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Abstract 
     Many sedimentary structures are found in @  Upper Cretaceous Tanjero Formation, these structures are   all 
new as   concerned to the formation. These structures@ are discussed in detail according to classification, 
morphology and environments with providing high-resolution photos as illustrative tool for showing 
sculptures and microstructures.  By these sedimentary structures, it was proved that lower and upper parts of 
the formation were deposited in shallow water and middle part deposited in deep one. These structures are 
large-scale cross- bedding, skolithos dwelling, and escape structure, cruziana trace fossils, boring, and plant 
debris and plant body fossils.  Most of these structures are found in the lower part (in the lowstand sandstone 
wedge) and few ones in the upper one while the middle part   contains none of them.  The rate of 
sedimentations of the formation is estimated from the    skolithos escape structures and large cross bedding 
which exceeded, in some cases, 30 cm in a day. The occurrence of plant body fossils and plant debris in 
Tanjero Formation is attributed to humid, warm and stormy climate of the Maastrichtian age at the studied 
area, which may be affected by termination of greenhouse effect of Cretaceous.  The study is proved that the 
lower and upper parts are deposited in shallow marine   environments while the middle one deposited in deep 
basinal one.   
Keywords:- Kurdistan geology, sedimentary structures, trace fossil, Tanjero Formation,  
  
 Introduction 

Tanjero Formation is an Upper 
Cretaceous unit (Campanian-Maastrichtian), 
which crops out within the Imbricated and 
High Folded Zones in Northeastern Iraq 
Buday (1980)[1] and Buday and Jassim 
(1987)[2]. It stretches as narrow northwest-
southeast belt near and parallel to the 
Iranian border (Fig. 1). The formation 
consists mainly of alternation of clastic 
rocks of sandstone, marl and calcareous 
shale with occurrence of very thick   
conglomerate and biogenic limestones 
(Bellen etal.1959) [3]. Al- Rawi (1981) [4] 
mentioned that lower part of Sulaimanyia  

 
 

 
section has shallow environment. Jaza 
(1992) [5] recorded many deep marine  
sedimentary structures and inferred trench 
environment for the formation.   
   Newly, on the basis of main lithological 
distribution, Karim (2004) [6] has divided 
the formation    into three parts (lower, 
middle and upper parts). In his study, these 
parts are correlated across eight different 
sections, which   represent the available 
outcrops in Sulaimaniya Governorate in 
addition to one section inside Iran (Fig. 2).  
His correlation is based on lithology and 
stratigraphic position of distinctive  
conglomerate and its derivative sandstones, 
which are discussed in detail in different  
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localities. The lower part   is mainly 
composed, on the lower slope and basin, of  
thick aggradation of sandstone (100-400m), 
whereas on the shelf it is dominated by 
500m thick succession of conglomerate (in 
his study, he called it Kato conglomerate). 
The middle part   is composed of 100-300m 
of   bluish white marl and marly limestone 
on the slope and basin whereas it changes to 
calcareous shale on the shelf and to 20-50m 
thick of red claystone inside incised valleys 
along lowstand coastal area. The upper part 
(upper regressive part) chiefly consists of 
50-200m thick-mixed carbonate-siliciclastic 
succession (in his study, it is named Kato 
mixed carbonate-siliciclastic successions). 
According to latter author, the constituents 
of this succession are alternation of 
biogenic limestone and calcareous shale 
with minor amount of sandstone and 
conglomerate. 
 
Discussion of  the   structures 
    Many sedimentary structures, such as, 
mechanical (physical) and biogenetic 
sedimentary structures are found in the 
lower and upper parts of the formation. 
Except bedding, no other   sedimentary 
structures are found in the middle part. 
Most of these structures, as allocated to 
Tanjero Formation and to the author’s 
knowledge, are recorded for the first time in 
the Tanjero Formation. All these structures 
have   environmental and paleocurrent 
importance, which can be very useful in 
basin analysis   of the formation. The deep   
environment of previous workers   is 
attributed to the fact that opportunity for 
shallow environment structures preservation 
is less than that of deeper ones in 
sedimentary records. Wave and current 

