1240 | 1.87 | 43.34 | 11.29 | 2.08
o = Calcite 29065 | 100 | 3.01 | 39.65| 1538 | 227 | 47.77 | 1411 | 1.90
49 | Clinoptilolite | 29.65 | 100 | 3.01 |43.39 | 1397 | 2.08 | 1495 | 8.86 | 5.92
Halite 3204 | 827 | 279 |56.82 | 2.20 162 | 4563 | 1.05 | 1.98
_ Calcite 2059 | 100 | 3.01 | 3958 | 14.76 | 227 | 47.69 | 13.88 | 1.90
= 3 44 Halite 31.80 | 572 | 2.81 | 45.60 | 2.42 198 | 57.62 | 7.50 | 1.60
S 8 Kaolinite 998 | 29.10 | 8.85 | 3958 | 14.76 | 2.27 | 47.69 | 13.88 | 1.90
= = Calcite 2056 | 100 | 3.02 | 3958 | 12.94 | 227 | 47.73 | 12.15 | 1.90
ol g 39 | Clinoptilolite | 2956 | 100 | 3.02 | 3958 | 12.94 | 227 | 31.82 | 12.08 | 2581
Halite 31.82 | 12.08 | 2.81 | 4555 | 3.09 199 | 56.65 | 1.08 | 1.62
Gypsum 2031 | 1873 | 3.04 | 2358 | 1161 | 3.77 | 31.31 | 1081 | 2.85
@ 36 Quartz 11.82 | 100 | 748 |[5051| 167 1.80 | 39.61 | 0.74 | 2.27
3 Calcite 2031 | 1873 | 304 | 2963 | 452 301 | 4349 | 270 | 2.08
0 31 Calcite 2057 | 100 | 3.02 | 3958 | 14.12 | 2,27 | 43.31 | 13.29 | 2.08
g 28 Calcite 2960 | 100 | 3.01 | 4333 | 1535 | 2.08 | 48.69 | 14.06 | 1.86
- Calcite 2061 | 100 | 301 | 39.62 | 13.11 | 227 | 48.73 | 1145 | 1.86
26 Quartz 3062 | 1311 | 227 | 2681 | 507 332 | 5762 | 489 | 159
Dolomite 30.86 | 3.15 | 2.89 | 48.73 | 1145 | 1.86 | 57.62 | 489 | 1.59
Calcite 2960 | 100 | 301 |4870| 1214 | 186 | 4335 |11.21 | 2.08
= Halite 2960 | 100 | 3.01 |3958 | 13.06 | 227 | 56.76 | 1.79 | 1.62
= £ 24 Quartz 26.81 | 891 | 332 |3186| 6.12 2.80 | 57.57 | 4.49 | 1.60
£ & Albite 3958 | 13.06 | 227 |4870 | 1214 | 1.86 | 4335 [11.21 | 2.08
il Dolomite 28.05 | 1.13 | 318 [3098 ] 201 288 | 4870 |12.14 | 1.86
’1 Calcite 2957 | 100 | 302 |3957 | 1355 | 227 | 4330 | 12.60 [ 2.08
Halite 4560 | 075 | 1.98 | 3159 | 165 283 | 4560 | 075 | 1.99
Calcite 2960 | 100 | 301 |4872| 1750 | 1.86 | 39.61 | 16.91 | 2.27
20 Halite 3185 | 994 | 280 |4558 | 7.31 198 | 56.71 | 2.36 | 1.62
Quartz 3961 | 1691 | 227 |2678| 752 332 | 57.63 | 484 | 159
19 Calcite 2958 | 100 | 3.01 | 3957 | 1420 | 227 | 48.68 | 13.92 | 1.87
Calcite 2960 | 100 | 3.01 |39.61 | 1315 | 227 | 4335 |12.26 | 2.08
15 Quartz 3961 | 13.15 | 227 |57.60 | 4.33 160 | 26.80 | 2.80 | 3.32
Dolomite 3089 | 605 | 289 |4870 | 957 186 | 56.82 | 1.96 | 1.62
> | 1 Dolomite 30.88 | 100 | 2.89 |41.05| 1228 | 2.19 | 44.84 | 833 | 2.02
g Quartz 50.83 | 7.32 | 179 |5022| 578 181 | 26.76 | 3.28 | 3.33
o c 1 Calcite 2958 | 100 | 3.02 [36.13 | 1033 | 248 | 4727 [ 1245 1.90
8| c 2 Gypsum 3956 | 13.86 | 2.27 | 43.33 | 12.33 | 2.08 | 48.63 | 12.32 | 1.87
Q|2 O 10 Calcite 2956 | 100 | 39.56 | 13.86 | 2.27 227 | 4331 |13.08| 2.08
2 2 Calcite 2965 | 100 | 3.01 |36.26 | 11.47 | 247 | 39.68 | 1491 | 2.27
s |- Ei 3 Halite 3195 | 452 | 280 [5686| 231 161 | 57.68 | 4.35 | 1.59
= I Dolomite 3099 | 1.85 | 288 |4874 | 9.92 1.86 | 57.68 | 4.35 | 1.59
S 1 Calcite 2322 | 773 | 382 | 2958 | 100 301 | 39.61 | 1.96 | 2.82
Gypsum 11.77 | 481 | 751 [ 2079 | 053 427 | 4335 |11.27 | 2.08
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Table (2): Weathering index values of Middle and Late Eocene Carbonates.

