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Fig. 1. Geological map of the study area (after Stoklin and Efteharnezhad, 1969 with minor changes). Studied section is

marked with a star on the map.
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Fig. 2 . The parts marked with a white dashed line are the profile selected for sampling. The areas marked with a yellow
dotted line are the carbonate cliff of the Lar Formation in the region (view to the north to northwest).
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Fig. 3. a) A close-up view of the Ruteh Formation in the studied area, b- A view of the Ruteh Formation in the study

area and its position in relation to the Shamshak Formation (view to the north to northwest), c- A view of the coral
colony in the limestones of the Ruteh Formation.
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A- Cribrogenerina sp. B- Palaeotextularia sp. (R13), C- Climacammina sp. (R13),
D- Hemigordius sp., E- Nodosaria sp.(R13).
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Fig. 4. Microphotographs (transmitted cross-polarized light, XPL) of identified foraminifera fossils in the studied area
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Fig. 5. a) a view of the piezoids in the hand sample, b) a view of the laterite-bauxite outcrop in the studied area.
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Fig. 7. A view of the Shamshak Formation in the study area.
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Fig. 8. Microscopic images (transmitted cross-polarized light, XPL) of the constituents of the coarse and fine-grain sandstone
of the Shamshak formation in the Qanli area. Abbreviations are adapted from (Whitney and Evans, 2010). (Q: quartz, Or:
orthoclase, F: feldspar, MRF: metamorphic rock fragments, SRF: sedimentary rock fragments, Opq: opaque mineral, Fe-

Oxide: iron oxide and Cht: chert.
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Fig. 9. a) Field view of laterite-bauxite horizon of the Qanli (view to the north). (b) to (e) A closed view of pisoids texture

of the laterite-bauxite horizon in the studied section.
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Fig. 10. Photomicrographs (transmitted plan-polarized light, PPL) of minerals and different types of textures in the Qanly laterite-
bauxite horizon, A- The hematite mineral of the laterite-bauxite horizon in the Qanli area. a) Vein texture of hematite that cut and
brecciate the groundmass, b and c) Presence of hematite around pisoids and ooids. Image B- The goethite mineral of the laterite-
bauxite horizon in the Qanli area. a) Goethite is formed in form of veinlet which cut and brecciate the groundmass. b and c¢) Goethite
can be seen in the central part of the pisoids. As seen in the photo c, botryoidal texture is also formed inside the piesoid. Image C- The
boehmite mineral of the laterite-bauxite horizon in the Qanli area. a) Boehmite can be seen on the edge of pisoids and also in form of
amorphous and spherical-shape in the groundmass, b and c¢) Boehmite can be seen in the central part of piezoids and ooids. Image D-
Clay minerals of laterite-bauxite horizon in the Qanli area. As can be seen in these pictures, the clay minerals in the studied sections

are mostly seen in light brownish yellow color. Abbreviations are adapted from Whitney and Evans (2010), (Hem: hematite, Ght:
goethite, Bhm: boehmite, Clay: clay mineral, Lep: lipidocrocite, Ilm: ilmenite, Ru: rutile, Chl: chlorite.
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Fig. 11. Photomicrographs (Reflected light, PPL) of minerals and different types of textures in the Qanly laterite-bauxite
horizon, Image A- Microscopic images (reflected light) of the lepidocrocite mineral of the laterite-bauxite horizon of the Qanli
area. Image B- Ilmenite mineral of laterite-bauxite horizon in the Qanli area. Image C- Rutile mineral of laterite-bauxite
horizon in Qanli area. Picture D- Chlorite mineral of horizon laterite-bauxite in Qanli area (transmitted plan-polarized light,
PPL). Abbreviations are adapted from Whitney and Evans (2010), (Hem: hematite, Ght: goethite, Bhm: boehmite, Clay: clay
mineral, Lep: lipidocrocite, Ilm: ilmenite, Ru: rutile, Chl: chlorite.
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Fig. 13. Microscopic images (transmitted plan-polarized light, PPL) of groundmass texture-forming elements in laterite-
baucxite horizon of Qanli area. a and b) flow-clloform texture which the brown parts are iron oxide. ¢) pan-idiomorphic texture

including coarse extraclast fragments in a fine-grain clay mineral groundmass, d) breaccia texture, e) pletomorphic texture, f)
pisoid texture in a fine-grain grounsmass consisting of clay minerals and iron oxides.
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Fig. 14. Microscopic images (transmitted plan-polarized light, PPL) of distinct textural elements in laterite-bauxite horizon of
the Qanli. a and b) shows intraclast and extraclast fragments, respectively, in the context of clay and iron oxides, c) Pisoid
which is crushed due to tectonic processes, d) An image of a pisoid in which an accumulation of ooid and ploid can be seen.
Abbreviations are adapted from Whitney and Evans (2010). (Extra: Extraclast, Intra: Intraclast, Piso: Piezoid, Ooid: Ooid.
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Fig. 15. Microscopic images (transmitted plan-polarized light, PPL) of various pisoids in laterite-bauxite horizon of the
Qanli. a-b-f) rounded macropisoids with preserved crust, c) elongated and dumbbell-shaped pisoids, d) pisoids with an