erosion and bioturbation commonly attack 
and obscure shallow ones while deep 
structures normally away from these 
enemies. Eustatic sea level change and 
tectonic activity cause the exposure of 
shallow environment (shelf and upper 
slope) to weathering which destroy the 
sedimentary structures. Bowen and Weimer 
(2003) [7] studied these shelves which 
contain incised   valleys.  
     Tanjero Formation has gradational and 
intertonguing stratigraphical relationship 
with Shiranish Formation (Bellen et al., 
1959) [3], therefore, some parts of the     
formation show deep environment. The 
good preservation of sedimentary structures 
in these deep parts was highly over 
estimated and applied to overall formation. 
    In the present study, at least half of the 
formation thickness is proved to be 
deposited in shallower water than that 
assigned before   (regarded as trench or 
geosyncline).   The lower and upper parts 
are deposited in shallow environments, 
which is equivalent to slope and shelf 
environment while the middle part (of 
Karim 2004) [7] is deposited in deep basinal 
environment. This is also true for lithologies 
near the base of the   lower part, which   
represents transitional interval   with 
Shiranish Formation. These are all inferred 
from the following structures:  
 
Cross-stratification 
     It is defined as arrangement of strata 
inclined at an angle to the main 
stratification. In the Tanjero Formation it is 
subdivided in to the following: 
A) According   to thickness of the strata as 
cited by Blatt et al. (1980) [8]:   

 



 
 
 
(KAJ) Kurdistan Academicians Journal,    2005, 4(1) part A 

@@@@@@@çbn†ŠíØ@ôäbïº†bØó÷@õŠbÄü 2005~@ÃŠói4@ˆ@@I1@H@ô’óiA@ @

 
  

 

 
 



 
 
 
(KAJ) Kurdistan Academicians Journal,    2005, 4(1) part A 

@@@@@@@çbn†ŠíØ@ôäbïº†bØó÷@õŠbÄü 2005~@ÃŠói4@ˆ@@I1@H@ô’óiA@ @

 
 

 
 
 

 
 



 
 
 
(KAJ) Kurdistan Academicians Journal,    2005, 4(1) part A 

@@@@@@@çbn†ŠíØ@ôäbïº†bØó÷@õŠbÄü 2005~@ÃŠói4@ˆ@@I1@H@ô’óiA@ @

 
 
 1-Cross lamination, where the cross strata 
are thinner than 1cm. 
2-Cross bedding, in which the cross strata 
thicker than 1cm. 
 Cross laminations are present in the lower  
  part of Tanjero Formation in the distal area 
(Dokan town, south of Sulaimaniya City 
and Chaqchaq valley).They   are  commonly 
associated with ripple mark   and 
bioturbation of escape structures (Plate 2.1 
and 2.2). They are found mostly in fine- to 
medium-grained sandstone.  According to 
Allen and Allen (1990, p.271) [10], they 
forms by migration of ripple marks (wave 
ripple marks) and confined to less than 200 
m depth. In the upper part few cross 
lamination is found in bioclast limestone in 
Chuarta area (500 m to the southeast of 
Zardabe Village).  In this locality it is 
associated with cross- bedding, while in the 
middle part, this type of sedimentary 
structures is not found.     
B) According to shape, into the following 
types: 
1. Trough cross- bedding.  
2. Planar cross-bedding. 
      Many large and medium scale    trough 
and planar cross bedding are found in the 
lower part in the Malkandi section and 
Chaqchaq valley. These structures are 
observed in medium and coarse-grained 
clean (arenite) sandstone, while in the upper 
part they only exist in the   bioclastic 
limestone at the south of Tagaran village.  
In the lower part, the largest cross bedding 
is seen in a bed of coarse sandstone (1.5m 
thick) at north of Sulaimaniya City   (Plate 
1.1, 1.2 and 1.3).  
    Cross bedding exists in several 
environments; they are more common in 