Age Fms. | CaO | MgO | Na,0 | K,0 | sio, | ALOs | Fe,0, | TiO, \:\r’ﬁjf;i:t?g
< Y—
@ 5
C o
8] T |425| 071 | 010 | 009 | 1189 | 185 107 | o011 0.76
o | &E] Z
S
8 -
g :
£ 18| & |4260| 154 | 020 | 002 | 1025 | 2.23 097 | 011 0.77
312 :
e =
3]
e8] c
g 4826 | 118 | 077 | 009 | 391 | 151 055 | 0.08 0.89
)
S
©
2 c | 5035 | 333 | 007 | 001 | 090 | 046 003 | 001 0.97
s | 3| &
s | B| ©
B3 <
= 3
£ |5098 | 113 | 073 | 003 | 174 | o8l 027 | 0.03 0.94
O

Table (3): chemical analyses (Major components in Wt. %) of Middle Eocene (Lutetian , G. Houf

Fm.) limestone's.

c
W § sNo | SiO» | AlLOs | Fe05 | CaO | MgO | N&O | K0 | CI | SOs | LOII
< E % % % % % % % | % | % | %
LL
H8 145 | 071 | 013 | 5071 | 1.13 | 003 | 001 | 0.11 | 2.43 | 43.32
H7 105 | 072 | 011 | 5117 | 071 | 091 | 0.03 | 0.10 ] 3.06 | 42.13
2 H6 121 | 085 | 016 | 5233 | 049 | 004 | 001 | 1.71] 046 | 43.07
Sls| s H5 152 | 055 | 019 | 5203 | 1.71 | 039 | 0.03 | 0.20] 045 | 4205
YlB| 2 H4 195 | 071 | 025 | 4923 | 154 | 061 | 003 | 1.48 | 1.31 | 4320
3|/3| o H3 197 | 070 | 025 [5039 | 1.55 | 059 | 003 |083] 131 | 4291
S H2 193 | 082 | 039 |5521 | 084 | 022 | 002 | 002|033 | 4047
H1 281 | 144 | 069 | 4678 | 1.06 | 3.08 | 007 | 005|172 | 41.90
Average | 174 | 081 | 027 [5098 | 113 | 073 | 003 [ 056 | 1.38 | 42.38

content than those given by Pettijohn (1975)
0.7 to 7.91 %, can be attributed to the presence
of SiO, in the form of quartz grains which were
microscopically identified.

Corbel (1959) proved that there is an
increase in SiO, content towards the warmer
climatic zone while Dekimpe et al. (1961)
noted that with increasing pH there is a
decrease in the silica content.

