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This supplement includes:

1) a summary of new and published low-temperature thermochronology data in form of tables and figures (section “thermochronology data”, page 2)
2) a description of the linear inversion of thermochronology data (section “linear inversion of thermochronology data”, page 13)
3) a detailed description of the equations used for calculating the knickpoint migration rates for a base level fall and for a change in rock uplift rates with associated tables and figures (section “Transient response to base level and rock uplift rates change”, page 14)
4) the relationship between normalized river-steepness index (ksn) and lithology (section “Lithology and Ksn frequency”, page 36)
5) the inferred vertical displacement field along the northern orogenic flank on map view (section “vertical displacement field”, page 37)
1) Thermochronology data
Our new apatite and zircon (U-Th)/He are presented in original form (Tables S1 and S3, respectively) and in two summary tables (Tables S2 and S4, respectively). 
Available apatite and zircon (U-Th)/He and apatite fission track data used to compile Figures 2 and 3, and Figures S1 and S2 of the supplementary content are presented in form of summary tables. Specifically, data are from Ballato et al., (2013; Tables S5 and S6), Guest et al., (2006; Tables S7 and S8), Axen et al., (2001; Table S9) and Rezaeian et al., (2012; Tables S10 and S11).
Table S1: New apatite (U-Th)/He data presented in this study
	Sample
	Age [Ma]
	± [Ma]
	U [ppm]
	Th [ppm]
	Sm [ppm]
	Th/U
	He [nmol/g]
	mass [μg]
	Ft
	stddev