ovoid core, e) crushed pizoids without layered coating.
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Fig. 16. a) The position of laterite-bauxite horizon samples on the Al203-Fe:03-SiO: three-variable diagram
(Mutakyahwa, 2003), b) The position of laterite-bauxite horizon samples on the Al2O3+TiO:-Fe:03 three-variable
diagram -SiO2 (Mutakyahwa, 2003).
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Fig. 17. a) The position of the samples taken from the laterite-bauxite horizon of Qanli on the Al,03-Fe;03-SiO; three-variable
diagram (Aleva, 1994), b) the logarithmic diagram of Cr concentration versus Ni for various bauxite deposits with rock origins
different (Schroll and Sauer, 1968; Maclean et al., 1997) and the location of the Qanli laterite-bauxite horizon samples on it

(Rafiei, 2023) (black circles).
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Table 1. Geochemical analyses results of laterite-bauxite samples in the Qanli area. All data are in weight percent (wt.%).
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Fig. 18. a) Eh-pH diagram and bauxite formation conditions and iron washing and silica dissolution process (Norton,

1973). The position of the Qanli laterite-bauxite horizon is marked with a gray oval. b) Eh-pH diagram in different
natural environments according to the stability of minerals (Garrels and Christ, 1965), which the position of the Qanli

laterite-bauxite horizon is marked with a gray oval.
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Fig. 19. a) The weathering path during the formation of the Qanli laterite-bauxite horizon (Hill et al., 2000), b) The
position of the samples taken from the Qanli laterite-bauxite horizon on the Al2:03-Si02-Fe203 three-variable diagram
(Schellmann, 1982).
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Fig. 20. The diagram of the main oxides variations in different parts of the Qanli laterite-bauxite horizon, a) western
section, b) eastern section.



Yyy

VP beaal g 5lee oYY 0 Lol Y 0,90 (68 31,5 (owlbdogm,

JPIPSIVON  PUETURN  IRVINC TP NSUR I IO e
Ol (s (Frod ly 5 2] el ol
L eeiedll b polie (nl (hie (Sor aims o
Sl gloanlp e polis il S Gl
& b a5 cedls Laye o3 pH 5 Bh Lyls cou
@b L 3l polis b g onile (Bl L 10 oios]
sl Jlopaieddl sla s A B T/ oo pH o loos
2 (Vo) S g 52,k s Plosil co Ll (o 21eS
@b Lo Sl Jslre 050 4 prell (LB Ll
OlaS 5 Ojge 4 Bh Lylpl 4y s ol (g 050 o0
sbmyl el altis ol 0 Ggasy o] (Ko il
solic 5gi o Fr03 5 ALOs o (dhie  Swod
b ol wg) So sl meiled 5 5and o oo
e by St (Ko g 039 gl b oSy

A ol L 1) casls

Om BQ ‘SLQ)L)}Q-; —;—A
Ol 4 S g baoe G0 e ol
el sbo,ld; alize gleend Sliogas
B )8, e plord (sl Ss Jdows yolic
wlpo a0 lid 1) galie a8
ol Ul b 5l soliiul b jolie Sivaon
yolie Olpads Ss;y (o) Saz Jsere slool, 5l (S
Olfse dos onl bl lap)T (SaiSTy 5 a598 052
pasuie | SoaSu b pate wiz b 9o (gl 3 Dl i 09
5590 4 Cand AbLO3 &Sl s 0 psie 90 (5,0 505 .0 g0
Sead cuily y badiged lp Lol yolie slaaus]
oad ools ylis ¥V S o LB conS g - 5Y (&8

.
.
'
% = S
& - -
e
- , ; =
ALC ALDY ALCH
AL ALD ALY
- - X J
ALO ALD

B S g3~ Y 331 51 ad Cadld p gaAiges 5y pusogdT ST il 30 ol polie dunST  Swnod loges ¥ S
Fig. 21. Correlation diagram of main oxide elements against aluminum oxide for samples taken from Qanli laterite-

bauxite horizon.
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Table 2. Comparison of the main features of the Qanli laterite-bauxite horizon with karst-type laterite-bauxite deposits

of Permo-Triassic in Iran.
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Fig. 22. Schematic view showing the formation and evolution of Qanli laterite-bauxite horizon. A- Sedimentation of sedimentary
sequences of Ruteh Formation, trachy andesian-basalt lava and Elika Formation in the region. B- Folding and subaerial exposure of
the sedimentary sequences during the early Cimmerian orogeny phase. C- The erosion of Elika formation and the weathering of
trachy-andesite lava under the warm tropical climate conditions and the deposition of this trachy-andesite lava in the form of laterite-

baucxite horizon in the dissolution cavities (karst) of Ruteh Formation. D- The sedimentation of Shamshak and Lar formations and the
protection of the laterite-bauxite horizon from erosion and the formation of the recent form of the Qanli region.
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Abstract