Accordingly Middle and Late Eocene
limestone were mostly deposited under
relatively warm alkaline conditions. However
the pH degree of alkalinity during Middle
Eocene, G. Houf Fm. (Less in SiO, content)
was higher than that prevailed during Middle
and Late Eocene time.
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Table (4): chemical analyses(Major components in Wt. %) of Middle Eocene
Lutetian , observatory Fm.) limestone's
c
w o | S
g<9 E SNo s(i)o2 AI0203 Fe,0; | CaO MgO | NaO | KO | o | SOs | LOI
S % % % % % % % % %
H-14 051 | 0.42 0.01 56.39 0.59 0.03 0.01 | 0.06 | 2.07 | 40.69
@ > H-13 071 | 031 0.02 50.63 0.45 0.04 | 0.02 | 0.04 | 5.31 | 42.76
&1 &l 8 H-12 1.94 0.16 0.05 36.22 17.76 0.16 0.01 | 0.06 | 0.75 | 42.76
i a E H-11 0.72 0.55 0.05 49.48 0.32 0.05 0.02 | 0.08 | 2.18 | 45.76
% 2 ﬁ H-10 0.71 0.74 0.03 54.77 0.39 0.06 0.01 | 0.31 | 0.80 | 42.45
=2 © H-9 0.81 | 0.55 0.04 54.62 0.44 0.06 0.01 | 0.12 | 0.58 | 43.10
= Average | 0.90 | 0.46 0.03 50.35 3.33 0.07 0.01 | 0.11 | 1.95 | 4292
Table (5):- chemical analyses(Major components in Wt. %) of Late Eocene
(Bartonian , Qurn Fm.)limestone's
S
w S S.No Si0, | AlL,O; | Fe,0; | CaO | MgO | Na,0 | K,0% | Cl so; | L.oO.
Q £ % % % % % % % % %
S
Q-35 1.38 0.84 0.10 52.02 1.81 0.25 0.03 0.21 0.43 42.96
Q-34 1.28 | 037 | 028 | 5375 | 043 | 0.04 | 002 135 | 073 [ 41.99
Q-33 145 | o066 | 018 | 5241 | 043 | 038 | 003 | 055 | 389 | 4023
Q-32 4.64 1.08 0.46 40.01 0.55 1.55 0.11 2.40 25.70 23.26
Q-31 188 | 056 | 012 | 5402 | 049 | 017 | 002 | 058 | 032 [ 4246
Q-30 138 | 056 | 007 | 5309 | 040 | 012 | 001 | 059 | 011 | 43.33
Q-29 218 | 043 | 008 | 5381 | 041 | 009 | 003 | 012 | 006 [ 42.96
Q-28 172 | 081 [ 017 | 53.83 | 048 | 011 | 0.02 | 025 | 003 | 4327
Q-27 3.60 1.47 0.42 50.46 0.70 0.36 0.04 0.79 0.26 41.97
§ = Q-26 414 | 166 | 050 | 4837 | 222 | 031 | 003 | 0.8 | o016 | 4188
S| | € Q-25 8.18 178 | 065 | 4594 | 065 126 | 020 | 217 | 0.9 | 39.29
i el g Q-24 10.08 | 207 | 085 | 4266 | 123 | 088 | 028 | 147 | 013 [ 39.80
5 8 Q-23 378 | 238 | 105 | 4631 | 208 | 102 | 033 | 175 | 013 [ 4117
— Q-22 3.35 2.68 0.91 44,08 2.16 1.40 0.12 3.64 0.20 41,46
Q-21 337 | 353 | 133 | 4031 | 101 | 475 | 023 | 744 | 099 [ 37,04
Q-20 9.68 | 307 | 101 [ 4160 | 136 | 193 | 011 | 3.86 | 017 | 3757
Q-19 2.03 0.81 0.20 50.71 0.54 0.24 0.02 1.51 0.32 42.49
Q-18 6.06 1010 [ o051 [ 4862 | 125 | 021 | 002 | 078 | 029 | 40.98
Q-17 3.60 2.48 0.82 47.03 1.56 0.25 0.03 1.67 0.11 42.44
Q-16 398 | 306 | 131 | 4556 | 297 | 054 | 009 | 091 | 016 [ 4142
Q-15 440 | 095 | o064 | 4883 | 212 | 029 | 003 | 087 [ 021 | 4191
Average | 391 | 151 | o055 [ 4826 | 118 | 077 | 0.09 | 161 | 164 | 4047
Table (6):-chemical analyses(Major components in Wt. %) of Late Eocene
(Bartonian ,W. Garawi Fm.)limestone's
s
u = S.No Sio, | AlLO; | Fe,0; | CaO | MgO | Na,0 | K,0 cl so; | LoO.
< E % % % % % % % % % %
e
W.G-49 | 3.77 | 1.21 | 046 | 46.65 | 120 | 0.41 | 0.04 | 1.07 | 9.91 | 35.40
W.G-48 | 683 | 169 | 073 | 4585 | 197 | 010 | 0.01 | 1.25 | 0.94 | 41.22
° s | W.G-47 | 1062 | 212 | 098 | 4117 | 267 | 0.09 | 0.02 | 241 | 015 | 4155
§| 8| & | WG46 | 615 | 133 | 059 | 4651 | 1.83 | 0.02 | 001 | 2.01 | 0.03 | 42.43
g s G | WG4a5 | 652 | 1.69 | 058 | 4581 | 212 | 003 | 001 | 1.34 | 014 | 42.26
@ 5| 2 | wG-44 | 2055 | 402 | 1.78 | 3553 | 112 | 0.60 | 0.05 | 2.00 | 0.85 | 34.69
J| = W.G-43 | 18.07 | 415 | 1.92 | 37.07 | 1.00 | 0.26 | 0.03 | 1.87 | 0.19 | 36.38
W.G-39 | 950 | 1.63 | 0.68 | 42.90 | 2.25 | 0.08 | 001 | 3.83 | 0.17 | 41.59
Average | 10.25 | 2.23 | 0.97 | 42.69 | 1.54 | 0.20 | 0.02 | 1.97 | 1.55 | 39.32
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Table (7): Chemical composition (Major components in Wt. %) of LateEocene
(Priabonian, Wadi Houf Fm.)limestone's
L %)
o E S.No Si0; | ALO; | Fe,05 | Ca0% | MgO | Na,O | KO | ClI SO; Lol
% % % % % % % % %
o - W.H54 | 1700 | 236 | 1.26 | 4170 | 0.74 | 012 | 010 | 075 | 002 | 36.17
o
% 2| 8| % WH51 | 1213 | 174 | 087 | 4556 | 071 | 011 | 012 | 019 | 0.09 | 3827
48l ay 3T W.H 50 655 | 145 | 1.09 | 4848 | 067 | 006 | 004 | 063 | 013 | 4131
Average | 11.89 | 185 | 1,07 | 4525 | 071 | 010 | 009 | 052 | 0.08 | 3858