	TH0815-2
	3,4
	0,2
	6,6
	63,0
	76,3
	9,6
	0,2
	0,6
	0,50
	

	TH0815-3
	7,3
	0,4
	8,0
	76,9
	88,1
	9,6
	0,5
	0,5
	0,49
	

	TH0815-4
	4,0
	0,2
	12,2
	60,0
	74,7
	4,9
	0,3
	0,9
	0,55
	

	TH0815
	4,9
	0,3
	8,9
	66,6
	79,7
	8,0
	0,3
	0,7
	0,51
	2,1

	TH0817-1
	13,3
	0,8
	76,0
	249,6
	92,5
	3,3
	6,1
	1,5
	0,62
	

	TH0817-2
	12,3
	0,7
	92,4
	71,7
	85,2
	0,8
	5,0
	2,4
	0,68
	

	TH0817-3
	13,0
	0,8
	0,9
	115,0
	368,5
	132,9
	1,4
	1,7
	0,62
	

	TH0817
	12,8
	0,8
	56,4
	145,4
	182,0
	45,6
	4,1
	1,9
	0,64
	0,5

	TH0819-1*
	142,9
	8,6
	7,3
	52,4
	61,2
	7,2
	9,5
	1,4
	0,61
	

	TH0819-2
	15,3
	0,9
	13,3
	49,5
	32,3
	3,7
	1,1
	0,9
	0,54
	

	TH0819-3
	16,1
	1,0
	4,4
	24,8
	51,2
	5,7
	0,5
	1,4
	0,58
	

	TH0819
	15,7
	0,9
	8,8
	37,2
	41,8
	4,7
	0,8
	1,1
	0,56
	0,5

	TH0820-1*
	27,8
	1,7
	14,8
	29,7
	16,4
	2,0
	2,3
	3,0
	0,70
	

	TH0820-2*
	209,4
	12,6
	1,9
	8,2
	2,1
	4,2
	3,1
	3,1
	0,70
	

	TH0820-3
	17,3
	1,0
	18,1
	68,0
	31,7
	3,8
	2,1
	2,1
	0,66
	

	TH0820-4
	15,0
	0,9
	8,3
	166,5
	40,1
	20,1
	2,6
	2,3
	0,66
	

	TH0820-5
	10,0
	0,6
	9,7
	443,5
	69,6
	45,6
	4,0
	2,3
	0,65
	

	TH0820
	14,1
	0,8
	12,0
	226,0
	47,1
	23,1
	2,9
	2,2
	0,66
	3,7

	TH0823-1
	16,7
	1,0
	3,7
	45,5
	74,8
	12,4
	0,8
	2,6
	0,59
	

	TH0823-2
	16,1
	1,0
	6,3
	53,5
	196,5
	8,5
	1,0
	1,8
	0,55
	

	TH0823-3
	17,1
	1,0
	3,4
	38,8
	107,1
	11,3
	0,7
	1,8
	0,55
	

	TH0823
	16,7
	1,0
	4,5
	45,9
	126,1
	10,7
	0,8
	2,0
	0,56
	0,5

	TSK01B-1
	13,0
	0,8
	7,6
	27,2
	41,4
	3,6
	0,7
	7,4
	0,71
	

	TSK01B-2
	15,5
	0,9
	10,4
	39,9
	62,2
	3,8
	1,0
	2,5
	0,58
	

	TSK01B-3
	13,7
	0,8
	9,1
	34,4
	42,4
	3,8
	0,9
	4,5
	0,66
	

	TSK01B-4
	11,4
	0,7
	9,2
	32,6
	56,5
	3,6
	0,7
	5,8
	0,69
	

	TSK01B
	13,4
	0,8
	9,1
	33,5
	50,6
	3,7
	0,8
	5,1
	0,66
	1,7

	02EV01-1
	11,0
	0,7
	2,3
	9,8
	66,0
	4,2
	0,2
	5,5
	0,68
	

	02EV01-2
	5,5
	0,3
	8,6
	43,8
	65,4
	5,1
	0,4
	3,8
	0,63
	

	02EV01-3*
	25,9
	1,6
	2,0
	6,7
	53,1
	3,3
	0,4
	3,5
	0,63
	

	02EV01
	8,3
	0,5
	4,3
	20,1
	61,5
	4,2
	0,3
	4,3
	0,65
	3,9

	02EV02-1
	6,7
	0,4
	8,7
	41,3
	42,2
	4,8
	0,5
	12,4
	0,74
	

	02EV02-2
	6,7
	0,4
	4,4
	20,0
	38,2
	4,6
	0,2
	3,2
	0,62
	

	02EV02-3
	7,1
	0,4
	6,0
	46,1
	44,4
	7,7
	0,4
	4,9
	0,66
	

	02EV02
	6,9
	0,4
	6,4
	35,8
	41,6
	5,7
	0,4
	6,9
	0,68
	0,2

	02EV03-1*
	12,4
	0,7
	5,1
	23,4
	20,2
	4,6
	0,4
	2,9
	0,61
	

	02EV03-2
	6,6
	0,4
	4,5
	14,5
	27,0
	3,2
	0,2
	3,1
	0,60
	

	02EV03-3
	6,0
	0,4
	8,8
	34,3
	50,2
	3,9
	0,3
	2,4
	0,59
	

	02EV03
	6,3
	0,4
	6,7
	24,4
	38,6
	3,6
	0,3
	2,7
	0,59
	0,5

	02EV04-1*
	22,5
	1,3
	6,1
	29,6
	44,6
	4,9
	1,1
	4,9
	0,66
	

	02EV04-2
	8,5
	0,5
	6,0
	16,2
	28,1
	2,7
	0,3
	4,1
	0,66
	

	02EV04-3*
	29,3
	1,8
	4,5
	17,3
	48,9
	3,9
	0,9
	3,3
	0,62
	

	02EV04
	8,5
	0,5
	6,0
	16,2
	28,1
	2,7
	0,3
	4,1
	0,66
	-

	02EV05-1*
	11,4
	0,7
	8,6
	33,7
	52,3
	3,9
	0,6
	2,8
	0,61
	

	02EV05-2*
	15,0
	0,9
	5,4
	23,0
	49,5
	4,2
	0,6
	3,1
	0,62
	

	02EV05-3
	7,1
	0,4
	6,9
	28,4
	43,1
	4,1
	0,3
	2,0
	0,56
	

	02EV05
	7,1
	0,4
	6,9
	28,4
	43,1
	4,1
	0,3
	2,0
	0,56
	-

	02EV06-1
	7,8
	0,5
	6,4
	21,6
	40,4
	3,4
	0,3
	3,4
	0,64
	

	02EV06-2
	6,6
	0,4
	10,2
	46,8
	64,6
	4,6
	0,5
	5,3
	0,68
	

	02EV06-3
	6,8
	0,4
	32,3
	78,3
	79,4
	2,4
	1,2
	3,5
	0,63
	

	02EV06
	7,1
	0,4
	16,3
	48,9
	61,5
	3,5
	0,7
	4,1
	0,65
	0,7


Bold values represent averages. 
* Aliquots not included in the average calculation 
Table S2: Summary of apatite (U-Th)/He cooling ages from Table S1
	Sample
	Age [Ma]
	± [Ma]
	Aliquots
	Lat. [°]
	Long. [°]
	Elev. [km]
	Distance from divide [km]*
	Formation
	Depositional age #

	TH08-15
	4,9
	0,3
	3
	35,65333
	52,39802
	2,202
	-18
	"Melaphyre"
	Early-Middle Jurassic

	TH08-17
	12,8
	0,8
	3
	35,71220
	52,33734
	2,522
	-12,7
	Shemshak
	Early Jurassic

	TH08-19
	15,7
	0,9
	2
	35,80227
	52,25458
	2,780
	4,2
	Karaj
	Eocene

	TH08-20
	14,1
	0,8
	3
	35,78946
	52,03632
	2,656
	-3,15
	Shemshak
	Early Jurassic

	TH08-23
	16,7
	1,0
	3
	35,72786
	51,92020
	1,859
	-12
	Karaj
	Eocene

	TSK01-b
	13,4
	0,8
	4
	35,55803
	52,09453
	2,553
	-25,4
	Karaj
	Eocene

	02EV01
	8,3
	0,5
	2
	35,48500
	52,16875
	1,526
	-31,3
	Lower Red
	Late Oligocene

	02EV02
	6,9
	0,4
	3
	35,48108
	52,16456
	1,538
	-31,8
	Upper Red
	17,4 Ma

	02EV03 
	6,3
	0,4
	2
	35,47361
	52,15872
	1,515
	-33,2
	Upper Red
	17,0 Ma

	02EV04
	8,5
	0,5
	1
	35,45847
	52,16706
	1,461
	-34,5
	Upper Red
	15,5 Ma

	02EV05 
	7.1
	0,4
	1
	35,44469
	52,16514
	1,433
	-35,9
	Upper Red
	13,7 Ma

	02EV06
	7,1
	0,4
	3
	35,43433
	52,15208
	1,377
	-37,3
	Upper Red
	12,9 Ma


*Horizontal distance to the drainage divide is measured perpendicular to the trend of the divide. Negative (positive) values are from samples located south (north) of the divide.
# Absolute depositional ages for samples collected in the Upper Red Formation are from Ballato et al., 2008
Table S3: New zircon (U-Th)/He data presented in this study
	Sample
	Age [Ma]
	± [Ma]
	U [ppm]
	Th [ppm]
	Sm
 [ppm]
	Th/U
	He [nmol/g]
	mass [μg]
	Ft
	stddev

	TH0804-1
	59,4
	4,7
	750,6
	196,2
	1,8
	0,3
	182,1
	3,0
	0,71
	

	TH0804-2
	62,9
	5,0
	532,3
	88,0
	1,0
	0,2
	148,2
	6,7
	0,79
	

	TH0804-3
	72,6
	5,8
	470,4
	150,1
	2,4
	0,3
	156,0
	6,7
	0,78
	

	TH0804
	64,9
	5,2
	584,4
	144,8
	1,8
	0,2
	162,1
	5,5
	0,76
	6,8

	TH0815-1
	17,0
	1,4
	106,4
	81,6
	5,3
	0,8
	8,2
	2,8
	0,71
	

	TH0815-2
	17,4
	1,4
	169,1
	83,4
	3,1
	0,5
	14,0
	7,5
	0,79
	

	TH0815-3
	16,7
	1,3
	184,8
	77,5
	1,2
	0,4
	12,7
	2,3
	0,69
	

	TH0815
	17,0
	1,4
	153,4
	80,8
	3,2
	0,6
	11,6
	4,2
	0,73
	0,3

	TH0817-1
	35,3
	2,8
	184,2
	133,0
	6,8
	0,7
	31,2
	4,8
	0,76
	

	TH0817-2
	22,3
	1,8
	49,2
	102,3
	7,6
	2,1
	6,0
	2,3
	0,68
	

	TH0817-4
	38,5
	3,1
	30,7
	36,2
	1,2
	1,2
	6,3
	6,9
	0,77
	

	TH0817
	32,1
	2,6
	88,0
	90,5
	5,2
	1,3
	14,5
	4,7
	0,74
	8,6

	TH0820-1
	40,8
	3,3
	87,9
	44,4
	0,3
	0,5
	17,3
	8,9
	0,80
	

	TH0820-2
	42,5
	3,4
	269,0
	84,0
	3,8
	0,3
	53,3
	8,6
	0,80
	

	TH0820-3*
	103,2
	8,3
	162,5
	100,5
	1,6
	0,6
	80,5
	5,8
	0,77
	

	TH0820
	41,6
	3,3
	178,4
	64,2
	2,1
	0,4
	35,3
	8,7
	0,8
	1,2

	TH0821-1
	30,0
	2,4
	123,7
	98,3
	3,6
	0,8
	17,7
	4,4
	0,74
	

	TH0821-2
	34,8
	2,8
	94,3
	69,6
	1,8
	0,7
	15,1
	3,5
	0,73
	

	TH0821-3
	29,9
	2,4
	73,3
	52,8
	0,8
	0,7
	10,3
	3,9
	0,74
	

	TH0821
	32,4
	2,6
	109,0
	83,9
	2,7
	0,8
	16,4
	4,0
	0,73
	3,5

	TH0823-1
	16,3
	1,3
	120,3
	87,3
	8,2
	0,7
	9,8
	7,8
	0,79
	

	TH0823-2
	10,0
	0,8
	31,8
	19,4
	4,0
	0,6
	1,6
	8,2
	0,80
	

	TH0823-3*
	44,4
	3,6
	89,5
	178,8
	2,3
	2,0
	25,6
	11,1
	0,81
	

	TH0823
	13,2
	1,1
	76,1
	53,4
	6,1
	0,7
	5,7
	8,0
	0,79
	4,5

	VPF003-1
	28,2
	2,3
	30,1
	35,3
	1,2
	24,7
	25,8
	0,9
	
	

