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MICROPROBE ANALYSIS OF THE GLAUCONITE PELLETS
OF THE LIDAM FORMATION NW SIRT BASIN, LIBYA

M. El-Bakai*
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ABSTRACT reflect localized concentration of K5 0. The roundness

of glauconite pellets and their replacement by dolomite

The glauconite pellets of the Lidam Formation in suggest that they might have been transported early to
north-west Sirt Basin, Libya, have been classified into the outer ramp. The glauconite pellets are a valuable
three types. They are grass-green pellets, light-green marine indicator. They oceur mainly in relatively shal-
pellets and brownish-yellow pellets. low water, at depths between 60-300m. They are
The microprobe analysis of the three types shows particularly characteristic of the inner part of the
that the brownish-yellow pellets are the same as continental shelf. This highly glauconitic bed of Ceno-
grass-green pellets, but the Fe®™, Fe*" and K were manian age mark the base of a transgressive sequence.

possibly replaced by Aly;. These brownish-yellow
grains reflect a history of more oxidizing conditions,

either through subaerial exposure or transport in shal- INTRODUCTION

low turbulent waters during Upper Cenomanian-Lower

Turonian low sea level stands. The light-green pellets The Lidam Formation in the study area (Fig. 1)

represent the transition stage between the other two is composed of very shallow marine carbonates

types. It also shows that the mean values of K, 0 in the with thin lenses of sandstones, particularly in the

grass-green pellets (glauconite mineral) is 8.7 which lower part. The lower part of the Lidam Formation
shows a local mixing with the sandstone of the Bahi

*Petroeum Research Centre, P.O. Box 6431, Tripoli, G.S.P.L.AJ. formaton. Very common greenish-grey dolomitic
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FIG. 1. Study area and location of wells.
glauconite beds were encountered in wells D1-32 and
A2-32. Glauconite pellets were found throughout the = Limestone Anhydrito
Lidam sedimcfnls, but more commonly in the lower Bl imetions S
part (EI-B_akal’ 1989)' z 2 "—_:'—_:é Dolamite Glauconite
The Lidam Formation unconformably overlies EX buanktions T oo
. : ¥ » . . olomite Limestang o andsione
various units including the Nubian Formation, the
Bahi Formation and igneous-metamorphic base- 3P R
ment. It is usually overlain by the Upper Creta-
ceous Etel Formation with apparent conformity ARGUB. FOAMATION

(Barr and Weegar, 1972). The Lidam Formation
is considered as Cenomanian in age by Barr and
Weegar, (1972, p. 121-122). Hammuda et al. (1985),
documented this formation as Cenomanian-Turonian
in age.
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The Lidam formation in its type section (Fig. 2),
consists mainly of well to moderately cemented
calcarenite, calcilutite containing skeletal material
and pellets at the upper part. The rock of the
Lidam Formation in the lower part is dominante ,
by dark greenish glauconitic dolomite. The thick- e S
ness of this interval varies between 3 to 6 metres. ¢l 3
The size of the glauconite pellets in the lower part { s
of the formation ranges from 0.3 to 20 mm. This
zone of glauconite probably represents the base
of the Cenomanian transgression in the Sirt FIG. 2. Type well of the Lidam Formation in the study
Basin. area (D1-32).
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The Lidam Formation is considered Cenomanian
in age. It is equivalent in age and, sometimes, in
lithology to surface outcrops of the Yefren member
and Nalut Formation in Jabal Nefusa North-Western
Libya.

METHODS OF STUDY

Polished thin sections were prepared [rom selected
core samples obtained from wells D1-32, A2-32 and
A4-32.

The analysis ol the glauconite pellets were made at
the center and cortices of each pellet.

GENERAL STATEMENT

Glauconite is a mica mineral which occurs almost
in marine sediments. It is generally accepted that
glauconites are probably formed by marine diagen-
esis in shallow water during periods of slow or
negative sedimentation. Its chemical formula is

(K., Na, Ca)l_g 3_0(F6+3, Als Fe+lv Mg)4.0
[Si; 75Al, 0.4020J(OH)4.n(H,0)

The thickness of these intervals is 10 ft (3 m) in well
A2-32 at depth 6215-6225 [t (18661869 m). It is 23 {t
(7 m) thick in well D1-32 at depth 7190-7213 ft (2159-
2166 m).