Aluminum Oxide:

According to Krauskopf (1956) and Wey
(1961), Al,O3 is more soluble in acidic medium
than SiO, and in neutral medium (5-6 pH)
AlL,O; is insoluble whereas SiO, retains its
solubility. In alkaline medium the two
solubility's meet and increase together (pH over

35 4
3 4
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Figure (3): Distribution curves of chemical components
%) of Middle Eocene( G. Houf Fm.) limestor

9). The consistent distribution of both Al,Os
and SiO,favoured their contemporaneous
deposition suggesting that the pH of the
medium was 7.8 to 8.

25+
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Figure (4): Distribution curves of chemical

components (in wt. %) of Middle
Eocene (observatory Fm.) limestone.
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Table (8): Average chemical composition (Major components in wt. %) of Middle and Late

Eocene limestone.

g 2 | a $i02 | AI203 | Fe203 | CaO | MgO | Na20 | K20 | 1 | 503 | L.OI
& = TEREER | g % % % % % % | % | % %
R Min. 1189 | 143 107 | 4170 | 067 | 006 | 004 | 0.19| 002 | 36.17
g S
2| E Max. | 1700 | 183 126 |4848| 074 | 012 | 012 [075| 0.13 | 4131
E| B Average | 1180 | 185 107 | 43525 | 071 | 010 | 009 | 052 008 | 3858
g o Min. 613 | 121 059 |[3707| 100 | 002 | 001 | 107| 003 | 3540
L¥] r]
=i = Max. | 2035 | 4.15 102 | 4665 | 267 | 041 | 004 |383| 991 | 4243
s || @
= o .
3 m Z | Average | 1023 | 223 097 |4269| 154 | 020 | 002 | 197 1355 | 3932
& Min. 128 | 037 007 |4001| 040 | 004 | 002 |012| 009 | 2326
nm Max. | 1008 | 3.53 133 | 3383 | 222 | 475 | 033 | 7442570 | 4333
Average | 391 | 191 053 |4826| 118 | 077 | 009 | 161 | 164 | 4047
o Min. 051 | 031 001 |[3622| 032 | 003 | 001 |006| 0.58 | 4.69
g
z : Max. 194 | 074 003 | 3630|1776 | 016 | 002 | 031 531 |43.10
] g &
= .m_ 2 | Average | 080 | 046 003 |3035| 333 | 007 | 001 |011| 195 | 4282
=)
=1 =
3 | = . Min. 103 | 053 011 |467%| 049 | 003 | 001 | 002 033 | 4047
= S
i Max. | 281 | 144 069 |3233| 171 | 308 | 007 |171| 3.06 | 4238
4]
Average | 174 | 081 027 |309%| 113 | 073 | 0903 |036| 138 | 4132

Table (9): Average Ca/Mg ratio in Middle and Late Eocene limestone
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Iron oxides:

The distribution of ferric oxide in Middle
and Late Eocene carbonates (Table 4) shows to
a great extent consistent distribution with those
of both SiO, and Al,O3 suggesting the presence
of Fe,O; connected with silt or clay fractions in
The variation in Fe,Os; concentration among
Middle and Late Eocene carbonates (Table 4
and fig.3) can be attributed agreement with
Martens (1939). Millot (1970) stated that
"during diagenesis iron has a great tendency to
re-enter silicate structure. Castano and Garrels
(1950) stated that" the residence time for iron
and alumina in sea in years is very short. Hence
it should expect that iron oxides, silica and
alumina are to be concentrated in continental
and near-shore marine environments"”. to va-
riation in the environment of deposition.
However the pH degree of alkalinity during
Middle Eocene, W.Houf Fm.(Less in Fe,Os
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Figure (5):- Distribution curves of chemical
components .(in wt. %) of Late Eocene (W.
Garawi Fm.) limestone.
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was lower than that prevailed during Middle
and Late Eocene time.