	VPF003-2
	33,6
	2,7
	53,0
	56,8
	1,1
	10,0
	15,2
	0,8
	
	

	VPF003-3
	29,9
	2,4
	354,5
	93,6
	0,3
	49,9
	11,2
	0,8
	
	

	VPF003
	30,6
	2,5
	145,9
	61,9
	0,8
	28,2
	17,4
	0,8
	2,76
	2,8


Bold values represent averages. 
* Aliquots not included in the average calculation 
Table S4: Summary of zircon (U-Th)/He cooling ages from Table S3
	Sample
	Age [Ma]
	± [Ma]
	Aliquots
	Lat. [°]
	Long. [°]
	Elev. [km]
	Distance from divide [km]*
	Formation
	Depositional age

	TH08-04
	64,9
	5,2
	3
	35,95615
	51,57124
	2,117
	-9,6
	Jeirud
	Late Devonian

	TH08-15
	17,0
	1,4
	3
	35,65333
	52,39802
	2,202
	-18
	"Melaphyre"
	 Early-Middle Jurassic

	TH08-17
	32,1
	2,6
	3
	35,71220
	52,33734
	2,522
	-12,7
	Shemshak
	Early Jurassic

	TH08-20
	41,6
	3,3
	2
	35,78946
	52,03632
	2,656
	-3,15
	Shemshak
	Early Jurassic

	TH08-21
	32,4
	2,6
	3
	35,71213
	52,0739
	2,039
	-8,7
	Karaj
	Eocene

	TH08-23
	13,2
	1,1
	2
	35,72786
	51,9202
	1,859
	-12
	Karaj
	Eocene

	VPF-003
	30,6
	2,5
	3
	36,07848
	50,78517
	2,635
	-1,6
	Lalun
	Late Precambrian


*Horizontal distance to the drainage divide is measured perpendicular to the trend of the divide. Negative (positive) values are from samples located south (north) of the divide.

Table S5: Summary of apatite (U-Th)/He cooling ages from Ballato et al., (2013)
	Sample
	Age [Ma]
	± [Ma]
	Aliquots
	Lat. [°]
	Long. [°]
	Elev. [km]
	Distance from divide [km]*

	TH08-05
	3,6
	0,2
	3
	35,94312
	51,53752
	2,002
	-17,7

	TH08-07
	7,8
	0,5
	3
	35,82664
	51,17648
	2,184
	-39,2

	TH08-08
	10,8
	0,6
	3
	35,81436
	51,17620
	1,969
	-38,7

	TH08-10
	9,6
	0,6
	3
	35,78784
	51,15915
	1,636
	-41,5

	TH08-12
	6,7
	0,3
	3
	35,87170
	51,04788
	1,471
	-30

	TH08-13
	9,5
	0,6
	3
	35,84421
	51,05709
	1,425
	-33

	TH08-14
	6,8
	0,4
	5
	35,79534
	51,03817
	1,53
	-38,5

	TH08-22
	12,5
	0,7
	3
	35,81032
	51,82980
	2,31
	-4,7

	TH08-24
	36,3
	2,2
	3
	35,75801
	51,69988
	1,51
	-14,7

	SA-02
	12
	0,6
	3
	35,79675
	51,03983
	1,569
	-43,8

	SA-03
	9,5
	0,6
	3
	35,77400
	51,17000
	1,543
	-43,8

	SA-05
	10,7
	0,6
	3
	35,82750
	51,26348
	1,791
	-39,4

	SA-06
	7,8
	0,5
	3
	35,80222
	51,25487
	1,592
	-39,1

	SA-08
	6,4
	0,4
	2
	35,78248
	51,26123
	1,427
	-41,7

	ST-001
	8,7
	0,5
	2
	35,80967
	51,01200
	1,378
	-32,3

	ST-003
	4,2
	0,3
	3
	35,77400
	51,17000
	1,543
	-43,8

	ST-005
	6,6
	0,4
	1
	35,80578
	51,34058
	1,796
	-39,5

	ST-006
	6
	0,4
	3
	35,82689
	51,42586
	1,804
	-33

	ST-008
	8,3
	0,5
	3
	35,82864
	51,72531
	1,919
	-6,8

	ST-009
	6,4
	0,4
	1
	35,78742
	51,32453
	1,68
	-39,8

	270505-1#
	6,4
	0,4
	2
	35,83436
	51,66553
	1,813
	-8,2

	310505-01#
	8,6
	0,3
	2
	35,83878
	51,78511
	2,822
	-2,8

	310505-02#
	10,5
	0,6
	3
	35,83750
	51,78375
	2,688
	-2,9

	TH-02
	8,1
	0,4
	3
	35,82173
	51,40012
	1,878
	-33,7

	TH-03
	15
	0,7
	3
	35,88421
	51,42013
	3,98
	-27

	TH-04
	15,5
	0,8
	3
	35,88268
	51,41128
	3,768
	-27,7

	TH-05
	15,9
	0,8
	3
	35,87668
	51,40523
	3,626
	-28,3

	TH-06
	16,2
	0,8
	3
	35,87139
	51,40199
	3,519
	-29

	TH-07
	13,8
	0,7
	3
	35,86949
	51,40401
	3,414
	-29,3

	TH-10
	12,1
	0,6
	3
	35,85856
	51,39988
	2,952
	-30,7

	TH-11
	11,2
	0,6
	3
	35,85518
	51,39780
	2,916
	-31,2

	TH-12
	8,2
	0,4
	3
	35,83817
	51,40749
	2,578
	-32,4

	TH-14
	9,2
	0,5
	3
	35,83325
	51,40864
	2,41
	-33,3


*Horizontal distance to the drainage divide is measured perpendicular to the trend of the divide. Negative (positive) values are from samples located south (north) of the divide.