The polished slab cores are dark greenish-grey,
highly bioturbated with pure dolomite concretions
and assciated with pyrite nodules. No skeletal al-
lochems can be observed in the thin-sections. Only
interminate allochem ghosts occur, representing fos-
sils completely replaced by either secondary anhyd-
rite. or dolomite crystals. Elsewhere in the Lidam
Formaton e.g. the upper part of the formation, some
glauconite had replaced shells or had filled micro-
pores with echinoderms, bryozoans or foraminiferas.

The glauconite pellets are moderately well sorted
and usually larger than the dolomite crystals and
quartz grains. Their size range between 0.3 to 2 mm.
The glauconite pellets are mainly well rounded to
elliptical with rare irregular and narrow cracks. Their
margins are limonite resulting from the oxidation of
ferous iron (Adams et al., 1984). They commonly
occur in varying abundance throughout the entire
sequence of the Lidam sediments in the study area
(con. 32), and can be classified according to the colour
into three types:

— Grass-green pellets
— Light-green pellets
— Brownish-yelow pellets

The three types are similar to those described by
Baily and Atherton (1969).

Some glauconite pellets display brownish cores
and pale green margins, while others show dark
margins.

ELECTRON MICROPROBE ANALYSIS

Analysis of six polished thin-sections consisting of
30 to 75 glauconite grains using the Electron Micro-
probe shows significant differences between the three
types of glauconite pellets. Microprobe analysis in-
dicated higher content of FeO and K,O for the
grass-green and light grains, and lower content for
the brownish grains. P,Os; and Al,O; content are
higher for the brownish pellets and much lower for
the green pellets (Tables 1 and 2).

Iron and potassium: The analysis indicated that
FeO content in the light-green pellets varies between
4.10% to 19.07% (mean 16.07%), FeO content in the
grass-green pellets between 15.09% and 2231%
(mean 19%, Table 1), while in the brownish pellets
FeO varies between 0.46% to 19.39% (mean 14.79%).
Iron content was also found to vary significantly
between the center and margin of the brownish
grains, FeO content varied between 14.09% to
19.39% (mean 16.8%) in the margins of the
brownish-yellow grains, whereas the variation is be-
tween 0.46% to 9.38% (mean 5.8%) in the core.
Microprobe analysis of the grass-green glauconite
pellets gave K, O values from 7.97 to 9.36% (mean
8.7%) reflecting the highly localized concentration of
K.O.

The vaiues of K, O within the light-green glaucon-
ite grains range between 2.51% and 19.19% (mean
8.28%). The values within the brownish grains are
from 0.2% to 9.1% (mean 8.15%). There are slight
differences between the cores and margins of the
light-green grains (mean value of cores is 7.68%,
while it is slightly higher in the margins 8.98%). There
are significant differences in K, O values between the
cortices and centers of the brownish grains; the mean
value in cortices is 10.05% but in the center the mean
value is much lower 6.15%.

Fig. 3 shows the relation between K.O and FeO
in the three glauconite pellets. The three glauconite
grains show a direct correlation between FeO and
K,0. K,O in light-green grains increases from
about 7% at an FeO content of 12% to about
9.2% at an FeO content of 19%. It seems that
potassium started to enter the glauconite during
the second stage of formation after the grains have
achieved and TFeO content between 12-19%
(Bornhold and Giresse, 1985). The same relation-
ship was observed between K,O and FeO in the
grass-green and brownish-yellow glauconite grains
(i.e. K5O increases with increasing FeO content, see
Fig. 3).
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Table 1. Microprobe Analysis for Glauconite