Oxides forming carbonate
Calcium Oxide:

The distribution of CaO in limestones
reveals that there's a decrease inCaO content
with time from Middle Eocenetowards Late
Eocene contrary to the silica distribution .
However Trask (1939) mentioned that" the
higher the salinity, the greater the content of
CaCQOg, this relationship is connected with
higher ~ temperature  and  greaterorganic
production”. In addition Kukal (1971) stated
that" the content of natural salts and increase in
temperature decrease the CaCOs; solubility and
also the increased content of Ca®* ions from
other sources cause the decreased solubility of
CaCOs-. Nevertheless the higher CaCOs
content at Middle Eocene, G. and Houf Fms.)
limestone seems to be due to the fact that the
depth of water during deposition was not deep
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Figure (6):- Distribution curves of chemical
components (in wt. %) of Late Eocene (Qurn

Fm.) limestone
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enough to cause a great variation in
temperature and to increase the solubility of
CaCO; or the amounts of the argillaceous
materials derived to the site of deposition
were un-considerable, leading to the relative
increase in the CaCO; at the expense of SiO,
and Al,O; contents.

Magnesium oxide:

The distribution of MgO in Middle Eocene
and Late Eocene reveals that MgO follow CaO
in its manner of distribution. This can be
attributed to variations in the ecological and
paleontological parameters of the environments
under which the studied limestones were
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Figure (7): Distribution curves of chemical

components (in wt. %) of Middle and Late Eocene
limestone

deposited. Chave (1954) suggested that there is
a direct relation between the content of MgO
and temperature.

Chilingar (1963) stated that "the MgO
content increases with salinity but is
simultaneously affected by so many other
factors that it cannot serve as an adequate indi-
cator". He also noted that in carbonate
sediments the Ca/ Mg ratio increases sea wards
with depth. Chilingar (1967) stated that " in as
muchas shallow near-shore waters are
systematically warmer as arule than deep off-
shore waters; the gross Ca/Mg ratio reflects
temperature-depth-distance from shore."
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Figure (8): Distribution curves of chemical

components (in wt. %) of Late Eocene (Wadi Houf

Fm.) limestone
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Thegross Ca/Mg ratio is represented by table
(10) and figure (9), suggest that there is no
particular trend for the distribution of Ca/Mg
average ratio and this can beattributed to the
selective adsorption of Mg®* by illlte clays
Chilingar (op.cit) so, the gross ratio reflects the
illite content or perhaps the degree of
diagenesis of Middle and Late Eocene
limestone.
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Fig. (9): Average Ca/Mg in Middle and Late
Eocene limestone

Qurn

Sodium and Potassium oxides:

From table (10) and figure (10) it is
obvious that Na,O predominates K,O in Middle
Eocene, Lutetian, (G. Houf Fm) and Late
Eocene limestones except for those of Middle
Eocene, ( observatory Fm.). The outstanding
characteristics of K,O in comparison with that

IBRAHIM, A.M., et al.

of Na,O has been noted for a long time in a
way like that described by(Noll, 1931 ; Urbain,
1933; Goldschmidt, 1937; Harvey, 1949 and
Millot 1949). Milot (1949) stated that "one
sees that in the course of continental
weathering sodium turns out to be much more
mobile than potassium and dominates the latter
in natural water. Potassium is sorted up and
conserved in a preferential way". Again Millot
(1970) mentioned that "if one considers the
behaviour of K ions in solution, one sees that
they are preferentially adsorbed by the fine-
grained particles of the sediments".
Consequently the slight predominance of K,O
contents over Na,O contents in Middle Eocene,
(observatory Fm.) limestones could be
understood according to Garrels and Christ
(1965) and Weaver (1967), the K/Na ratio is
very important, where low ratio favour the
formation of montmorillonite materials and
high ratio leads to the formation of illite. It
seems that clays in the form of illite
predominate over montmorillonite clays in
Middle Eocene, (observatory Fm.) and
montmorillonite predominate over illite in
Middle Eocene, Lutetian, (G. Houf Fm) and
Late Eocene Formations limestones.

Table (10): Average K / Na Ratio in Middle and Late Eocene limestone

Age Middle Eocene Late Eocene
Fms G. Houf observatory | Qurn W. Garawi W. Houf
K 0.02 0.65 0.06 0.01 0.06
Na 0.54 0.05 0.57 0.15 0.07
K / Na Ratio .04 13 0.11 0.07 0.85
14 -
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Fig. (10): Average K/ Na Ratio in Middle and Late Eocene limestone.
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Soluble chlorides:

The soluble chlorides contents of Middle
and Late Eocene limestones are relatively
higher than that given by (Turckian and

Wedepohl, 1961) (0.015%), indicating the
prevalence of warm climate as well as
relatively shallow occasionally restricted
medium.