# Granodioritic rocks intruded at shallow depth during the Eocene (Ballato et al., 2011). The rest of the samples belongs to the volcanoclastic rocks of the Karaj Formation (Eocene) 
Table S6: Summary of zircon (U-Th)/He cooling ages from Ballato et al., (2013)
	Sample
	Age [Ma]
	± [Ma]
	Aliquots
	Lat. [°]
	Long. [°]
	Elev. [km]
	Distance from divide [km]*

	TH08-05
	47,3
	3,8
	2
	35,94312
	51,53752
	2,002
	-17,7

	TH08-07
	24,9
	2
	3
	35,82664
	51,17648
	2,184
	-39,2

	TH08-08
	43,2
	3,5
	2
	35,81436
	51,17620
	1,969
	-38,7

	TH08-09-1#
	70,4
	5,6
	-
	35,80691
	51,16795
	1,79
	-43,8

	TH08-09-2#
	84,9
	6,8
	-
	35,80691
	51,16795
	1,79
	-43,8

	TH08-10
	39,4
	3,1
	3
	35,78784
	51,15915
	1,636
	-41,5

	TH08-13
	21,7
	1,7
	3
	35,84421
	51,05709
	1,425
	-33

	TH08-22
	34,3
	2,7
	2
	35,81032
	51,82980
	2,31
	-4,7

	TH08-24
	38,3
	3,1
	3
	35,75801
	51,69988
	1,51
	-14,7

	TH08-27
	39,3
	3,1
	3
	35,87887
	51,65311
	2,141
	-4

	SA-05
	24,1
	1,9
	3
	35,82750
	51,26348
	1,791
	-39,4

	SA-06
	25
	2
	3
	35,80222
	51,25487
	1,592
	-39,1

	SA-08
	20,2
	1,6
	3
	35,78248
	51,26123
	1,427
	-41,7

	ST-001
	24,5
	2
	3
	35,80967
	51,01200
	1,378
	-32,3

	ST-003
	30,2
	2,4
	3
	35,77400
	51,17000
	1,543
	-43,8

	ST-005
	29,9
	2,4
	3
	35,80578
	51,34058
	1,796
	-39,5

	ST-006
	18,1
	1,5
	3
	35,82689
	51,42586
	1,804
	-33

	ST-007
	15,9
	1,3
	2
	35,83106
	51,63608
	1,76
	-10,2

	ST-008
	37,9
	3
	3
	35,82864
	51,72531
	1,919
	-6,8

	ST-009
	28,3
	2,3
	3
	35,78742
	51,32453
	1,68
	-39,8

	TH-02
	15
	1,2
	3
	35,82173
	51,40012
	1,878
	-33,7

	TH-03
	22,5
	1,8
	3
	35,88421
	51,42013
	3,98
	-27

	TH-04
	25,7
	2,1
	3
	35,88268
	51,41128
	3,768
	-27,7

	TH-05
	14,5
	1,2
	3
	35,87668
	51,40523
	3,626
	-28,3

	TH-06
	20,7
	1,7
	3
	35,87139
	51,40199
	3,519
	-29

	TH-07
	19,9
	1,6
	3
	35,86949
	51,40401
	3,414
	-29,3

	TH-08
	16,3
	1,3
	3
	35,86574
	51,40490
	3,2
	-29,5

	TH-09
	17,9
	1,4
	3
	35,86359
	51,40293
	3,1
	-30,1

	TH-11
	13,7
	1,1
	3
	35,85518
	51,39780
	2,916
	-31,2

	TH-12
	14,9
	1,4
	3
	35,83817
	51,40749
	2,578
	-32,4

	TH-14
	15,7
	1,4
	3
	35,83325
	51,40864
	2,41
	-33,3


All samples are from the volcanoclastic rocks of the Karaj Formation (Eocene).
*Horizontal distance to the drainage divide is measured perpendicular to the trend of the divide. Negative (positive) values are from samples located south (north) of the divide.

# Samples with recycled zircon grains.
Table S7: Summary of apatite (U-Th)/He cooling ages from Guest et al., (2006).
	Sample
	Age [Ma]
	± [Ma]
	Aliqu.
	Lat. [°]
	Long. [°]
	Elev. [km]
	Distance from divide [km]*
	Formation/ Pluton
	Depositional/ crystallization age

	KJ001
	5,8
	0,3
	2
	36,20028
	51,32568
	2,284
	5,6
	Shemshak
	Early Jurassic

	KJ003
	4,8
	0,2
	1
	36,19314
	51,31399
	2,534
	4,5
	Karaj
	Eocene

	KJ005
	4,3
	0,2
	2
	36,12174
	51,31594
	2,369
	-3,1
	Karaj
	Eocene

	KJ006
	6,5
	0,3
	2
	36,09513
	51,31592
	2,222
	-6,5
	Shemshak
	Early Jurassic

	KJ007
	4
	0,2
	2
	36,05164
	51,31334
	2,166
	-11,7
	Zaigun-Lalun
	Precambrian

	KJ011
	6,9
	0,3
	2
	35,96068
	51,09338
	1,833
	-24,5
	Karaj
	Eocene

	KJ012
	5,1
	0,3
	2
	35,91542
	51,04218
	1,831
	-30,5
	Karaj
	Eocene

	20-35-1
	3,4
	0,2
	2
	36,23113
	50,98194
	3,25
	13,1
	Red Beds
	Oligo-Miocene

	20-36-1
	4,7
	0,2
	2
	36,23287
	50,98241
	3,03
	13,4
	Red Beds
	Oligo-Miocene

	20-36-3
	6,1
	0,3
	2
	36,23912
	50,98657
	2,58
	14,4
	Karaj
	Eocene

	20-39-3
	4,2
	0,2
	2
	36,25509
	50,98449
	2,47
	15,8
	Karaj
	Eocene

	LJ006
	13,3
	0,7
	2
	37,16167
	50,12667
	0,21
	81,2
	Lahijan Pluton
	Neoproterozoic/ Cambrian

	LJ007
	16,1
	0,8
	2
	37,16417
	50,12750
	0,153
	81,6
	Lahijan Pluton
	Neoproterozoic/ Cambrian

	LJ008
	17,2
	0,9
	2
	37,17083
	50,12583
	0,043
	82,3
	Lahijan Pluton
	Neoproterozoic/ Cambrian

	20-16-1
	6,7
	0,3
	2
	36,60250
	50,60583
	3,36
	40,5
	Nusha Pluton
	ca. 98 Ma

	20-16-4
	6,6
	0,3
	2
	36,60083
	50,61167
	3,08
	41
	Nusha Pluton
	ca. 98 Ma

	20-16-6
	4,8
	0,2
	2
	36,60250
	50,61583
	2,86
	40
	Nusha Pluton
	ca. 98 Ma

	20-16-8
	5,2
	0,3
	2
	36,60833
	50,61583
	2,67
	41,5
	Nusha Pluton
	ca. 98 Ma

	20-16-9
	5,3
	0,3
	2
	36,61000
	50,61667
	2,53
	41,5
	Nusha Pluton
	ca. 98 Ma

	20-24-1
	4,1
	0,2
	2
	36,60750
	50,62333
	2,33
	42
	Nusha Pluton
	ca. 98 Ma

	20-25-2
	2,8
	0,1
	2
	36,59000
	50,65333
	1,44
	43
	Nusha Pluton
	ca. 98 Ma

	20-21-1
	3,8
	0,2
	2
	36,61583
	50,61042
	2,63
	40,5
	Shemshak
	Early Jurassic

	20-23-1
	4,1
	0,2
	2
	36,60917
	50,62500
	2,23
	42,5
	Shemshak
	Early Jurassic


*Horizontal distance to the drainage divide is measured perpendicular to the trend of the divide. Negative (positive) values are from samples located south (north) of the divide.

