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1-Introduction

The geological map of Gol Tapeh on the scale of 1:50,000 is one of 28 maps of the Kurdistan mega project.
This paper has been produced using field observations in terms of stratigraphy, paleontology,
sedimentology, and petrology, and it has also incorporated other findings and studies previously carried out
in the region. Geological map of the Gol Tapeh in an area of 625 km? on the border of Hamedan and
Kurdistan provinces (48”00 00" to 48" 15 00" E and 35  00' 00" to 35" 15 00" N). Based on the geological
subdivision of Iran, the studied area is located north of the Sanandaj-Sirjan zone, which has complex
deformations, and the Hamedan phyllite sub-zone.

2-Material and methods

Preparation of the Gol Tapeh geological map on a scale of 1:50000 includes literature works, field
observations, data interpretation, map projection, structural profiles, compiling, and writing the final text.
All processes of map preparation have been done according to the standards of the geological survey of
Iran (Ghalamghash, 2017). During 80 days of field geology from May to October 2022, more than 650
points of geological information were taken: 85 petrological samples, 60 palaeontological samples, 10
sedimentology samples, and 40 geochemical samples. Map projections were conducted by Google Earth,
Global Mapper v.25, Arc GIS 10.8, for sedimentological analysis the SedLizer software, to writing text
Microsoft Office 2019- Word and to illustrate figures the Corel-Draw 2022, Panorama Maker 6.0 and
Photoshop 2020. Based on the information from field traverses, laboratory results, absolute age dating, and
microscopic studies, some changes were applied in the stratigraphical status of rock units compared to the
base maps.

3-Results and discussions

The rock units in this map are metamorphic, sedimentary, and igneous rocks exposed to the Late Jurassic
until the Quaternary time range. The oldest outcrops of a rock unit in the studied area include low-grade
metamorphic rocks (mt) such as slate, phyllite, metasandstone, chlorite schist, calc-schist, mica schist,
which are cut by stocks (db) and dykes with basic to intermediate composition. In this contribution, the late
Jurassic age was considered for this unit. In some places, partially metamorphosed and highly deformed,
medium to thin limestones attributed to the early Cretaceous (Ali-Sadr Limestone, Ki') in the form of a
Klippe (thrust) cover the Hamedan phyllites.

In other places, these metamorphic rocks are covered by lower Eocene red conglomerate (E€) or Qom
Formation rock units. Intrusive bodies with gabbro to granitic composition have cut off the base of the
Eocene. These clastic units have been deposited by cream to pale yellow thin-bedded nummulitic marly
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limestone (E™) with early Eocene (Ypresian) age. These beds covered unconformity by clastic and
carbonate units equivalent to the Qom Formation (early Miocene). (Noroozpour, 2022; Yousefi et al.,
2024). Qom Formation in the Gol Tapeh map was separated into three members: from old to new, including
(1) conglomerate, sandstone, siltstone, and mudstone (M°®*), (2) marl unit, marly limestone, sandstone, and
organic matter-rich shales (M*"™), and (3) dolomitic limestone and fossiliferous reefy limestone (M'). On
the rock deposits of the Qom Formation, pyroclastic beds (M""), including acidic tuff, lapilli tuff, tuff
breccia, agglomerate, and lahar, were deposited. Based on the stratigraphic position, the middle-late
Miocene age was considered for this sequence. Furthermore, there are lavas and volcanic breccia with
trachy-andesite lithology on the top of agglomerate parts separated on the map as M™" unit. Based on “°Ar-
®Ar dating constraints, the age of this unit is late Miocene (Boccaletti et al., 1976). On the mentioned
pyroclastic sequence, series of andesite lava, latite to dacite, rhyolite (M", M® and M*" units), and dacite to
rhyodacite subvolcanic rocks (da) and quartz monzodiorite (qmd) were outcrop. On the base of absolute U-
Pb dating of zircon (e.g., Richards et al., 2006; Shahbazi et al., 2021), a late Miocene age was considered
for this sequence. Pliocene and Quaternary sediments have significant variety and are distributed in the
studied area—Pliocene red conglomerate outcrops in a few limited places (PI° unit). Travertine springs can
be seen with freshwater limestone (PIPs") with expansion and thin thickness, particularly in the western
map. Other young sediments include Quaternary conglomerate (Q°), alluvial plain (Q™), fluvial sediment
(Q¥), in situ soil (regulate), old and young alluvial fan (Q™, Q% Q™), flood plain sediments (Q™) and playa
sediments (Yousefi et al., 2023).