Abundance and distribution of trace elements:

The major features of the distribution of
trace elements in sedimentary rocks can be
related to ionic size charge and bond character,
Most of the trace elements are more abundant
in fine-grained detrital sediments than in
sandstones or carbonate rocks. notable
concentrations of trace elements formed by
sedimentary processes alone are not common
(Krauskopf, 1979). Since the elements behave
differently in their migration and deposition so,
the abundance and behavior of each element in
Middle and Late Eocene carbonate sediments
will be considered.
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Titanium:

Titanium is the most abundant trace
element recorded in Middle and Late Eocene
limestones. Since the average concentration of
titanium in carbonates, given by Turekian and
Wedepohl (1961) is 400 ppm, The lower
average titanium contents were recorded in the
limestone’s of Middle Eocene Lutetian
(observatory and G. Houf Fms.), and the
heights contents in Late Eocene, Bartonian,
(Qurn and W. Garawi Fms.) and in Late
Eocene, Priabonian, (W. Houf Fm.) limestone’s
(tablel2). The distribution of titanium in
Middle and Late Eocene limestones does not
show any particular trend for distribution and
this can be attributed to the different rates of
sedimentation (Arrhenius, 1954).The high Ti
content values recorded in Late Eocene
limestones can be attributed to the amounts of
terrigenous materials brought to the site
deposition (Isayeva, 1977).

Table (11): chemical analyses(trace elements in Wt. %) of Middle Eocene (Lutetian , G. Houf Fm.)

limestone's
5
Age g S.No TiO2 P205 MnO SrO Cr203 Zn0O
g
H8 0.01 0.03 0.00 0.09 0.00 0.00
° H7 0.02 0.04 0.00 0.12 0.00 0.00
S H6 0.02 0.05 0.01 0.08 0.00 0.01
u%:j | 5 H5 0.03 010 [ 0.01 0.12 0.00 0.01
® § I H4 0.04 0.14 0.01 0.14 0.00 0.02
S| 3| 0 H3 0.04 014 | 0.01 0.14 0.00 0.01
'§ H2 0.04 0.13 0.02 0.15 0.00 0.01
H1 0.05 0.12 0.05 0.11 0.00 0.00
Average 0.03 0.09 0.02 0.12 n.d 0.01

Table (12): chemical analyses(trace elements in Wt. %) of Middle Eocene (Lutetian , observatory

Fm.) limestone's

AGE | Fms | SNo TiO2 | P205 | MnO SrO | Cr203 | znO
N H-14 0.01 0.02 0.01 0.07 0.00 0.00
S > | H-13 0.01 0.03 0.00 0.13 0.00 0.00
sl &| g H-12 0.01 0.03 0.01 0.16 0.00 0.00
o | 2| 2 H-11 0.01 0.03 0.01 0.06 0.00 0.01
S| 3] & H-10 0.01 0.03 0.00 0.08 0.00 0.00
S ° H-9 0.01 0.03 0.01 0.08 0.00 0.00