Table S8: Summary of zircon (U-Th)/He cooling ages from Guest et al., (2006)
	Sample
	Age [Ma]
	± [Ma]
	Aliqu.
	Lat. [°]
	Long. [°]
	Elev. [km]
	Distance from divide [km]*
	/ Pluton
	Crystallization age

	LJ003
	133,1
	6,7
	4
	37,15667
	50,12083
	0,438
	80,5
	Lahijan Pluton
	Neoproterozoic/ Cambrian

	LJ006
	150,2
	7,5
	4
	37,16167
	50,12667
	0,21
	81,2
	Lahijan Pluton
	Neoproterozoic/ Cambrian

	LJ008
	162,3
	8,1
	1
	37,17083
	50,12583
	0,043
	82,3
	Lahijan Pluton
	Neoproterozoic/ Cambrian

	20-16-1
	33,4
	1,5
	8
	36,60250
	50,60583
	3,36
	40,5
	Nusha Pluton
	ca. 98 Ma

	20-16-4
	37,2
	1,5
	4
	36,60083
	50,61167
	3,08
	41
	Nusha Pluton
	ca. 98 Ma

	20-16-6
	26
	1
	3
	36,60250
	50,61583
	2,86
	40
	Nusha Pluton
	ca. 98 Ma

	20-23-1
	21,3
	0,8
	4
	36,60917
	50,62500
	2,23
	42,5
	Nusha Pluton
	ca. 98 Ma

	20-25-2
	12,6
	0,6
	5
	36,59000
	50,65333
	1,44
	43
	Nusha Pluton
	ca. 98 Ma


*Horizontal distance to the drainage divide is measured perpendicular to the trend of the divide. Negative (positive) values are from samples located south (north) of the divide.
Table S9: Summary of apatite (U-Th)/He cooling ages from Axen et al., (2001)
	Sample
	Age [Ma]
	± [Ma]
	Lat. [°]
	Long. [°]
	Elev. [km]
	Distance from divide [km]*
	Pluton
	Crystallization age

	97AK104
	5,8
	0,3
	36,37806
	50,96917
	4,195
	30
	Alam Kuh
	ca. 7 Ma

	19-79-2
	6,3
	0,3
	36,37556
	50,96222
	4,88
	29,6
	Alam Kuh
	ca. 7 Ma

	97AK102
	4,4
	0,2
	36,44389
	51,06500
	1,8
	36,8
	Akapol suite
	50-60 Ma

	19-9-1
	4,9
	0,2
	36,44250
	51,06611
	1,9
	36,5
	Akapol suite
	50-60 Ma

	97AK103
	4,8
	0,2
	36,43167
	51,04167
	2,15
	35,8
	Akapol suite
	50-60 Ma

	19-106-1
	5,8
	0,3
	36,42139
	51,01278
	2,72
	35,6
	Akapol suite
	50-60 Ma

	19-106-2
	5,9
	0,3
	36,41611
	51,01028
	2,88
	25,3
	Akapol suite
	50-60 Ma

	19-106-3
	5,0
	0,3
	36,40917
	51,00944
	3,25
	35,1
	Akapol suite
	50-60 Ma


*Horizontal distance to the drainage divide is measured perpendicular to the trend of the divide. Negative (positive) values are from samples located south (north) of the divide.

Table S10: Summary of apatite fission track cooling ages from Rezaeian et al., (2012)
	Sample
	Age [Ma]
	± [Ma]
	Lat. [°]
	Long. [°]
	Elev. [km]
	Distance from divide [km]
	Formation*
	Depositional/ crystallization age

	CHA1
	20,5
	1,5
	36,54185
	51,35500
	0,271
	51
	Shemshak
	Jurassic

	CHA2
	35,6
	5,1
	36,42617
	51,28333
	0,532
	30,1
	Shemshak
	Jurassic

	CHA3
	21,7
	3,4
	36,28550
	51,24083
	1,417
	14,6
	Zaigun-Lalun
	Precambrian

	CHA4
	26,6
	3
	36,23500
	51,44600
	2,952
	9
	Shemshak
	Jurassic

	CHA5
	15
	3,8
	36,17422
	51,31522
	2,583
	1
	Shemshak
	Jurassic

	CHA6
	17,4
	1,4
	36,05922
	51,31008
	2,146
	-12,1
	Zaigun-Lalun
	Cambrian

	CHA7
	13,2
	1,7
	35,89713
	51,04512
	1,525
	-32,7
	-
	Eo-Oligocene

	CHA8
	15,2
	9,1
	35,84548
	51,05805
	1,409
	-38
	Karaj
	Eocene

	HAR1
	35
	10,2
	36,15993
	52,35772
	0,612
	45,9
	Shemshak
	Jurassic

	HAR2
	14,5
	2
	35,98777
	52,28163
	1,377
	25,2
	Shemshak
	Jurassic

	HAR3
	53,2
	7,6
	35,86028
	52,13060
	1,936
	8,3
	Shemshak
	Jurassic

	HAR4
	15,8
	2,9
	35,68693
	52,45188
	2,141
	-3,5
	Shemshak
	Jurassic

	HAR5*
	24,7
	6
	35,41033
	52,14252
	1,329
	-40,3
	Upper Red
	Miocene

	TEH1*
	29,4
	6,4
	36,54617
	51,94617
	0,014
	75,6
	-
	Miocene

	TEH2*
	21,4
	6,1
	36,52533
	51,94150
	0,092
	73
	-
	Miocene

	TEH3§
	79,4
	10,9
	36,47500
	51,91667
	0,427
	66,6
	-
	Cretaceous

	TEH4§
	157,4
	24
	36,42200
	51,74400
	1,43
	44,1
	Shemshak
	Jurassic

	TEH5
	18,5
	3
	36,20500
	51,91700
	1,799
	39,8
	Shemshak
	Jurassic

	TEH6
	29,8
	9,7
	35,83195
	51,79222
	2,294
	-2,8
	-
	Eo-Oligocene

	TEH7
	35,1
	3,6
	35,81312
	51,78618
	2,11
	-5,3
	Karaj (?)
	Paleocene

	TEH8
	31,8
	4,3
	35,67772
	51,57710
	1,491
	-28,4
	Karaj
	Eocene

	TAL1
	19,9
	6,9
	36,50000
	50,45000
	2,009
	20,7
	Zaigun-Lalun
	Cambrian

	TAL2
	16,5
	3,3
	36,27662
	50,38295
	2,212
	-3,5
	-
	Eo-Oligocene

	TAL3
	16,4
	2,7
	36,09100
	50,53683
	1,79
	-10,5
	Shemshak
	Jurassic

	SHA1
	10,1
	1,3
	37,16650
	50,14560
	0,028
	80
	Lahijan Pluton
	Precambrian

	SHA3
	31,7
	3,6
	36,62177
	50,04445
	1,126
	23
	-
	Eo-Oligocene


* Unreset cooling ages
§ Partially reset cooling ages

# Horizontal distance to the drainage divide is measured perpendicular to the trend of the divide. Negative (positive) values are from samples located south (north) of the divide.
Table S11: Summary of apatite (U-Th)/He cooling ages from Rezaeian et al., (2012)
	Sample
	Age [Ma]
	± [Ma]
	Aliqu.
	Lat. [°]
	Long. [°]
	Elev. [km]
	Distance from divide [km]*
	Formation
	Depositional/ crystallization age