5i0, TiO, AlLL,O; FeO MnO MgO CaO Na,O K,O0 SO; P,0s5 Total Spot Notes
5295 .00 10.75 15.81 0.00 4.43 0.19 0.00 8.37 0.00 0.00 92.49 1 GGC
53.00 0.00 10.26 16.02 0.00 4.89 0.18 0.40 8.05 0.00 0.00 92.80 2 GGM
52.81  0.00 1230 15.23 0.00 375 0.48 0.00 8.18 0.00 0.00 92.75 3 GBM
5290 0.00 14.95 11.55 0.00 377 0.28 0.00 749 0.00 0.00 90.94 4 GBC
51.58  0.00 14.92 10.75 0.00 3.63 0.47 0.00 742 0.00 0.00 88.76 5 GMB
5322 0.00 9.75 16.31 0.00 4.60 0.33 0.31 8.05 0.00 0.00 92.57 6 GLC
5198  0.00 9.63 17.62 0.00 4.38 0.23 0.28 8.43 0.00 0.00 92.57 7 GLM
51.21  0.00 8.83 19.27 0.00 3.89 0.17 0.00 8.73 0.00 0.00 92.10 8§ GGC
51.51  0.00 10.05 19.09 0.00 3.92 0.00 0.48 9.00 0.00 0.00 94.05 9 GGM
53.58 0.00 11.03 15.09 0.00 432 0.24 0.00 197 0.00 0.00 92.23 10 GGC
51.55  0.00 9.80  16.55 0.00 4.18 0.24 0.00 8.02 0.00 0.26 90.60 I GGM
5234 0.00 11.37 1548 0.00 3.75 0.32 0.00 8.25 0.00 0.22 91.73 12 GBC
5243 0.00 11.99 15.16 0.00 3.73 0.37 0.00 8.25 0.20 0.35 92.48 13 GBM
51.92  0.00 11.39 15.97 0.00 3.92 0.28 0.00 4.46 0.22 0.26 9242 14 GLC
5275  0.00 9.97 17.03 0.00 4.20 0.28 0.00 8.88 0.00 0.22 93.33 15 GLM
49.22  0.00 11.96 14.09 0.00 4.20 232 0.00 1.62 0.22 1.83 91.46 16 GBM
49.39  0.00 11.49 14.54 0.00 3.85 0.20 0.00 7.74 0.00 0.36 87.57 17  GLM
5226 0.00 11.80 16.16 0.00 3.63 0.48 0.00 8.43 0.23 0.29 93.28 18 GLM
4970  0.00 8.16 2042 0.00 3.46 0.17 0.39 9.26 0.00 0.00 91.56 19 GBC
52.31  0.00 12,53 12.38 0.00 4.25 0.29 0.00 6.933 0.27 0.34 89.30 20 GLC
5225  0.00 12,52 12.94 0.00 4.45 0.53 0.00 7.36 0.26 0.24 90.55 21 GLM
5140  0.00 8.70 17.19 0.60 431 0.00 0.00 8.21 0.00 0.33 90.14 22 GGC
51.96  0.00 8.67 17.49 0.00 4.17 0.26 0.00 8.33 0.22 0.22 91.32 23 GGM
51.94 0.0 8.75 19.07 0.00 3.58 0.52 0.26 9.19 0.00 0.35 93.66 24 GLC
51.31  0.00 9.97 18.74 0.00 3.29 0.64 0.00 9.05 0.00 0.56 93.56 25 GLM
5134  0.00 796  21.14 0.00 3.24 0.19 0.00 3.98 0.00 0.00 92.85 26 GGC
5001  0.00 8.07 2099 0.00 3.09 0.37 0.00 8.89 0.00 0.36 91.78 27 GGM
51.26  0.00 8.50 2062 0.00 3.38 0.52 0.00 9.30 0.00 0.31 93.89 28 GGM
51.10  0.00 9.94 1939 0.00 3.24 0.49 0.00 9.10 0.00 0.38 93.64 2% GBM
51.2%  0.00 8.85 19.76 0.00 341 0.00 0.00 9.21 0.00 0.26 92.78 30 GBC
51.19  0.00 9.33 19.84 0.00 346 0.20 0.29 9.36 0.00 0.31 93.98 i1 GGM
50.27  0.00 10.57 17.81 0.00 295 2.08 0.00 8.21 0.26 1.40 93.55 32 GLC
52,67  0.00 12.89 16.02 0.00 311 0.63 0.36 8.53 0.00 0.34 94.55 33 GLM
51.79  0.00 1140  16.69 0.00 341 0.71 0.34 8.89 0.00 0.61 93.84 34 GBM
51.64  0.00 7.89  20.78 0.00 3.39 0.19 0.00 9.01 0.00 0.36 93.26 35  GGC
48.70  0.00 10.63 17.76 0.00 3.64 1.71 0.00 8.56 0.00 0.38 91.38 J6 GGM
50.18 0.00 7.85 2119 0.00 316 0.44 0.00 8.80 0.00 0.62 92.24 37 GGM
50.11  0.00 9.80 19.14 0.00 3.00 0.99 0.00 8.61 0.00 0.80 92.45 38  GGM
49.00  0.00 9.84 18.64 0.00 2.88 2.44 0.00 8.72 0.21 1.96 93.69 39  GBM
48.91.  0.00 10.69 19.47 0.00 2.24 0.19 0.34 8.59 0.00 0.33 9076 40 GGC
4972 0.00 840 2231 0.00 2.79 0.50 0.34 8.82 0.22 0.37 9347 41 GGM