Average 0.01 0.03 0.01 0.10 n.d 0.01




120 IBRAHIM, A.M., et al.

Table (13):- chemical analyses(trace elements in Wt. %) of Late Eocene

Fm.)limestone's

(Bartonian , Qurn

Garawi

[=
w | £
'~<9 E S.No Tio2 P205 MnO SrO Cr203 ZnO
B+
Q-38 0.04 0.03 0.00 0.40 0.01 0.00
Q-37 0.06 0.03 0.01 0.29 0.00 0.00
Q-36 0.06 0.03 0.01 0.36 0.00 0.00
Q-35 0.02 0.05 0.01 0.17 0.00 0.00
Q-34 0.02 0.04 0.03 0.15 0.00 0.00
Q-33 0.02 0.03 0.01 0.15 0.00 0.00
Q-32 0.07 0.06 0.01 0.25 0.00 0.00
Q-31 0.01 0.03 0.01 0.11 0.00 0.01
Q-30 0.01 0.03 0.01 0.11 0.00 0.01
Q-29 0.02 0.05 0.01 0.11 0.01 0.00
@ c Q-28 0.02 0.07 0.01 0.14 0.00 0.01
§ .g < Q-27 0.05 0.07 0.01 0.22 0.01 0.01
w S F Q-26 0.07 0.21 0.01 0.23 0.01 0.02
gls| ® Q-25 010 | 007 | 001 | 018 0.01 0.01
- Q-24 0.12 0.07 0.01 0.21 0.01 0.02
Q-23 0.16 0.08 0.02 0.22 0.01 0.03
Q-22 0.12 0.09 0.01 0.19 0.01 0.01
Q-21 0.19 0.41 0.01 0.09 0.01 0.00
Q-20 0.13 0.16 0.01 0.11 0.01 0.01
Q-19 0.03 0.08 0.01 0.10 0.01 0.01
Q-18 0.07 0.08 0.01 0.25 0.00 0.02
Q-17 0.11 0.11 0.01 0.13 0.01 0.03
Q-16 0.16 0.17 0.01 0.17 0.01 0.03
Q-15 0.08 0.10 0.02 0.25 0.01 0.02
Average 0.08 0.10 0.01 0.17 0.01 0.02
Table (14):-chemical analyses(Major components in Wt. %) of Late Eocene (Bartonian ,W.
Fm.)limestone's
§
§ g S.No Tio2 P205 MnO Sr0 Cr203 Zn0
iy
W.G- 49 0.06 0.08 0.00 0.43 0.01 0.00
W.G- 48 0.08 0.11 0.00 0.33 0.01 0.00
. W.G -47 0.11 0.13 0.00 0.29 0.01 0.00
S = - W.G- 46 0.07 0.09 0.01 0.31 0.00 0.00
ugJ g § W.G-45 0.07 0.11 0.00 0.31 0.00 0.00
g g 8 W.G- 44 0.19 0.11 0.03 0.24 0.01 0.00
~ s W.G- 43 0.20 0.10 0.04 0.24 0.01 0.00
W.G- 39 0.07 0.08 0.01 0.34 0.01 0.00
Average 0.11 0.10 0.02 0.31 0.01 n.d
Again titanium has an intermediate ionic Phosphates:

potential, hence it is precipitated by hydrolysis
in the form of hydroxides at still low alkaline
pH wvalues. It seems that Late Eocene
limestones were deposited under alkaline con-
ditions that permit Ti to be concentrated in Late
Eocene Limestones.

were recorded

The distribution averages of P,Os show that
there is no particular trend for distribution with
time.

The lower average P,Os average contents

in the

limestones of Middle
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Eocene Lutetian (observatory and G. Fms.)
(table 16), and the high contents in Late
Eocene, Bartonian, (Qurn and W. Garawi Fms.)
and Priabonian, (W. Houf Fm.) limestones
(table 16) than the average given by Turekian
and Wedepohl (op.cit) (0.04 %)reveals that
Late Eocenelimestones were deposited under
reduced slightly alkaline conditions (Kukal,
1971) that permit P,Os to be concentrated in
Late Eocene limestones.

Manganese Oxide:

The averages of manganese in Middle and
Late Eocene limestones show that it is present
in subordinate concentrations in comparison
with that given by Turekian and Wedepohl,
1961, (1100 ppm). The subordinate manganese
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concentration can be attributed to the fact that
manganese is less mobile under oxidizing
conditions and it willbe mobilized in a
reducing environment and precipitated as
divalent ion in carbonates (Manheim, 1961;
Wedepohl, 1964 and Hartmann, 1964). It
seems that Middle and Late Eocene limestones
were deposited underrelatively reduced alkaline
conditions that permit Mn to be mobilized.

Strontium Oxide:

The distribution of Strontium in Middle
and Late Eocene limestones does not show any
particular trend. Chilingar (1967) stated that
"Strontium increases towards shore-wards,
where warm waters". Kukal (1971), Kitano and
Kawasaki (1958) and Bathurst (1968) sug-
gested that the SrO content is affected mainly

Table (15): Chemical composition (trace elements in Wt. % of Late Eocene (Priabonian, Wadi Houf Fm.) limestone's.