river point bars, tidal channels, and delta 
and shelf environment. In this connection, 
Potter et al., (1980) [11] included cross-
bedding in shallow shelf only, while Blatt et 
al., (1980) [8] showed trough cross bedding, 
found in tidal flat.  They are also mentioned 
to occur in clastic dominated shelves. 
According to Nichols (1999, p.206) [12] 
trough cross-bedding are normally absent in 
depth greater than 100m. 
    As will be discussed later, the cross-
laminations are formed below fair weather   
base (above storm wave base) in relatively 
deep environment   while the cross bedding 
are formed above fair weather base in the 
mid or inner shelf at the time of maximum 
regression phase. The presence of these 
shallow environment cross beddings in 
Tanjero is attributed to the fact that during 
the lower part the sea level was so lowered 
and became shallow water in deep basin 
(equivalent to shelf as concerned to water 
depth). In the area of Qandil foothill area 
(Naudasht valley) exceptionally large cross 
bedding is found (Plate 1.4) which shows 
south paleocurrent directions.  But most 
cross- beddings and cross laminations show 
southwest paleocurrent direction. It is worth 
to mention that the middle part of the 
formation contain is no   cross bedding or 
cross laminations because of deep 
environment of deposition.   
   
 Biogenic sedimentary structures 
     Both Frey (1973) [13] and Simpson 
(1975) [14] used the term biogenic 
sedimentary structure “bioturbation 
structures” for all sedimentary structures 
formed by organisms. According to Einsele 
(1998) [15], the bioturbation structures are   
common in shallow marine environments 
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where different tempestites are deposited. In 
Tanjero Formation these structure are as   
follows: 
  Skolithos   
    They are   simple, tube-like, vertically 
oriented burrow that typically show a much 
greater length versus width. Skolithos is 
interpreted as a dwelling burrow made by a 
suspension-feeding animal. These structures 
are found in coarse and medium grained 
sandstone beds of the lower part of Dokan 
section and Malkandi section (Fig. 1 and 2). 
They appearing as straight or slightly 
inclined burrows and most of them are 
arranged normal to bedding planes. These 
traces are 5 to 50cm long and   2 to 3.5 cm    
diameter. They are found in calcareous 
shale, siltstone and sandstone and two types 
of this structure are found: 
 
 Skolithos escape structures 
   They consist of vertical shafts in the 
laminated sandstone. In the longitudinal 
section, the shaft laminae are deflected 
downward forming    U-in-U laminations 
and spreites structures (Plate 2.2 and   6.2). 
The laminae in some cases are continuous 
across the structure, while in cross section 
the structure   consisted of circular laminae 
arranged concentrically. They exist in a 
laminated medium to thick beds of   
sandstone. These beds are coarse grained 
and 10 to 30 cm thick, which may be cross-
bedded and rippled at the top   (Plate 6.3). 
These traces exist in laminated sandstone. 
Under the microscope, two types of   
laminae can be recognized. They consist of   
alternation of dark and light color lamina. 
The dark one contains more limestone grain 
than the light one which is rich in chert.        

     Those found in   Malkandi section have 
large size and showing clear and well-
developed Spreites (Plates 2.2 and 6.2), 
while those of Dokan sections have no 
obvious Spreites. In less than half meter 
three structures of this type are observed in 
the same bed (Plate 2.1 and 6.3). These 
structures, occasionally, are wider at the 
bottom than at the top. They clearly 
represent behavior of the   gastropod and 
bivalves in respect to   the rate of 
sedimentation in shallow marine 
environments.   
    Simpson (1975) [14] called this type of 
structure fugichina (escaping structure). 
Rhoads (1975, p.155) [16] mentioned that 
organism buried below the unit would 
burrow this newly upward deposited 
sediment to make connection with sediment 
surface for escape. He showed escape 
structure similar to those   exist in the 
formation made by recent bivalve Mya 
arenaria in tidal flat sediment of the North 
Sea. He also mentioned that after a storm, 
sediments are rapidly deposited, producing 
laminated post storm unit (tempestite unit).   
Seilacher (1967) [17], Doyle and Bennett 
(1998) [18] included similar structure in 
Skolithos ichnofacies, which exists in high 
energy near shore environment. Lawa 
(1998) [19] studied similar structures in 
Injana and upper part of Fatha (Lower Fars) 
Formations. He attributed these structures to 
brackish coastal and fluviatile 
environments. 
 
The dwelling structure 
    These consist of smooth vertical 
cylindrical burrows without spreites. As 
compared to the host rocks, they are filled 
with finer sediments. They are about 15- 50 
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cm long and with a diameter of 2-3 cm 
(Plate 3.1, 3.2 and 3.3). They are found in 
the lower part of the formation in both 
Malkandi and Dokan sections. 
 