4-Conclusion

1) Based on the evidence, a late Jurassic age was suggested for outcrops of the Hamadanphyllites. Also,
based on the findings of paleontology and dating, the location of the Alisadr Limestone was modified
from the Triassic to the early Cretaceous.

2) Based on field surveys and paleontological studies, three units were separated in equivalent Qom
Formation deposits. Aquitanian age was suggested for lower and middle members(M®®and M*"™
and Burdigalian age was suggested for upper members (M'). These deposits were considered Oligo-
miocene age in previous base maps.

3) According to stratigraphic position and absolute dating, the age of pyroclastic deposits (M**") in the Gol
Tapeh map was modified based on the upper and lower volcanic units from Pliocene and Plio-
quaternary to middle-late Miocene. Based on dating, the lavas (Mtan) age on pyroclastic deposits
changed from the Quaternary to the late Miocene.

4) Based on the U-Pb dating of zircon, the age of lavas (such as M®, M®, and M" units) and subvolcanic
rocks (da and gmd units) was changed from Pliocene to late Miocene.

5) Non-metamorphic bodies (di, gb, and gr units) reported for the first time in the studied area have gabbro
to granitic composition and cut lower Eocene red beds. Based on the dating age that has been done
in recent years, these intrusions are considered post-late Eocene (Oligocene?). In the eastern part of
the map, a diabase body (db) has penetrated Hamadan phyllite with the late Jurassic age.
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INTRUSIVE ROCKS METAMORPHIC ROCKS
mdi: Light grav monzodiorite, quartz monzodiorite

mt: Low grade metamorphic rocks, contain gray phyllite, black slate, gray, green to
subvoleanie, (Late Miocene) e e gray, g

milky micaschist and meta-sandstone and buff 1o pale yellow caleschist, Hamedan
phyllile (Late Jurassic)

da: Light cream, milky to gray dacite
subvolcanic, (1.ate Miocene)
Alteration zone

gr- Gray granite and metagranite
(post Eocenc, Oligocence?)

gb: Dark gray to dark green altered gabbro and meta-gabbro
(post Kocene, Oligocene?)

di: Gray to reddish diorite, quartz monzodorite
(post Vocene, Oligacene?)

db: Dark gray, black to greenish diabase, metadiabase
subvolcanic, (post Latc Jurassic)

mb: Altered black to dark gray metabasite, dyke

N

a Argillic
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Fig. 2. The part of Gol Tapeh map legend that shows age arrangement and lithological composition of rock units (Y ousefi

et al., 2023)
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Fig 3. (@) General morphology of metamorphic rocks (mt) that has been thrusted on top of the dolomitic limestone (K1').
view northward, geographical coordinate: 48" 11' 25.8, 35" 15 7.1', (b) Outcrop of K;' unit at main bench face of mine,
geographical coordinate: 48° 16" 0.3", 35" 09' 34’, (c) Alternation of slate, phyllite, metasandstone and micaschist,
geographical coordinate: 48° 13" 16", 35" 12' 57', view to Northeast, (d) Folded foliation of first generation, formation of
foliation of second generation and formation lineationin crest of microfolds, () Horizons of mafic volcanic rocks,
geographical coordinate: 48° 15" 19.7", 35° 09' 49.3", (f) Badinaged chert nodular, geographical coordinate: 48° 15 19.2',
35709 49', (g) Sampling of slates rich of organic matter for palynologic studies, geographic coordinate: 48 13 40.8", 35°

03 34.4" and (h): Microscopic image of slate rich of organic matter and opaque minerals (XPL), length of linear scale is
0.5 mm.
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Rotalia sp., Discosyclina sp., Astrocyclina sp.,
Elphidium sp., Lokhartia sp., Ranikotalia sp.,
Cibicides sp., Peneroplis sp., Pseudolituonella sp.,
Sackesaria sp., Asterogerina sp., Valvulina sp.,
Textularia sp., Miliola sp., Kuphus sp. and