	TAL2
	11,6
	0,4
	3
	36,27662
	50,38295
	2,212
	-2,5
	-
	Eo-Oligocene

	CHA1
	5,6
	0,2
	4
	36,54185
	51,35500
	0,271
	51
	Shemshak
	Jurassic


* Horizontal distance to the drainage divide is measured perpendicular to the trend of the divide. Negative (positive) values are from samples located south (north) of the divide.
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Figure S1. Simplified geologic map of the Alborz Mountains based on 1:250.000 quadrangle maps of the Geological Survey of Iran showing our new (A) Zircon (U-Th)/He and (B) Apatite (U-Th)/He cooling ages.
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Figure S2. Summary of ZHe and AFT cooling ages with different plots representing distance from the drainage versus (A) elevation and (B) cooling age, and cooling age versus elevation for data points located (C) north and (D) south of the drainage divide. The grey boxes highlight the major cooling phases associated with different regional tectonics stages (magmatic flare up, soft and hard collision; Ballato et al 2011 and references therein). The ellipses highlight samples from the same area (identified by abbreviations: np, Nusha Pluton; ak, Akapol Pluton; am, Alam-Kuh Pluton; and mt, Mount Tochal).
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Figure S3. Summary of AHe cooling ages with different plots representing distance from the drainage versus (A) elevation and (B) cooling age, and cooling age versus elevation for data points located (C) north and (D) south of the drainage divide. Note that the ~ 6 to 3 Ma AHe ages north of the divide are independent of their elevations (except for the Lahijan Pluton), while south of the divide they still exhibit an age-elevation relationship with a cluster at ~ 9-6 Ma associated with the growth of the Southern Alborz Anticline during the propagation of the deformation front into the southern foreland basin (this study), and the reactivation of the North Tehran Thrust as frontal ramp (Ballato et al 2013). 
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2) Spatio-temporal pattern of exhumation rates
To infer exhumation rates, we apply a linear inverse method, which is designed to exploit exhumation-rate constraints from age-elevation relationships and from multiple thermochronometric systems with different closure temperatures (Fox et al., 2014). Closure depths are calculated using an approximation to the three-dimensional temperature field along with a cooling-rate dependent closure temperature. The surface-erosion rate at a specific location is a function of time and is related to a specific age through a travel-time expression, in which the closure depth is described as the integral of the exhumation rate over the time interval recorded by the cooling age. This integral is discretized and erosion rate is expressed as a piecewise constant function over the discrete time intervals. Solutions are linked in space across time intervals using a prescribed spatial correlation structure (Fox et al., 2014). Because the small reported uncertainties on the (U-Th)/He ages (~5-8% of the age; see tables TS1 to TS11) do not represent the reproducibility of the individual aliquots, we have assigned an uncertainty of 15% to all (U-Th)/He ages to derive our erosion rate history (σ; Figure 3).

3) Transient response to base level and rock uplift rates change
When calculating knickpoint migration rates for the northern flank of the Alborz Mountains, we start by assuming that the vertical erosion rate ([image: image5.png]


, in m yr-1) is a power-law function of drainage area (A, units of m2) and stream gradient (S, dimensionless):
(1) 
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where [image: image9.png]


 and [image: image11.png]


 are positive constants and [image: image13.png]


 is a dimensional coefficient of erosion with units of m1-2m yr-1 (Whipple and Tucker, 1999). By re-arranging Equation (1), we can rewrite it as: 

(2) 
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is often expressed as the river steepness index, ks, while the term [image: image19.png]A1



 is often expressed as the concavity index, Θ (Flint, 1974).  Both terms can be directly extracted directly from river networks on a digital elevation model: Θ is derived from the slope of the gradient-area relationship on a log-log plot, and typically yields a value of ~ 0.5, while ks is calculated from the y-axis intercept from a regression of the relationship between the log of gradient and the log of drainage area (Whipple, 2001).  We perform this analysis using the stream profiler tool, available from www.geomorphtools.org, with documentation in Wobus et al. (2006).  In practice, we apply a reference concavity value Θref for all channel segments from which we derive normalized steepness indexes (ksn) (Wobus, 2006).
Base-level fall

The horizontal knickpoint migration rate along a river following a sudden, finite, base-level fall has the form of a non-linear kinematic wave equation (Rosenbloom and Anderson, 1994; Whipple and Tucker, 1999): 

(3) 
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where ka is a dimensional constant and h is the reciprocal of the Hack exponent (Hack, 1957). Considering that Hack’s law is: 

(4)
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,

and that K can be rewritten in terms of the river steepness index, ks, 

(5)
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,

we can rewrite knickpoint celerity (equation 3) as: 

(6) 
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If n = 1, equation (6) simplifies to:

(7) 
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For the case of m = 0.5 (recalling that n was assumed equal to 1, such that m/n = 0.5), ε in m yr-1, and A in m2, the units on celerity ([image: image31.png]Ce



) are m yr-1.

In applying these principals to calculate the migration time associated with the large knickpoints we find along channels at the northern flank of the Alborz Mountains, we iteratively sum the time required for a knickpoint to move up each channel starting at the outlet until we reach the knickpoint position, using the drainage area (A) and normalized steepness index (ksn) of each segment of the channel extracted by the profiler tool, and using the exhumation rates ([image: image33.png]


) derived from our linear inversion of the thermochronology data (including any variations resolved in the different time windows).  We can also calculate the total response time of the channel by summing the time required to reach the fluvial-hillslope transition, which we identify as the drainage area below which there is no substantial change in slope with drainage area (Montgomery and Foufoula-Georgiou, 1993). 
Table 1 in the main text presents a summary of our calculations for 17 rivers draining through the northern orogenic slope (see Figure 6 in the main text for channel location), while Table S12 contains all the parameters used for the calculations, which were extracted from figures S3 to S19. 

Note that according to our linear inversion of thermochronology data, erosion rates should have increased during the last 3 Myr (Figure 3). Therefore, our estimation of the fluvial total response time as well as the time needed for a ~ 6 Myr-old-knickpoint to reach its present-day elevation were derived by increasing erosion rates from E1 to E2 after 3 Myr (Table 1). Our celerity calculations, however, are based on the present-day drainage area, and hence do not consider the extra river length resulting from the exposure of the Caspian shelf after the establishment of a new base level. This extra length, which could have been ~ 20 to 25 km (Reynolds et al., 1998), would have been entirely located on the shelf of the Caspian Sea within poorly consolidated (and hence highly erodible) river-delta or shallow-water marine deposits. In addition, in case of deltaic deposits, the new base level could have been located in proximity of the delta bottomset and hence the knickpoint would have started migrating upward from a point located between pre 6 Ma and the 6-3 Ma shoreline. 
Table S12 (next page): Summary of knickpoint migration rates and total response time for a sudden drop in base level, assuming that after 3 Myr erosion rates (which are considered to be equal to rock uplift rates; i.e., steady state) will change from E1 (which is equal to 0.35-0.4 and 0.15-0.25 mm/yr for the central western and central eastern channels respectively) to E2 (which is considered to be equal to 0.4-0.5 mm/yr)
	Channel
	Knickpoint (KP) elevation
	Knickpoint (KP) elevation
	Distance
	Fluvial area break
	Knickpoint break (area)
	Erosion rate 1 (E1)
	Erosion rate 2 (E2)
	Timing to change in E
	Knickpoint after E1 [m]
	Knickpoint after E1
	Timing to present-day KP
	Total response time