 Horizontal and inclined borings 
    The horizontal types of these biogenic 
structures are found in the lower part of 
Dokan sections and the inclined ones exist 
in the lower part of Chaqchaq valley. The 
former consists   of branching horizontal 

grooves about 1 cm wide, 0.5 cm deep and 
40 cm long. It is found on the upper surface 
of coarse sandstone bed. They are branching 
from both sides to secondary groove (Plate 
2.4). It is obvious from the constant 
diameter of the boring that it, as a whole, is 
made by single organism for protection 
against predators. It is possible that the 
boring is made at the interface of sandstone,  
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  from below and shale above, but later the 
shale is removed by erosion. 
 The inclined borings   consist of    inclined 
shafts drilled in   medium grained sandstone 
and filled by course sandstones; the boring 
nature of these traces is clear because: 
A-The horizontal boring has no   side ridges 
(flank) as   borrowings have. This means 
that the sediment was semi-lithified when 
boring was formed. Moreover the sediments 
that fill the interior of the trace are different 
from that which makes up the wall of the 
trace.  
B-Both horizontal and vertical ones have 
sharp boundaries and contrasted lithologic 
differences. 
When all published classifications (e.g. 
Seilacher, 1967 [17], Tucker, 1991[20] and 
Potter et al., 1980 [11] of trace fossils are 
surveyed, the   position of this type is not 
accurately clear. But Warme (1975, p.205) 
[21], showed meandering and slightly 
inclined boring of polychaete worm in 
intertidal of California. This boring is 
similar, in many aspects to that found in 
Tanjero Formation, especially that both 
have branching and same size (Plate 2.4). It 
seems that this trace is transitional type 
between Trypanite and Glossifungite 
ichnofacies as it may be excavated in 
slightly consolidated sediment of shallow 
environment. 
  
Cruziana assemblage    
    These structures are   found on the top of   
medium and coarse-grained sandstone, 
nearly in all sections.  In Malkandi section, 
medium thick sandstone (lithicarenite) beds 
of the formation are excavated for building 
stones in the past. There, the lithology of 
the formation is organized in beds of both 

coarse and medium grained sandstones with 
many interbed of conglomerate. The 
burrows   are very common and can also be 
seen on   surfaces of building stones used    
in the past inside Sulaimaniya City. 
The   burrowing traces   mostly consist of 
straight and horizontal or slightly curved 
burrows (Plate 4.1). Most of them have 
smooth surface while few have side ridges   
(Plate4.2).  In some cases, they are 
branching (Plate 3.2) especially those found 
in the upper part of the formation (in 
limestone beds of mixed carbonate-
siliciclastic succession). In literature, 
similar structures are considered to 
Thalassinoides and Planolite trace fossils, 
which are included in Cruziana assemblage 
by Kennedy (1975) [22]. Latter traces are 
found in both shallow and deep 
environment, by Chamberlain (1975, p.446)   
[23] who published sketches of burrowing 
of recent non-marine aquatic environments, 
which closely resemble those found in 
Tanjero Formation. He attributed these 
structures to moving snail, shrimp, and 
mayfly and caddisfly larvae on the soft 
sediments. 
 In the Tanjero Formation, most of Cruziana 
and Skolithos trace fossils are attributed to 
either pelecypods or gastropods. The are    
only the fossil recorded in the lower part, 
which may be responsible for above traces, 
is pelecypods.    But in the upper part both 
fossils are very abundant especially in the 
fossiliferous limestone beds.     
  Finally it is worth to mention that these 
traces   belong to Cruziana Ichnofacies 
because:  
1-They exist, as Cruziana, in coarse and 
medium grained sandstones and they 
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resemble them except in the lack of striate 
markings on the lobes (flanks). 
2-They exist in the lower part of the 
formation, which contains coarsest sediment 
(e.g. Kato Conglomerate). Therefore this 
part is deposited   in shallow water during 
sea level fall.  
 