Aluminum: Microprobe analysis of the glauconite
grains yielded a mean value of 8.9% Al,O; in grass-
green pellets, with about 1% increase in the margins.
The light-green pellets gave a mean value of 9.73%
Al,O; at the margins and 2.03% in the core. The
mean value of Al, Q5 content in the brownish grains
1s 12.35%, with about 3.1% differences between the
inner core (mean 9.25%) and the exterior corlex
(mean 13.91%).

The inverse relationship between FeO and A1,0;
(Fig. 4) is apparent for both light and grass-green
pellets, but unclear for the brownish-yellow grains.

Silicon: There are little differences in SiO, content
in the three types of glauconite grains. The mean
value is 51.06% SiO, in the grass-green pellets. [t is
32% and 51.77% in the light-green and brownish-
yellow glauconite pellets respectively.

Magnesium: The miroprobe analysis showed slight
difference of MgO content in the three types of
glauconite pellets. The mean values in the grass-
green, the brownish-yellow grains and the light-green
pellets are 3.62%, 3.68% and 3.93% respectively.

DISCUSSION AND CONCLUSION

From the microprobe analysis (Tables 1 and 2), the
following observations are made;

— The Al content is higher in the brownish-yellow
grains than in the grass-green and is intermediate
in the light-green pellets.

— The K content is slightly higher in the grass-
green pellets than in the brownish-yellow
pellets,
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Table 2. Formula on Basis of Si+Al+Ti+Fe+Mn+Ca=12, 0=22

El-Bakai

Si Al Aly, Fe; Fe; Mn Mg Ca Na K S P Spot  Notes
7.44 0.56 1.22 179 007 000 093 003 000 1.50 0.00 0.00 1 GGC
741 0.59 1.11 1.87 000 000 102 003 011 1.44 0.00 0.00 2 GGM
740 0.60 1.43 156 022 000 078 007 000 1.46 0.00 0.00 3 GBM
740 0.60 1.86 132 003 000 079 004 000 1.36 0.00 0.00 4 GBC
741 0.59 1.93 116 013 000 078 007 000 1.36 0.00 0.00 5 GBM
7.50 0.51 L.11 176 016 000 097 005 009 1.45 0.00 0.00 6 GLC
7.37 0.63 0.98 1.97 012 000 093 004 008 1.53 0.00 0.00 7 GLM
7.36 0.64 0.85 214 018 000 083 003 0.00 1.6 0.00 0.00 8 GGC
7.26 0.74 093 207 018 000 082 000 013 1.62 0.00 0.00 9 GGC
7.51 0.50 1.33 1.67 010 000 090 004 000 143 0.00 0.00 10 GGC
7.44 0.56 1.10 .75 025 000 090 004 000 1.48 0.00 0.03 11 GGM
7.45 0.55 1.36 l46 039 000 080 005 000 1.50 0.00 0.03 12 GBC
7.42 0.59 1.42 122 057 000 079 006 000 1.49 0.02 0.04 13 GBM
7.37 0.63 1.28 144 045 000 083 004 000 1.53 0.02 0.03 14 GLC
745 0.55 1.11 1.63 038 000 088 004 000 1.60 0.00 0.03 15 GLM
7.26 0.74 1.34 0.00 174 000 092 037 000 1.43 0.02 0.23 16 GBM
7.33 0.67 1.34 157 024 000 085 003 000 1.47 0.00 0.05 17 GLM
1.37 0.63 1.33 132 059 000 076 007 000 1.52 0.02 0.04 18 GLM
131 0.69 0.73 206 046 000 076 003 Ol 1.74 0.00 0.00 19 GGC
7.50 0.51 161 .16 032 000 091 005 000 1.27 0.03 0.04 20 GLC
7.42 0.58 1.52 1.25 029 000 054 008 000 1.33 0.03 0.03 21 GLM
7.48 0.52 0.97 182 027 000 054 000 000 1.52 0.00 0.04 22 GGC
1.51 0.49 0.99 1.61 0.51 000 05 004 000 1.54 0.02 0.03 23 GGM
7.46 0.54 0.94 1.47 082 000 077 008 007 1.68 0.00 0.04 24 GLC
7.36 0.64 1.05 140 085 000 070 010 000 1.66 0.00 0.07 25 GLM
7.40 0.60 0.76 213 042 000 070 003 000 1.65 0.00 0.00 26 GGC
7.35 0.65 0.74 190 068 000 068 006 000 1.67 0.00 0.05 27 GGM
7.36 0.64 0.80 1.79 069 000 072 008 000 1.70 0.00 0.04 28 GGM
7.31 0.69 0.99 166 066 000 069 008 000 1.66 0.00 0.05 29 GBM
7.39 0.61 0.89 1.88 0.51 000 073 000 000 1.69 0.00 0.03 30 GGC
7.32 0.68 0.89 176 062 000 074 003 008 1.71 0.00 0.04 31 GGM
7.36 0.65 1.18 0.25 193 000 064 033 000 1.53 0.03 0.17 32 GLC
7.36 0.64 1.48 115 072 000 065 009 009 1.52 0.00 0.04 KX GLM
7.38 0.63 1.29 .04 095 000 072 0.1l 0.09 1.62 0.00 0.07 34 GBM
743 0.57 0.77 1.86¢ 064 000 073 003 000 1.63 0.00 0.04 35 GGC
7.17 0.83 1.02 1.43 076 000 080 027 000 1.61 0.00 0.05 36 GGM
7.36 0.64 0.71 1.76 0.83 000 069 007 000 1.65 0.00 0.08 37 GGM
7.32 0.68 1.01 1.26 1.08 000 065 016 000 1.61 0.00 0.10 38 GGM
1.31 0.69 1.04 000 232 000 064 039 000 1.66 0.02 0.25 39 GBM
723 0.77 1.10 .68 073 000 049 003 010 1.62 0.00 0.04 40 GGC
7.24 0.76 0.68 1.82 089 000 06l 008  0.10 1.64 0.02 0.05 41 GGM

