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1-Introduction

The convergence of the Arabian and Eurasian plates since the Late Cretaceous has caused the evolution of
the Iranian Plateau as the middle part of the Alpine-Himalayan mountain range and has also led to the
development of erosional discontinuities in the stratigraphic sequence in mountain ranges such as Alborz
and Zagros (Berberian and King 1981; Berberian 1983; Sengor 1990; Ziegler 2001). Alborz mountain range
is an open V-shaped intracontinental mountain range located on the southern margin of the Caspian Sea.
This outcrop has been affected by extensional and compressive tectonics during the Late Triassic (Zanchi
et al., 2006) and under compression during the Tertiary (Guest et al., 2006), respectively.

Advances in low-temperature thermochronometry and outcrop dating with cosmogenic isotopes have
significantly increased our ability to resolve the timing and rates of erosional processes (von Blanckenburg,
2005; Reiners and Brandon, 2006). New techniques in apatite and zircon ((U-Th)/He) dating have increased
the temperature range and the precision of mineral cooling age (Farley, 2002). Thermochronology measures
the time and speed at which rocks approach the surface and cool due to exhumation (Reiners and Brandon,
2006). Effective tectonic phases in a region are the most critical factors affecting erosion, so it is necessary
to identify them to study the temporal and spatial erosion patterns.

So far, no study has been conducted regarding temperature-chronometry in the Bozgoosh mountain
range and Chehelnoor mountain range located in the northwest of the Iranian plateau to estimate the cooling
phases as well as the rate of local uplift and uplift and their adaptation to deformation patterns. Therefore,
this study attempts to provide a model of the history of these mountain ranges' temporal and spatial
evolution by combining the structural data and low-temperature chronometric temperature.

2-Material and methods

Plotting the information related to the age of the samples against their height on the diagram is one of the
best methods to estimate the amount of tectonic erosion using temperature-age data. The tectonic erosion
rate is determined by the slope of the best line connecting the samples (Ehlers, 2005). Three final thermal
models are obtained based on interpreting temperature-age data on the age-height diagram. In the first
model, it is assumed that the isotherm associated with the desired thermal window is located at a constant
height compared to the sea level, and the samples taken from the surface have passed through the desired
thermal window at the same height. This model is used for regions with short wavelength topography (<
10 km) and negligible erosion rate (Stuwe et al., 1994; Ehlers, 2005). Sampling can be done from any
topographical point. The second final model is based on the assumption that the thermal isotherm follows
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the topographic pattern. Unlike the first model, the second model does not have the same height, and
different points have the same depth as the ground surface. This model can be used in areas where the
topography has a long wavelength (> 40 km) and significant erosion rate. Sampling is done in vertical
profiles; each sample has passed through the thermal window at the same depth. In the first and second
models, the slope shows the best line of tectonic erosion rate. If this line continues with the same slope until
the y-axis is interrupted, the desired thermal window temperature will be determined (Ehlers, 2005). The
third model is closer to reality and has fixed the defects of the other two models, in which the base height
of the thermal window isotherm and its depth concerning the ground surface is different in different parts
of the orogen. Thermo-tectonic processes control spatial changes of the isotherm. Therefore, in the third
model, the connecting line does not show the position of the samples in the age-height diagram of the
erosion rate. In such models, more complex interpretations are needed to estimate the tectonic erosion rate
according to the controlling factors of thermal window isotherm changes (Ehlers, 2005).

Information on the tectonic erosion of rocks with a depth of 4 to 6 km is also obtained from the
temperature-chronometric method, although this method is inactive in the areas. The range of temperature
sensitivity process of (U-Th)/He) is 40 to 80 °C and detection of tectonic erosion at a depth of 1.5 to 2.5
km (Farley and Stockli, 2002).