Body fossils plant remains (debris 
or fragments) 
     Nearly all sections and outcrops of lower 
part of Tanjero Formation, as Dokan, 
Chuarta, Malkandi, Qrga, Chaqchaq Valley 
and Sirwan sections contain plant remains, 
such as, folio, piece of branches and worn 
parts of cuticles (Plate   5. 1 and  6.4). So 
these remains can be regarded as 
incomplete body fossils. These remains are 
found   on the surface or inside the medium 
bedded sandstone and they commonly 
appear as light or dark carbonized brown 
pieces of different size. Under binocular 
microscope minute plant structures (fibers) 
of this debris can be seen (Plate 6.1). In   
Sirwan section (type section) a petrified 
non- carbonized or non-oxidized wood is 
found (Plate 5.2) in thickbed of 
conglomerate. This piece seems like a piece 
of recent dried wood.   
    In some sections such as Chaqchaq 
valley,   between Fayal and Lower Hanaran 
villages (northwest of Sulaimaniya  city) 
and  Malkandi   hill, more than 15 horizons  
are   found   in   an interval of 20m at the 
lower part of the formation, which contains 
clear and densely distributed plant remains. 
Moreover they are occasionally associated 
with cross lamination, and included in beds 
that generally have light color (light brown).   

    In Tanjero Formation these fragments are 
transported to the basin from coastal area 
through or by   incised valleys   or from 
source area by river flooding.  They may be 
introduced to the basin from the incised 
valleys by large current generated by storm 
and deposited in shallow environments with 
sand or gravels. They may be reworked   by 
storm as tempestite sediments and 
transported to deeper environment by 
turbidity current through the fan channels. 
Another possibility for presence of plant 
debris is that   mentioned by Einsele, 2000) 
[24] that    supratidal seaweed and other 
plants might be eroded by storm and then 
deposited, forming tempestite in the beach. 
Ainsworth and Crowley (1994, p.683) [25] 
mentioned that concentration of plant debris 
suggests proximity to shore. Smith and 
Jacobi (2001, p.336 and p.338) [26] found 
carbonized wood fragments in lowstand 
sand sediments in the Canadaway Group 
from New York State. The fragments   
found by them are similar to those found in 
Tanjero Formation. In Jurassic fluvial 
sediment of China,   Shao et al. (2003) [27] 
recorded occurrence of tree trunk in 
conglomerate and sandstone. Phillips (2003) 
[28] found large carbonitized wood 
fragment up to 20cm thick in the   sediment 
of flood plain in the Cretaceous sediment of 
Alaska. 
 
Grass   structure   
     This type of structure is found in the 
uppermost part below the contact with 
Kolosh Formation in Dokan area.  It is 
located on   the left bank of Little Zab River 
about 400 meters down stream of the Dokan 
Bridge (Plate 5.3 and   5.4). It is known as 
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Qashqully picnic area. There, the upper part 
of the formation exists as a 50 m thick 
package of light brown calcareous 
sandstones, with occasional pebbly 
sandstone. These beds form many small 
ridges along the river. Some of these beds 
contain iron oxides laminae and 
concretions, which are possibly deposited in 
shallow environment. On the surface of one 
of these beds, the author has found many   
small clusters of complete herb-body 
fossils. 
    These structures   consist of the mold of 
complete grass, which directly reflect 
morphology of the plant at the time of its 
burial. The framework of the plants consists 
of main stems, dendritic branches and small 
bulbous   elongate   leaves. The leaves exist 
at the end of each branch   (Plate 5.3). The 
roots of these plants are not found with 
them    so this means that they are 
transported to the site of deposition from 
continental source area.  As there is no   
carbonaceous remain with these fossils, so it 
is evident that the grasses were buried when 
they are alive and green. 
    Sarjent (1975, p.163) [29] interpreted this 
structure as body- fossils. This is because, 
as he added, it reflects the shape of the plant 
at the time of death. In Tanjero Formation, 
these plants with associated lithology prove 
the shallowness of the upper part of the 
formation. This is because,    brown   
 color, iron oxides, pebbly sandstones and 
grass molds collectively   indicate shallow 
environments for deposition of this interval.  
In this study the shallowness of the upper 
part is due to sediment fill. The occurrence 
of plant body fossils in Tanjero Formation 
proves wet, worm and stormy climate of the 
Maastrichtian age at the studied area. 