The Qanli laterite-bauxite horizon is located in the Central Iranian Zone, at a distance of 80 km from
Zanjan city. The studied units at this area include sequences of the Ruteh and the Shemshak Formations.
Based on sedimentary facies analysis and study of skeletal and non-skeletal allochems, it can be
concluded that the sedimentary environment of this formation is a ramp-type carbonate platform.
According to the fieldwork studies, the Qanli laterite-bauxite horizon is stratiform and and located at
the final section of the Ruteh and below the Shamshak Formation. Mineralogical studies show that the
laterite-bauxite horizon consists of hematite, goethite, boehmite and kaolinite with a few amounts of
lipdocrosite, rutile, chlorite and ilmenite. Microgranular, pletiomorphic, flow-colloform, pisoidic,
ooidic, peloidic and extraclast are the most important textures in these strata. Different chemical
diagrams show that the laterite-bauxite horizon of Qanli deposit is located in the range of bauxite,
bauxite clay and laterite. According to the mineralogical studies, it seems that the formation of laterite-
bauxite horizon of Qanli occurred at pH between 3.5 to 6 and Eh about 0.4 to 0.7 and it has undergone
moderate degrees of lateritization process. Current research indicate that the laterite-bauxite horizon of
Qanli is the most similar to the karst bauxite deposits. Due to the expansion of Permian and Jurassic
units in this area and nearby areas, the study and investigation of the Qanli laterite-bauxite horizon can

be considered as an exploration key for similar areas in the Central Iranian zone.

Keywords: Laterit-bauxite, Ruteh Formation, Central Iranian Zone, Qanli, Zanjan

Introduction

The laterite bauxite horizon deposits of the
Qanli is located in the southeast of Zanjan
province. This horizon was formed during the
Permian geological time at the top of the Ruteh
Formation (the Ruteh Formation in this area is
composed of foraminifera fossil bearing
carbonate strata). Oxidized red layers in this
horizon show that this horizon is formed during
the oxidation and reduction flutuation
conditions. The presence of boehmite and
hematite indicates the weak acidity and
oxidation conditions of the environment during
that time.

Materials and Methods

The laterite-bauxite deposits of the Qanli area
and also the uppermost layers of the Ruteh and
lower parts of the Shamshak Formations were
investigated in this research. Sandstone layers
of the Shamshak formation were classified
using Fulk (1962). Age determination of the

uppermost layers of the Ruteh Formation has
been carried out according to the index
foraminifera fossils. Also, the types of the most
important minerals and textures forming the
laterite bauxite horizon of Qanli were
identified. Finally, the type of this horizon was
determined using the integrated information. It
should be noted that all rock samples and thin
sections are documented in the Department of
Geology, University of Zanjan.

Discussion and Results

According to the mineral studies, hematite and
the goethite are the most important iron-
bearing minerals of this horizon, and goethite
mineral is the weathering product of iron oxide
minerals, including hematite. Goethite and
hematite minerals are mostly observed in the
center and margins of pisoids and ooids, well
as and also in the veins of the rock samples.
The most important aluminum-bearing mineral
that has been observed in this horizon is
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boehmite, which is placed in the center and
margins of pisoid and ooid grains, as well as in
the form of amorphous grains in the clay
texture. Idiomorphic, microgranular,
pletiomorphic, and flow-colloform are the
most important textures in the samples. Other
distinctive textures such as pisoidic, ooidic,
peloidic, and extraclast, have been observed in
the studied samples

Conclusions

The laterite bauxite horizon in the Qanli area is
four meters thick and has hundred meters of
lateral continuity. The most important
minerals in this horizon include hematite,
goethite, boehmite, and kaolinite, with a
few amounts of lipdocrosite, rutile,
chlorite, and ilmenite. Idiomorphic,

microgranular, and pletiomorphic textures,
besides the extraclasts, crushed fragments,
and flow-colloform textures, show the
short distance transport of the sediments
from the source and redeposited in the karst
sedimentary environments or erosion
surface. This horizon can be classified as
bauxite and clay-bauxite types that formed
from trachy andesite basalt rock. This
sequence was formed by the weathering of
trachy andesite basalt rocks on the
uppermost layers of the Ruteh Formaition.