In the studied area, bedrock sampling was done to estimate temperature age. Sampling has been done in
both structural processes with proper distribution of rock units with various age changes and a high
probability of apatite mineral presence. Thirty-one samples were taken, but due to the sensitivity and very
high cost of the analysis, finally, five samples were found suitable for temperature-age analysis by
helium/apatite method in the laboratory of UCL University, England. 5 appropriate samples were sent to
the laboratory of the Beijing Academy of Sciences to obtain the absolute age of the samples and perform
thermal modeling of at least three intrusive masses in the study area.

3-Results and discussions

Although the thermo-chronometric data of low-temperature apatite/helium from the western part of
Bozgoosh and Chehelnoor mountain do not show the exhumation rate in terms of elevation according to
the age versus elevation models, their distribution pattern indicates a suitable trend of the cooling pattern
and transition between these two elevations. Although the samples from both mountain ranges were taken
from the same structural and stratigraphic levels, the difference in the cooling process in the data indicates
the difference in the beginning of the Cenozoic uplift in these two mountain ranges. The ages of 19 to 25
Ma years were determined from the samples CN-TG2, BG-G1, BG-G2, and CN-TM3 in the Bozgoosh
mountain range, and the age of 15.2 million years in the sample GK-G1 in Chehel Noor mountain range.

According to the comfortable sequence from Precambrian to Jurassic rocks, tectonic relaxation has been
established in the study area. There was no significant deformation, and the sedimentation rate was low
(Balling, 2014). A small outcrop of Cretaceous rocks and an angular discontinuity with Cenozoic sediments
indicate a significant late Cretaceous deformation and erosion processes in the study area. Late Cretaceous
metamorphic evidence has been observed in Zanjan (Stocklin and Nabavi, 1965), in the Alborz Mountains
(Zanchi et al., 2006; Yassaghi and Madanipour, 2008), and the Kopedagh region (Lasemi 1995), which
indicates that in the Cretaceous the end of the northern part of Iran has been affected by the shortening
event. At about 21 Ma, the extensional phase changed to the Miocene compressional phase, which begins
this metamorphism before the deposition of the Upper Red Formation (Ballato et al., 2008). The absence
of significant faults on the surface and the results of the kinematic models in the Iranian plateau indicate
the subsurface duplex ridges that caused the folding and erosion of the surface and related to the shortening
of the Miocene (Balling, 2014). Both mountain ranges' temperature-chronometric data indicate that
metamorphism affected them during the Arabian-Eurasian continental collision in the early Oligocene and
middle Miocene.
4-Conclusion
Using the integration of structural data and analyzing temperature-chronometric data, the low-temperature
age of the cooling of the Bozgoosh mountain range (19-25 million years) and the Chehelnoor-Qaiflankuh
mountain range (15 million years) was obtained. The age obtained is comparable with the results of the
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analysis of the Central Bogoosh and the age of the beginning of metamorphism in the Talash mountain
range. The beginning of the deformation of the Bozgoosh mountain range is the beginning and older of the
Oligocene mountain range. The origin of metamorphism in the Chehelnoor-Kaiflankoh mountain range is
related to the middle Miocene. Therefore, these two structural processes can't start metamorphism
simultaneously. As a result of a single metamorphism, they were formed at different times under the
influence of regional shortening.
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Fig. 7. Schematic explanation of thermal models to interpret temperature-age data on the age-elevation diagram. (a)
Thermal model with horizontal isotherm (b) Thermal model associated with isotherm correlated with topographic

variations (c) Schematic design of model 3 with thermal isotherm of each sample (d) Schematic design of temperature-
age data on the age-elevation diagram (e) Schematic design of temperature-age data on the age-elevation diagram for

Figure c (Ehlers, 2005).
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Table 1- Specifications of the samples sent to the laboratory of the Beijing Academy of Sciences

Sample No. Latitude(N) Elevation(m) Lithology (formation) Stratigraphic
Longitude(E) age

BG-G1 N 37 45792 2990m Quartz diorite Post Eocene
E 47 44.906

BG-G2 N 37 44.312 2526m Quartz diorite Post Eocene
E 47 44422

CN-TG2 N 37 45263 1552m Granite Post Eocene
E 47 58.345

CN-TM3 N 37 44596 1824m Micaschist Precambrian?
E 47 58.371

GK-G1 N 37 21.706 1261m Granodiorite Post Eocene
E 47 46.995
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Table 2- The results of low temperature thermochronometric analysis from Chehelnoor mountain range