  Sedimentary structures and rate 
of sedimentation in Tanjero 
Formation  
     The source area is characterized by 
relatively soft rock (erodible rocks) and 
high tectonic activity. Therefore huge 
quantity of sediments is delivered to 
Tanjero depositional basin by rivers. This 
fact is truly demonstrated by habit of the 
organism during high rate of sedimentation.   
Blatt et al. (1980, p.196) [8], mentioned that 
the organisms, resting just below sediment 
surface, are covered by rapid influx of 
sediment, they will burrow (vertically) to 
new surface and produce new sets of resting 
traces. The following examples manifest     
the response of organism to high rate of 
sedimentation in Tanjero Formation: 
    At the distal area of Tanjero basin (slope 
area) such as at Dokan area, several 10cm 
thick beds are penetrated by Skolithos 
escape trace fossils   (Plate 6.3). At the 
middle distance between distal and 
proximal area slope such as north of 
Sulaimaniya city, many   30 cm thick beds 
can be observed penetrated by the escape 
traces. At the latter locality one can see 
abundant dwelling Skolithos trace fossils 
(Plate 3.1and 3.3). Some of these traces are 
more than 70cm in length and found in both 
silty marl and in clean sandstone (Plate 2.3). 
It is most possibly that these traces are 
imprinted in tempestite (storm deposit) and 
in small-scale    turbidity flow. But    large-
scale turbidity flow   gives no opportunity 
to the organism to make escape or dwelling 
traces as they may be wiped out from the 
previously deposited beds. The maximum 
time span for escape trace fossil is no more 
than one day. It is possible that some bed, 
which contains escape structure, is 
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deposited in one day.   From this, it appears 
that the sedimentation rate was very high. 
In some cases, it possibly reached more 
than 30cm in one day. The rapid deposition 
is associated with erosion so that the 
calculation of actual   time (in years) of 
deposition of the Formation cannot be done 
from the thickness of the sediments divide 
by the number of beds. This erosion is 
indicated by truncation of sandstone beds   
by storm or turbidity currents.  
     At Malkandi section and Qandil foothill 
area (Naudasht valley), large cross bedding 
is found (Plate 1.4).  A large scale cross 
bedding is exceptionally found with foresets 
thickness of more than 1.5m thick (Plate 
1.1and 1.2).  According to Blatt et al. (1980, 
p.132) [8], single cross-stratified bed 
without major break, may be deposited in a 
period not exceeding a few days.  So the 
rate of sedimentation    is sometimes about   
nearly    1m in    a week. 
 
Inferred environment of the 
formation 
      As mentioned in the introduction      
divided the formation into three parts. All 
the sedimentary structures mentioned in this 
paper are found in the lower and upper 
parts. The middle part contains none of 
them.  The presence of these structures and 
the type of the lithology prove that the 
lower and upper parts were deposited in 
shallow marine   environments whereas the 
middle part was deposited in deep basinal 
environment. During Upper Cretaceous, 
Chuarta, Mawat and Qandil area were 
covered by the shallow environment of 
shelf, while the areas to the south of Azmir, 
Goizha, Daban, and Sara Anticlines were 
covered by slope environment. The 

occurrence of plant debris and body fossils 
in Tanjero Formation proves wet, warm and 
stormy climate of the Maastrichtian age at 
the studied area. 
     The environment may has been   
controlled by the greenhouse effect which   
prevailed during Cretaceous and terminated 
at the end of Maastrichtian Stage. This stage 
marks the last eight million years of the 
Cretaceous   and with falling sea-levels and 
reduced temperature appears to mark the 
end of the Cretaceous "greenhouse" world 
which   ended at the Cretaceous –Tertiary 
boundary. 
 
Conclusions 
  The study revealed the following results: 
1-The the Tanjero Formation   many new 
sedimentary structures are found for the 
first time. These structures as large scale 
cross bedding   skolithos dwelling and 
escape structure, cruziana trace fossils, 
borings, and plant debris and plant body 
fossils 
2. These structures    prove that the rate of 
sedimentation   of the formation was high, 
in some case more than 30cm in a day.  
3. The lower and upper parts of Tanjero 
Formation were deposited in shallow 
marine environment while the middle one 
deposited in deep basinal environment.  
4. All the structures are described 
environmentally and morphologically     
with giving the accurate    geographical 
location. The description is aided by clear 
photos as visual prove to what has been 
found by us. 
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