Coralina sp.,
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Bigenerina sp., Elphidium sp., Valvulina sp.,
Semivalvulina  pectinata,  Globigerina  cf.
regularis, Globigerina cf. bulloides,
Globigerinoides  primordius,  Globigerinides

trilobus, Heterolepa dutemplei, Lenticulina
inornata, Eponides cf. boueanus, Pullenia

bulloides, Bolivina sp., Baminina sp., Uvigerina
sp., Rotalia viennotti, Ammonia sp., Rotalia sp.,
Bathysiphone sp., Ammonia beccarii, Ostracoda.
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Miogypsinoides complanatus, Miogypsina
sp., Miogypsinoides sp., Miolepidocyclina sp.,
Elphidium sp., Amphistegina sp., Asterogerina
sp., Valvulina sp., Rotalia viennotti, Rotalia sp.,
Kuphus arenarius, Coralina sp., Uvigerina sp.,
Globigerinoides immaturus., Globigerinoides
trilobus., Globigerinoides spp., Bulimina cf.
perula, Melonis pompiloides, Praeglobulimina
cf. ovata, Cibicidoides sp., Gyroidinasoldanii.
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Austrotrillina  howchini,  Miogypsinoides
complanatus, Miogypsinoides ubaghsi,
Miogypsinoides sp., Miogypsinoides cf. bornea,
Dendritina sp., Peneroplis sp., Victoriella sp.,
Neorotalia  viennoti, = Amphistegina  sp.,
Meandropsina sp., Archaias sp., Cibicides sp.,
Robulus sp., Quingueloculina sp.Operculina
complanata, Valvulina sp., Cibicides sp.,
Discorbis sp., Amphistegina sp., Pseudolitunella
cf. reicheli, Neorotalia sp., Lepidocyclina sp.,
Mesolithothamnium sp., Faverina asmaricus,
Globorotalia sp., Globigerina sp., Victoriella
sp., Nummulites frag., Bolivina sp., Bulimina sp.,
Tubecelleria sp., Miogypsinoides complanatus,
Astrotrillina  asmariensis, Miogypsina  sp.,
Miogypsinoides  sp.,  Psudolituonella  sp.,
Elphidium sp., Valvulina sp., Dendritina sp.,
Chapmania sp., Kuphus arenarius,
Globigerinoides trilobus, Globigerinoides
immaturus, Globigerinoides spp., Globigerina
bulloides, Siphonia reticulata, Bulimina cf.
perula, Melonis pompiloides., Cibicidoides sp.,
Gyroidina soldanii, Praeglobulimina ovata.
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Fig 4. Selected images from outcrops of Eocene and Miocene deposits at Gol Tapeh map, (a) Boundary of Eocene
conglomerate with Hamedan phyllite, geographic coordinate: 48° 43" 11", 35° 07 40.7", (b) Panoramicimage of Eocene,
Miocene, Pliocene and Quaternary deposits, in this area, it is recognizable 3 major disconformity between Eocene and
Miocene deposits (D;), between Miocene and Pliocene (D;) and between Pliocene and Quaternary (Ds), geographic
coordinate: 48°11'47.4", 35" 02' 56.4', the view of image is toward the East. (c) Discontinuous boundary of clastic deposits
of Qom Fm. With pyroclastic deposits, geographic coordinate: 48° 01" 28.5", 35° 13 56.7, the view of the photo is toward
the East. (d) Close-up of Eocene conglomerate with carbonate cement, length of linear scale is 2 cm., () Nummulitic
limestone, geographic coordinate: 48° 13'56.1", 35° 06' 20.8', (f) trace fossils found at thin bedded sandstone, geographic

coordinate: 48° 13 8.7", 35° 04’ 31" and (h): Microscopic image of biomicrite (wackstone) in PPL., the length of linear
scale is 0.5 mm.
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Fig 5. Selected microscopic images of Early Eocene and Early Miocene beds, (a-f) Axial sections of Nommulite sp., (g)
Bigenerina sp., (h) Schlumbergina sp., (i) Quinqueloculina sp., (j) Valvulina sp., (k) Textularia sp., (I) Asterigerina
rotula, (m) Equatorial section of Nommulite sp., (n) Equatorial section of Lepidocyclina sp., (0) Operculina sp., (p)

