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Geological background
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[ Undifferentiated Quaternary

] Upper Miocene-Pliocene clastics

] Lower-Middle Miocene clastics

[[] Lower-Middle Miocene
volcaniclastics

[ Kusuri and Karabuk
Formations (Eocene)

[ Paleocene-Eocene volcanics

[l Gurksok, Akverend and Atbasi
Formations (Cretaceous-Paleocene)

[] Yemislicai Formation
(Upper Cretaceous)

[l Kapanbogazi Formation
(Upper Cretaceous)

[l Gaglayan and Ulus Formations
(Lower Cretaceous)

[ Inalti Formation (Upper Jurassic-
Lower Cretaceous)

[l Candalag Complex (Middle
Jurassic-Lower Cretaceous)

[l Central Pontides Super-
complex (Middle Jurassic-
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CAP: Central Anatolian Plateau; EAP: Eastern Anatolian Plateau; WAP:
Western Anatolian Province; CP: Central Pontides; CT: Central Taurides;
NAF: North Anatolian Fault; EAF: East Anatolian Fault; DST: Death Sea
Transform Fault; CA: Cyprus Arc; PT: Paphos Transform; AS: Antalya
Slab; SR: Sinop Range; SP: Sinop Peninsula; DB: Devrekani Basin; KB:
Kastamonu Basin; BB: Boyabat Basin; BF: Balifaki Fault; EF: Erikli Fault;
CF: Cide Fault; EKF: Ekinveren Fault.
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Exhumation history (Ballato et al., 2018)
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Figure 2. (a} Digital Elevation Model and (b} topographic relief map calculated over a 2-km circular radius superimposed over a hillshade model of the Central
Pontides, showing major faults (modified after Yildinm et al, 2011), Zircon U-Pb, AFT, and AHe ages. BF = Balfaly Fault; CF = Cide Fault; EF = Erikli Fault;

EkF = Ekinveren Fault; bEKF = Blind Ekinveren Fault; KF = Karabik Fault; NAF = North Anatolian Fault; IR = llgaz Range; KrR = Karablk Range; SR = Sinop Range;
BB = Bovabat Basin; DB = Devrekani Basing KB = Karabuk Basin; KB = Kastamonu Basing DM = Daday Massif; KM = Kang Massif. Note the arc-shaped, elevated, and
high-relief topography of the Sinop and Karabiik ranges (SR and KR, respectively). These ranges are bounded by inward dipping reverse faults, extend parallel to the
cost and tend to merge with the NAF and associated topography. Moreover, they delimit a semicircular and elevated low relief area that includes metamomhic
massifs (DM and KM}, Cretaceous to Eocene marine basins (BB, KrB, and DB} and a Mio-Pliocene continental basins (KB). (¢} Age versus topographic elevation plots of
vertical profile shownin Figure 2a. The dashed lines show the inferred location of a blind thrust fault defined in the text asthe BEKF and the offshore continuation of
the Erikli Fault.



Exhumation history (Ballato et al., 2018
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Figure 10. (a) Location of sampled vertical profiles (red thick line) projected over a topographic swath profile (see Figure 2 for location). The black dashed line repre-
sants the interpelation and the projection of the relict |ands cape (see Figure 2) for the eastern and westem sectors, respectively (see text for furthe r explanation). (b)
Cumulative Palecgene and Late Cenozoic cooling and supposed exhumation. Mote that the Paleogene pattern of cooling is characterized by a maximum in the

central sectors of the Sinop Range, while in the Late Cenozoic, cooling was focused in the western sectors of the profile, where topographic relief is greater (see

Figure 2). (¢ and d} Close-up (see black thick frame of Figure 10d for lecation) and regional view of Global Positioning Sy stem-derived fault normal (bluel and fault
parallel (black) slip rates along the Morth Anatelian Fault (redrawn from Yildinm et al, 2001, with positive fault-normal values indicating compression. Note that the
Late Cenozoic cooling pattern roughly mimics the fault normal slip com ponent of the North Anatolian Fault (MAF) and the inferred elevation of the relict landscape.