Fe; value is much higher in the grass-green than
in both light-green and brownish-yellow pellets.

The Electron Microprobe analysis leads to the
conclusion that the brownish-yellow pellets were
prass-green pellets (glauconite mineral), but the
Fe3" were possibly replaced by Aly, (aluminum
octahedral). The Fe?™ and K were also replaced
by Aly,. As a result the grass-green pellets were
changed to brownish-yellow pellets. These common-
ly brownish glauctonite grains, reflect a history of
more oxidizing conditions, either through sub-
aerial exposure or transport in shallow turbulent
waters during Upper Cenomanian-Lower Turonian
low sea-level stands (Giresse and QOdi, 1973). The
light-green grains were the transition stage be-
tween the grass-green and brownish yellow pellets
(ie. brownish yellow and light-green glauconite

pellets were formerly all grass-green pellets). The
roundness and size of the glauconite pellets found
in the outer ramp are incompatible with their
setting and strongly suggest that they were trans-
ported, and their replacement by late dolomitiza-
tion (Fig. 5 and 6) suggest that they were transported
early.

The glauconite is a valuable marine indicator
and it occurs most commonly in relatively shallow
water between 60 and 500m, forming up to 90%
of the sediment of the formation. The abundance
of glauconite pellets in the base of the Lidam
Formation and in the top of the Bahi Formation
(both shallow marine deposits), is probably related
to the availability of iron from the alteration of
the abundant micaceous minerals. These glauconite
grains are likely true faecal pellets produced in a
large quantity by filter-feeding organisms, and are,
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FIG. 3. Relationship between K-O and FeO for grass-
green grains (GQG), brownish yellow grains (GB) and light-
green grains (GL).
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FIG. 4. Relationship between Al;O; and FeO for the
same grains in (Fig. 3).

FIG. 5. Microphotograph (SEM) showing the replace-
ment of glauconite pellets by late dolomite.

therefore, essential characteristic of the inner part
of the continental shell (Pryor, 1975). The glauco-
nite within fossils suggests that it developed early
and may have been associated with the dissolution
of aragonite (Pedley and Bennet, 1983).
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FIG. 6. Microphotograph (SEM) showing the beginning
of replacement of glauconite pellets by dolomite.
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