Lithothamnion (Algae), (g) Ditrupa sp., (r) Brachiopod shell fragment, (s) Bryozoan fragment and (t, u) Phytoclast and
Amorph organic matter (AOM) in palynological slides, length of linear scale at all imagesare are 0.5 mm.
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Fig 6. Selected images of pyroclastic deposits (M'®), (a) General view of sequence of lapilli tuff in thebottom and
agglomerate in the top, geographic coordinate: 48° 07’ 6.8", 35" 07' 42.5", (b) Lahar at Hamedan-Sanandaj railroad trench,
filling the holes with lahar and formation a structure similar to cylindrical fold, geographic coordinate: 48° 06" 38.7", 35°
04’ 01", the view of image is toward Northwest, (c) Close-up of agglomerate and tuff-breccia, geographic coordinate: 48°
09 13.5", 35° 04 41.4’, (d) bedding of tuff, lapilli tuff and agglomerate, geographic coordinate: 48° 06’ 47.6", 35" 05 26.9,

(e) Microscopic image of Hyalo-trachyandesite (XPL), (f) vitric inclusion within plagioclase and (g) Microscopic image
of Hornblende latite (XPL), length of linear scale in microscopic imagesare are 0.5 mm.
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Fig. 7. Selected images of intrusive and subvolcanic rocks at the Gol Tapeh area, (a) Subvolcanic dacite near Baharlou
village, view of image is toward Northwest, (b) sample of da unit, length of linear scale is 1 cm., (c) Dacitic neck around
Jodaghayeh village, geographic coordinate: 48° 02" 2.3, 35 10" 29.1", (d) Sample of gmd unit, length of linear scale is 2
cm.(e) sample of gabbroic mass at East of Hasan Abdal village, geographic coordinate: 48° 11 43.3", 35° 07 34.2', (f)
Sample of gr unit, Northeast of Hasan Abdal, geographic coordinate: 48” 11' 59.9", 35° 07 48.5", (g) Microscopic image

of quartz monzodiorite (XPL), (h) Microscopic image of meta-granodiorite (XPL) and (i): Microscopic image of quartz
monzodiorite (XPL), length of linear scale in microscopic images are 1 mm.
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Fig. 8. Selected image of PI° unit at trench on theside of the road of Narenjak- Baba Sheidollah, East of Gol Tapeh map,
(a) Thrusting of pyroclastic unit on the Pliocene conglomerate, view to Northwest, geographic coordinate: 48° 07’ 11.17,
35° 07" 42.9", (b) Close-up of faulted border and (c): granules of conglomerate in texture of loose carbonate cement
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Fig 9. Selected images of travertine deposits and playa, (a) Thin bedded loose travertines with thickness of less than 1
meter in NW margin of map, geographic coordinate: 48° 00' 20°, 35° 14 425", (b) Lower parts (cream, thin to medium
bedded limestone) of PIPs"in the near of Hamedan-Qorveh road, view of image is toward West, geographic coordinate:
48°00'12.5",35° 06 17.1", (c) Upper parts(milky, thin bedded vesicular loose limestone) of PIPs" unit, view of image is
toward Southwest, (d) Microscopic image of tavertine unit: vesicular micritic limestone (XPL), length of scale is 1 mm.
(e) General view of playa and transition border of clay plain to salt plain, geographic coordinate: 48° 01" 33.4", 35° 03
51.8", view of image is toward South, (f) Close-up of muddy sediment of clay plain and (g) Sampling of playa salt plain
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Fig. 10. Selected images of Quaternary sediments, (a) Q° unit at gravel and sand mine Vinesar 1, geographic coordinate:
48° 05 26.8, 35° 01 45.4", the view of image is toward North, (b) General view of Q™ unit, parts with vegetation shows
gravel lens. Geographic coordinate: 48° 01' 10.1, 35° 04 39.6", (c) General view of river canal and thickness of alluvial
sediments, geograohic coordinate: 48° 04 12.4", 35° 09 58.2", the view of image is toward North, (d) Cross stratification
in fine grain layers of Q° unit, geographic coordinate: 48° 04 30", 35° 05 58’, (e) Sample of gravel lens and (f) Subangular
fragment of canal floor of Dashkasan river, geographic river: 48°04'7.9", 35° 09' 51.3".
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Fig. 11. The results of granumetry test of Quaternary sediments at Gol Tapeh area, (a) locationof sediment sample no. 1
of Dashkasan river, Sandy silt (Folk diagram) and loam (classification of soil texture), (b) location of sediment sample

no. 2 of Dashkasan river, muddy sand with gravel and (c) Pie and Folk triangle diagrams of Q¢ unit sample at Vinesar 2
mine, muddy sandy gravel.
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