	 
	[m]
	[m]
	[m]
	[m2]
	[m2]
	[mm/yrs]
	[mm/yrs]
	[Myrs]
	[m]
	[m]
	[Myr]
	[Myr]

	616
	1267
	1267
	17640
	1360000
	126400000
	0.35
	0.4
	3
	983
	983
	3.7
	5.2

	616
	1267
	1267
	17640
	1360000
	126400000
	0.4
	0.5
	3
	876
	876
	3.3
	4.5

	616
	880
	880
	39430
	1360000
	525400000
	0.35
	0.4
	3
	983
	983
	2.7
	5.2

	616
	880
	880
	39430
	1360000
	525400000
	0.4
	0.5
	3
	876
	876
	2.4
	4.5

	637
	1077
	1077
	23010
	793800
	154300000
	0.35
	0.4
	3
	956
	956
	3.3
	7.5

	637
	1077
	1077
	23010
	793800
	154300000
	0.4
	0.5
	3
	1114
	1114
	2.9
	6.3

	660
	2329§
	2329§
	7658
	3000000
	36560000
	0.35
	0.4
	3
	984
	984
	6.5
	8

	660
	2329§
	2329§
	7658
	3000000
	36560000
	0.4
	0.5
	3
	1136
	1136
	5.5
	6.7

	660
	1583§
	1583§
	22530
	3000000
	180900000
	0.35
	0.4
	3
	984
	984
	5
	8

	660
	1583§
	1583§
	22530
	3000000
	180900000
	0.4
	0.5
	3
	1136
	1136
	4.3
	6.7

	660
	914
	914
	40740
	3000000
	449600000
	0.35
	0.4
	3
	984
	984
	2.8
	8

	660
	914
	914
	40740
	3000000
	449600000
	0.4
	0.5
	3
	1136
	1136
	2.4
	6.7

	667
	2411
	2411
	4660
	740000
	13190000
	0.35
	0.4
	3
	993
	993
	6.6
	7.9

	667
	2411
	2411
	4660
	740000
	13190000
	0.4
	0.5
	3
	993
	993
	5.6
	6.6

	667
	1029
	1029
	22270
	740000
	160900000
	0.35
	0.4
	3
	1150
	1150
	3.2
	7.9

	667
	1029
	1029
	22270
	740000
	160900000
	0.4
	0.5
	3
	1150
	1150
	2.8
	6.6

	671
	2157
	2157
	7487
	1000000
	30000000
	0.35
	0.45
	3
	996
	996
	5.6
	7

	671
	2157
	2157
	7487
	1000000
	30000000
	0.45
	0.6
	3
	1298
	1137
	4.5
	5.5

	671
	1386§
	1386
	15260
	1000000
	100000000
	0.35
	0.45
	3
	996
	996
	3.8
	7

	671
	1386§
	1386
	15260
	1000000
	100000000
	0.45
	0.6
	3
	1298
	1137
	3.1
	5.5

	674
	1710*
	1710
	14190
	1191000
	92000000
	0.35
	0.45
	3
	1000
	1000
	4.5
	7.7

	674
	1710*
	1710
	14190
	1191000
	92000000
	0.45
	0.6
	3
	1304
	1158
	3.6
	6

	684
	2122*
	2122
	13590
	1466000
	90480000
	0.35
	0.45
	3
	996
	996
	5.5
	8.9

	684
	2122*
	2122
	13590
	1466000
	90480000
	0.45
	0.6
	3
	1303
	1153
	4.4
	6.9

	691
	3513
	3513
	5703
	1555000
	12970000
	0.25
	0.35
	3
	692
	992
	11.1
	12.7

	691
	3513
	3513
	5703
	1555000
	12970000
	0.35
	0.5
	3
	992
	1137
	8
	9.2

	691
	2307§
	2307
	15900
	1555000
	50750000
	0.25
	0.35
	3
	692
	992
	7.6
	12.7

	691
	2307§
	2307
	15900
	1555000
	50750000
	0.35
	0.5
	3
	992
	1137
	5.6
	9.2

	691
	930*
	930
	43430
	1555000
	333400000
	0.25
	0.35
	3
	692
	992
	3.7
	12.7

	691
	930*
	930
	43430
	1555000
	333400000
	0.35
	0.5
	3
	925
	1137
	2.8
	9.2

	694
	1922
	1922
	14170
	3572000
	74500000
	0.2
	0.3
	3
	543
	395
	7.6
	11.3

	694
	1922
	1922
	14170
	3572000
	74500000
	0.3
	0.5
	3
	829
	683
	5.2
	7.4

	698
	2152*
	2152
	8589
	1952000
	25520000
	0.2
	0.3
	3
	543
	397
	8.6
	10.5

	698
	2152*
	2152
	8589
	1952000
	25520000
	0.3
	0.5
	3
	829
	684
	5.8
	6.9

	698
	1493§
	1493
	16090
	1952000
	87700000
	0.2
	0.3
	3
	543
	397
	6.3
	10.5

	698
	1493§
	1493
	16090
	1952000
	87700000
	0.3
	0.5
	3
	829
	684
	4.4
	6.9

	702
	2150*
	2150
	12350
	1061000
	60700000
	0.2
	0.3
	3
	543
	395
	8.5
	11.9

	702
	2150*
	2150
	12350
	1061000
	60700000
	0.3
	0.5
	3
	829
	683
	5.7
	7.7

	707
	1910§
	1910
	7000
	1400000
	33000000
	0.2
	0.3
	3
	535
	389
	7.8
	10.8

	707
	1910§
	1910
	7000
	1400000
	33000000
	0.3
	0.5
	3
	828
	684
	5.3
	7.1

	714
	1133
	1133
	23890
	2722000
	212300000
	0.2
	0.3
	3
	535
	389
	5.1
	10.1

	714
	1133
	1133
	23890
	2722000
	212300000
	0.3
	0.5
	3
	828
	389
	3.7
	6.7

	724
	1429*
	1429
	23770
	4674000
	354900000
	0.2
	0.3
	3
	551
	406
	5.9
	8.9

	724
	1429*
	1429
	23770
	4674000
	354900000
	0.3
	0.5
	3
	846
	705
	4.2
	5.9

	733
	1292
	1292
	12720
	1280000
	73520000
	0.2
	0.3
	3
	550
	409
	5.5
	9.5

	733
	1292
	1292
	12720
	1280000
	73520000
	0.3
	0.5
	3
	845
	701
	3.9
	6.3

	735
	2148
	2148
	7614
	1004000
	32240000
	0.2
	0.3
	3
	550
	409
	8.4
	10.9

	735
	2148
	2148
	7614
	1004000
	32240000
	0.3
	0.5
	3
	854
	703
	5.6
	7.1

	740*
	Equilibrium  profile
	
	
	3700000
	
	0.2
	0.3
	3
	527
	380
	
	8.8

	740*
	Equilibrium  profile
	
	 
	3700000
	 
	0.3
	0.5
	3
	826
	558
	 
	5.9


* Knickpoints associated with a lithological contact (either fault or stratigraphic contact)
§ Minor knickpoints
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Figure S4: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45, and B) river profile of Channel 616, highlighting the occurrence of two major knickpoints. C) Upstream drainage area versus downstream distance plot.
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Figure S5: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45, and B) river profile of Channel 637, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.
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Figure S6: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45, and B) river profile of Channel 660, highlighting the occurrence of three major knickpoints. C) Upstream drainage area versus downstream distance plot.
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Figure S7: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45, and B) river profile of Channel 667, highlighting the occurrence of two major knickpoints. C) Upstream drainage area versus downstream distance plot.
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Figure S8: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45, and B) river profile of Channel 671, highlighting the occurrence of two major knickpoints. C) Upstream drainage area versus downstream distance plot.
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Figure S9: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 674, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.
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Figure S10: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 684, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.
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Figure S11: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 691, highlighting the occurrence of four major knickpoints. C) Upstream drainage area versus downstream distance plot.
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Figure S12: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 694, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.
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Figure S13: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 698, highlighting the occurrence of two major knickpoints. C) Upstream drainage area versus downstream distance plot.