Sample  Lithology “He Th U Sm Th/U Grain Grain R* Fr Raw Correctd Error [eU]
No. (formation)  (ncc) (ppm) (ppm) (ppm) ratio Length width (um) Age Age (£10)
(pm)  (um) (Ma)  (Ma)
GK-G1-A  Granodiorite 1.527  33.7 184 4296 1.88 398 191 1155 0.87 122 14.1 099 26.3
GK-G1-B  Granodiorite 0.845 32.6 12.7 4727 265 382 157 97.7 0.84 131 15.6 1.09 203
GK-G1-C  Granodiorite 0.853 30.4 105 6129 2.96 430 156 99.0 0.84 13.0 154 1.08 17.7
GK-G1-D Granodiorite 0.83 340 333 4121 1.05 331 139 862 0.82 99 12.0 084 413
GK-G1-E  Granodiorite 1.041  36.0 136 6966 272 275 186 104.2 0.85 14.2 16.7 117 220
GK-G1-F  Granodiorite 1.165 41.5 308 4314 1.38 247 159 90.2 083 144 174 1.22 405

(2 9 095 4, il ol Ol a0 iy —les BT s Y Jgax

Table 3. The results of low temperature thermochronometric analysis from western Bozgoosh mountain range

Sample  Lithology  “He Th U Sm Th/U Grain Grain R° Fr Raw Correctd Error [eU]
No. (formation) (ncc) (ppm) (ppm) (ppm) ratio Length width (um) Age Age (210)
(pm)  (pm) (Ma) (Ma)

CN-TG2-A Granite 0.145 234 46 3713 521 166 130 701 077 14.2 184 1.29 101

CN-TG2-8 Granite  0.07 241 44 4361 567 152 91 525 0.70 14.9 215 150 100

CN-TG2-C Granite 0.083 296 10.7 3165 284 156 86 506 069 138 20.0 140 176

CN-TG2-D Granite  0.069 217 35 3653 641 202 84 522 069 154 222 156 86

BG-G1-A Quartz  0.359 1438 34 3001 442 250 179 989 084 176 20.9 146 6.9
diorite

BG-G1-8 Quartz 0.342 7.2 18 1395 459 405 205 1227 087 16.7 19.1 134 33
diorite

8G-G1-C Quartz 0756 422 103 8057 4.21 321 169 1003 084 112 133 093 202
diorite

8G-G1-D Quartz 0.531 121 28 2537 4.37 273 230 1214 087 174 201 1.40 5.7
diorite

BG-GI1-E Quartz 0606 198 48 3542 423 372 191 1140 086 131 15.2 107 95
diorite

BG-G1-F Quartz 0.454 233 56 4538 4.30 328 180 1059 085 106 125 087 11.0
diorite

BG-G2-A Quartz 0.767 123 31 2264 402 284 229 1236 087 229 26.3 184 6.0
diorite

BG-G2-8 Quartz  0.383 99 25 2097 4.12 316 210 1182 087 156 18.0 126 48
diorite

8G-G2-C Quartz 0.265 153 40 3271 394 272 206 1121 086 8.2 98 067 786
diorite

BG-G2-E 0.208 203 48 4230 430 277 148 876 082 97 11.8 083 98
diorite

BG-G2-F Quartz 0.221 149 33 2837 4m 282 158 926 083 126 15.2 107 68
diorite

CN-TM3-D  Micaschist 0.124 296 78 311.7 400 166 99 572 0.72 157 21.7 1.52 145

CN-TM3-E  Micaschist 0499 600 212 6664 290 211 96 58.7 0.73 219 29.9 2.09 353
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Fig. 8. The results of thermochronometric of the samples taken from the area are shown on the cross section. These
sections are almost perpendicular to the trend of the main structures in each zone. The location of cross sections is shown

in Fig. 2.
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