[N %)
(<.(’) E S.No TiO2 | P205 | MnO SrO | Cr203 | zZnO
® c W.H 54 0.17 0.14 0.01 0.23 0.00 0.00
% § _c% © "g "g W.H 51 0.09 0.12 0.01 0.23 0.00 0.00
-39 = | 2 I W.H 50 0.08 0.09 0.00 0.18 0.00 0.00
o Average | 0.11 0.11 0.01 0.21 n.d n.d
Table (16): Average Chemical composition (Major components in Wt. %) Of Middle Eocene limestone
L [%2] .
g E Range TiO2 P205 MnO SrO 0 Cr203 ZnO
= Min. 0.08 0.09 0.01 0.18 n.d n.d
5 5 Max. 0.17 0.14 0.01 0.23 n.d n.d
8 . 3
= =T Average 0.11 0.11 0.01 0.21 n.d n.d
(5]
§ s Min. 0.06 0.08 0.01 0.24 0.01 nd
@ - z S Max. 0.20 0.13 0.04 0.43 0.01 n.d
= ©
S g © Average 0.11 0.10 0.02 0.31 0.01 n.d
§ - Min. 0.01 0.03 0.01 0.09 0.01 0.01
g Max. 0.19 0.41 0.03 0.25 0.01 0.03
Average 0.08 0.10 0.01 0.17 0.01 0.02
> Min. 0.01 0.02 0.01 0.06 nd 0.01
o
2 s Max. 0.01 0.03 0.01 0.16 n.d 0.01
8 c !
o © Qo
I = [S) Average 0.01 0.03 0.01 0.10 n.d 0.01
D =
3 3 = Min. 0.01 0.09 0.01 0.08 nd 0.01
= 2 Max, 0.05 0.14 0.05 0.15 nd 0.02
o Average 0.03 0.09 0.02 0.12 nd 0.01
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by the aragonite content and SrO content in
carbonate sediments appear to be a reliable
indicator of the salinity and temperature.

Pilkey and Godell (1963) record that
differences in salinity cause greater changes in
shell composition than differences in
temperature. Accordingly, the high strontium
content in the studied carbonates than the
average given by Turekian and Wedepohl,
(1961) (610ppm) suggests that the salinity and
temperature of the environment was high saline
and to certain extent high temperature.

Chromium oxide:

Chromium oxide did not detected in Late
Eocene, Priabonian, (W.Houf Fm.) rock unit.
Chromium oxide contents in Late Eocene,
Bartonian, (Qurn and W. Garawi Fms.),
carbonates rock units is higher than that given
by Turekian and Wedepohl, (1961) (11ppm). It
seems that Late Eocene, Bartonian, (Qurn and
W. Garawi Fms.), carbonates rock units were
deposited under more alkaline conditions that
permitCr,O; to be concentrated.

Zinc Oxide:

Late Eocene Bartonian (W. Garawi Fm)
and Priabonian (W. Houf Fm.) rock units, the
Zinc oxide is not detected(Tables 12- 17, Figs
11- 16 ).The detected Zinc Oxidecontents in
Middle Eocene, Lutetian, (G. Houf and
observatory Fms) and Late Eocene, Bartonian,
(Qurn Fm.) is higher than that given by
Turekian and Wedepohl, (1961) (20 ppm)
reveal formation underrelatively reduced
alkalineconditions that permit zinc oxide to be
concentrated.

Physiochemical Parameters
1- Temperature:

The values of the Ca/Mg, ratio during
Middle and Late Eocene rocks carbonates
suggest that they are limestones relatively rich
by magnesium reflecting prevalence of warm
marine conditions with an occasional increase
in the temperature causing the increase in the
magnesium content of the precipitated calcium
carbonates, since the values of SiO,, Al,O; and
Fe,Og, indicate that the amount of clay minerals
is practically negligible.

2- Salinity:
The soluble chlorides contents during

Middle and Late Eocene times are relatively
higher than that given by (Turekian and
Wedepohl, 1961) (0.015%), indicating the
prevalence of warm climate as well as
relatively shallow occasionally restricted
medium.

3- The Acidity and Alkalinity (pH):

Middle and Late Eocene sediments consists
of proper limestone beds as well as highly
calcareous beds with an oscillation in the
oxygen and CO, contents at time intervals sug-
gesting the prevalence of alkaline conditions.

4- Recrystallization and dolomitization:

Recrystallization according to Bausch
(1968) or aggrading neomorphism is restricted
to limestones with less than 2% clays.
Generally, Middle and Late Eocene times
carbonate sediments, according to Tucker’s
classification (1981), are clustered mainly as
limestones (Less than 10 % MgCQOj).  The
classification of Middle and Late Eocene
carbonate sediments as limestones supports the
assumption of local dolomitization and local
source of magnesium ions.

CONCLUSIONS

Middle and Late Eocene sediments are sub-
divided into five rock units from base to top:
Middle Eocene (Gebel Houf and Observatory
Formations); Late Eocene (EL-Qurn, Wadi
Garawi and Wadi Houf FormationsMineral
composition was done on nineteen carbonate
samples (using x-ray diffraction method. The
study reveals the presence of a number of
carbonate minerals; calcite, dolomite, and non-
carbonate minerals name Gypsum, Anhydrite,
Halite, and quartz in variable amounts.
Chemical composition of the carbonate rocks
for fifty four samples (major and trace
elements) represent Middle and Late Eocene
carbonates were done. The data reveal that
Middle and Late Eocene carbonates were depo-
sited undershallow, alkaline and oxidizing
environmental conditions.
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