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Figure S14: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 702, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.
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Figure S15: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 707, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.
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Figure S16: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 714, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.
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Figure S17: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 724, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.

[image: image48.jpg]Slope area plot (smoothed)

T T 17T
-
-+

LT
* ++:% % *% ﬁ:‘:

S
T ImTTTl
-
_+_+_
-
1 IIIIIII|

hillslope | fluvial

o
IIIT_TTT'T]

10_ | L Lol L L Lol
10 10 10° 107 10 10

Upstream drainage area [m2]

Longitudinal stream profile (733)
3000 I |

2500

2000

1500

1000

Smoothed elevation [m]

500

-500
0 1 2 3 4 5 6 7 8 9

Downstream distance x 10"

Channel 733

Downstream distance [m]
o

10" 10° 10° 10 10° 10°
Upstream drainage area [m2]




Figure S18: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 733, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.
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Figure S19: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45 and B) river profile of Channel 735, highlighting the occurrence of a major knickpoint. C) Upstream drainage area versus downstream distance plot.

[image: image50.jpg]Smoothed elevation [m]

Slope area plot (smoothed)

10° ¢
E o ]
& SR a1
: L - :
N it __
107 & E
i * % ]
- C ]
& 107 E
N E i 3
10°F ] E
E hillslope | fluvial 3
1 0_4 _4 1 1 1 1 1 I | 5 1 1 1 1 1 1 11 | 6 1 1 1 1 1 111 | - 1 1 1 1 1 1 11 | 5 1 1 1 1 1 11 I_ 5
10 10 10 10 10 10
Upstream drainage area [m2]
Longitudinal stream profile (740)
4000 I I I
3000 -
2000 - —
1000 — —
O — —
-1000
0 1 2 3 4 5 6 7 8 9 10
Downstream distance x 10"
5 Channel 740
10
g | o = E
@ 10'E M ¢ _
go® 090 0 €
© 3 &
g 10°F 000 © 3
I F O % ]
o a <><> ]
2 2| i
109 E
o § ]
101 5 6 7 8 9
10 10 10 10 10

Upstream drainage area [m2]




Figure S20: A) Slope versus upstream area plot in logarithmic scale for a concavity of 0.45, B) river long profile and C) upstream drainage area versus downstream distance plot for Channel 740. Note that the channel has an equilibrium profile suggesting that the knickpoint generated during the base level drop may not be preserved as also suggested by the total fluvial response time (6.2 to 7.7 Myr; Table S12).
Change in uplift rate
As first described in Whipple and Tucker (1999) and Whipple (2001), along a river channel that has experienced a perturbation related to tectonic forcing (e.g., an increase in uplift rate), the rate of channel-head elevation change ([image: image52.png]dz J dt)



depends on the transient imbalance between uplift and erosion at the channel head.  In fact, this statement is true for the whole channel segment upstream from the transiently migrating knickpoint (Kirby and Whipple, 2012):

(8) 
[image: image54.png]



where [image: image56.png]


is the final uplift rate (following the perturbation) and [image: image58.png]


 is the initial erosion rate (prior to the perturbation), assuming that the upper portion of the channel was graded such that the erosion rate is equal to the initial uplift rate prior to the perturbation.  This principal has been applied in different locations to calculate or test the timing of a change in tectonic forcing (Schoenbohm et al., 2004; Harkins et al., 2007; Schildgen et al., 2012).  
For the channels along the northern flank of the Alborz Mountains, we use the same principal to calculate a range of elevations that knickpoints would reach following a sudden increase in uplift rate. While the linear inversion of the thermochronology data indicates a clear increase in exhumation (rock uplift) rates in the time frame of 6 to 3 Ma compared to 3 to 0 Ma, it does not resolve with precision the timing of the change, or if the increase was gradual rather than sudden.  For this reason, our calculations should only be considered approximations of how far up the channel profile knickpoints generated by the increased uplift rate should have reached. Table S12 shows the expected position of knickpoints along the central western and central eastern orogenic flank for an increase in rock uplift rates which is supposed to have occurred at~ 3 Ma.
Table S13: expected elevation of knickpoints along the northern flank of the Central Alborz, developed during the last 3 Myr, assuming an increase in exhumation rates of 0.1 to 0.15 mm/yr (from 0.35-04 to 0.5 mm/yr), 0.1 to 0.25 mm/yr (from 0.25-0.35 to 0.45-0.6 mm/yr) and of 0.1 to 0.3 mm/yr (0.2-0.3 to 0.3-0.5 mm/yr) from west to east, respectively (see Figure 6 for the location of the channels). 
	Channel location
	Channel label
	(Ef-Ei)1
	(Ef-Ei)2
	Elevation after 3 Myr for (Ef-Ei)1
	Elevation after 3 Myr for (Ef-Ei)2

	
	
	(mm/yr)
	(mm/yr)
	(m)
	(m)

	Central western  Alborz
	616 to 684
	0.00015
	0.0001
	450
	300

	Central Alborz
	691
	0.00025
	0.0001
	750
	300

	Central eastern  Alborz
	694 to 735
	0.0003
	0.0001
	900
	300
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4) Lithology and Ksn frequency
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Figure S21. A) Simplified geologic map of the Alborz mountains (see also Figure 1). B) Bar plots showing the frequency distribution of ksn, calculated on a 2-km pixel size for interpolation, within each mapped geological unit (or package of units; colour coding same as above). While most of the high ksn values can be found in Paleozoic and Mesozoic units, those units also include low ksn values, implying that there is no significant rock-type control on the observed steepness pattern.
5) Vertical displacement field
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Figure S22 Vertical displacement based on fault interaction modeling (FIMoz), with faulting along a ~ 34° dipping fault (Caspian Fault) that extends to a depth of ~ 35 km under a regional present-day stress tensor with a N20°E directed SHmax (see Landgraf et al., 2013 and reference therein for further details about the methodology).
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