Detachment-limited rivers

z = elevation;

0 PEEX g x-Eex e gme
* U =rock-uplift;
@2 E=KA™S" * E = erosion;

A = upstream drainage area;

| o .. S = channel slope;
3 = =" n .
) S _( K) A * K = erosion parameter;
* A = upstream drainage area
1 i * k=ch 1 st ' ;
@ (E)n: E)n:A 'Sk, = channe .s.eepness 1n.dex, | |
K K * m & n = positive coefficients related respectively to basin

hydrology and erosion processes in the bedrock channel. In linear
For m/nref. k ——= k_, conditions n=1 and 0.3<m<0.5;

k_ = normalized steepness index (k_ for a reference m/n ratio)

Sn

Howard & Kerby, 1983; Whipple & Tucker, 1999



(1)

(5)

(6)

Solving equation 1 for block-uplift scenario and n=1

z = elevation;

dz(t’x):U(t,x)—E(t,x) * t=time; | | | |

dt * U =rock-uplift (spatially constant, time variable);

* E = erosion;
0 * A = upstream drainage area;
z|x|= f U (t')d t * K = erosion parameter;
T * x, = stream channel base-level;

X dx * x = arbitrary upstream point;
T:f , e * t = travel time of a perturbation along the river profile from

x K (x )A(x )

the river outlet (x=0) to a given point x;

Whipple & Tucker, 1999; Goren et al., 2014; Gallen., 2018



Non-dimensional uplift history from river y-plots

)

A = upstream drainage area;

* A, = reference drainage area;

K = erosion parameter;

* x, = stream channel base-level;

x = arbitrary upstream point;

m
0

x = obtained by removing K from Equation
6, it represents the non-dimensional time

U* = non-dimensional uplift

K A™ = Non-dimensional uplift (slope of the y-plot)
0

G = N x g matrix, where N is a set of data

. . points of z and y along the fluvial network
New form of Eq. 8 used for the inversion. The data that share a common uplift history and are

(10) GuU*=z Organization assumes that N data points of z and ) along the ordered according to elevation, ¢ is the
fluvial network are ordered according to elevation because number of discrete y steps;

they share a common rock-uplift history. + 2(x,) = baselevel (set=0 in the inversion);

I" = dampening coefficient that determines
the smoothness imposed on the solution;

_ . Least-squares estimate for U*
11 % — * 4 TG+I72] 12T — * X
() O* = U%, + (GIGHPL )Gz ~GUY,) g wing Tarantola, 1998)

I = g x g identity matrix;

e .
Average slope of the inverted y-plot U*,,, = prior guess at the uplift rate

1\ |~
(12) U;I-:(ﬁ)z (zi/z A
i=1 j=1



Fixing U*
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Racano et al., 2021
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Equation 12 overestimate the uplift for the older stages of river
histories




Fixing U*

pri

Projection of relict landscape = estimated surface uplift

Ballato et al, 2018
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We propose a different way to estimate U* . in a non-dimensional river linear inversion. Imposing A =1 (and
for n=1), we show that U* is equivalent to the channel steepness index (k_). We next considered that Ballato

et al. (2018) identified a relict landscape located above an average elevation of 1000 m.a.s.l. in the Sinop
Range. In our inversion approach, the U*  used is the mean k  (£10), for each analyzed catchment upstream

of the elevation limit of this paleolandscape. In this way, our U= . should represent the average rock-uplift
rate before the uplift of the relict surface. We refer to the elevation range from which the average k_ is

estimated as z . . For catchments that do not reach the elevation of the paleolandscape, we arbitrary set z,
to the first 150 m of elevation from the channel-head of river profiles.

rior



Testing U™,;and y-steps for the inversion
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Testing U*,;and y-steps for the inversion
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Testing U*,,and y-steps for the inversion
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River linear inversion
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a) Linear inversion results fro the 19 selected catchments;

b) Inversion misfit;



River linear inversion
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River linear inversion
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Steepness indeX, denudation rates and erosion
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River linear inversion
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Rock-uplift history of the Sinop Range
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Propagation of the North Anatolian Fault
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