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THE ACTIVE FRONTAL FAULT/FOLD
The active structure within the Naryn and At Bashi basins forms the southern
margin of the structural belt (Plate I, Figure 1). At the west end, it is a thrust fault
that involves the Neogene section as well as Quaternary deposits (Figure 9).
Excavations reveal that this fault is currently active, indicating in-sequence
evolution of the structure here. Farther east, in the same structural position, lies
the hinge of a syncline that separates the forelimb of the major structure from
relatively undeformed strata immediately to the south (Figure 9).
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BREAKOUT THRUST FAULTING
Steep, basement-involved reverse faults disrupt the large anticline (Figures 6, 7,
and 8; Plates I and II). These faults occur in a variety of structural levels, many
of which imply out-of-sequence faulting. Most dip steeply to the north, but backthrust faults are locally well developed (Figure 6). These faults are responsible
for much of the structural relief in within the Naryn and At Bashi basins, exposing
bedrock at elevations in excess of 3 kilometers. The reverse faults are closely
associated with folds (Figure 7), and transitions from fold to fault along strike are
common (Plate I).

constraints combined with bedrock
exposures.

SETTING
The Bayabache-Kara Too-Naryn anticline series separates the Naryn and At
Bashi basins (Figure 1). A prominent regionally extensive unconformity is
exhumed over bedrock uplifts and provides a first order constraint on regional
structure. Topography combined with surface exposure provides a minimum
estimate of structural relief of 9 km on this surface (Figure 2).
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Figure 9. Frontal fault. The active frontal fault forms the southern margin of the anticline,
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Figure 1. Landsat Multi-spectral scanner (MSS) image of the Naryn-At Bashi basins and the Bayabache-Kara Too-Naryn
series of anticlines. The north flank of the Bayabache-Kara Too ranges forms the gently north dipping backlimb of the
regional structure. The bedrock cored anticlines form the ranges, and show evidence of out-of-sequence break-out
faulting in a variety of structural positions along strike. Dissected drainages in less resistant Neogene strata form the
moderately to steeply south dipping fore-limb, which is bounded to the south by an active thrust fault or syncline. This
footwall of this structure under the cultivated valley along the At Bashi River is primarily underlain by flat lying beds.
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Figure 10. Evolutionary sequence of the Bayabache -Kara Too-Naryn deformation belt. The
bedrock-cored anticline forms a fault propagation fold, resulting in development of the gently
north dipping backlimb, broad anticline, and moderately south dipping forelimb. Later stage
break-out faults propagate in different structural levels along strike, including pronounced out-ofsequence faulting in the central part of the belt, locally developed back thrust-faultings and inmodeled on Suppe and Medwedeff (1990), Figure 22.
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THE BACKLIMB
A gently dipping back limb forms the north
flank of the series of anticlines. In the
structural core, the backlimb is underlain by
the exhumed erosion surface that dips ~25°
(Figure 3). In the Naryn Basin, the limb
comprises Neogene strata that dip ~15° to the
north. The erosion surface is continuous and
extends for 100 km along strike (Figure 4).
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THE FORELIMB
The fore limb comprises a >5-8 km thick Neogene section of terrestrial sedimentary
deposits. In most places the forelimb is moderately dipping to the south (~35°l
Figures 5, 6). There is more variation in dip here, however, than in the back limb
and locally beds dip as steeply as ~80° or as shallowly as only a few degrees
reflecting folding within the forelimb. These variations reflect complexity in the
footwall geometry at depth or folding related to subsequent break-out of basement
involved reverse faults.
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strata form a 8-10 km wide fore-limb that persists for 100 km along strike.

Figure 6. Forelimb dip panel. Neogene
Figure 2. Shaded contour relief map
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The SSE-vergent thrust and associated fault-propagation fold that defines much of the SSE
margin of the structure has accommodated about 1 mm/yr of shortening during Holocene
time. This rate is less than the 3 m.y.-long shortening rate for the larger Bayabache-Kara TooNaryn structure by a factor of 2 to 5. The Bayabache-Kara Too-Naryn anticlines represent the
clearest example in the Tien Shan of basement-involved shortening within an intermontane
basin. The structural geometry and evolution documented here serve as a template for
regional cross-section interpretation and preliminary measurements of total N-S late Cenozoic
shortening across the Kyrgyz central Tien Shan.
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In cross section from NNW to SSE, the structure consists of (1) a 20-30 degree NNWdipping , (2) NNW steeply-dipping reverse faults, (3) a 50-60 degree SSE-dipping, 5-10 kmwide forelimb locally broken by reverse faults, and (4) a NNW-dipping, partially blind thrust
fault that has accommodated most of the recent shortening. The overall structure appears to
have initiated as a SSE-vergent, basement-involved blind thrust within the "foreland" of a
larger NNW-vergent structure. The initial fault-related folding accommodated 50-80% of the
shortening seen at the surface. Subsequent en echelon reverse faults that formed as
anticlinal breakouts uplifted the pre-Cenozoic basement core. Both NNW- and SSE-dipping
reverse faults within the forelimb locally displace several hundred meters to more than a
kilometer of Neogene cover sediments.

INTRODUCTION
Our geologic investigations indicate that the ~13mm/yr rate of shortening
measured by GPS geodesy across the central Krygyz Tien Shan
(Abdrakhmatov et al., 1996) is partitioned across several late Cenozoic
intermontane basins that characterize the mountain belt . In this study, we
explore the development of a major structure within the range: The BayabacheKara Too-Naryn anticline series that now separates the Naryn and At Bashi
basins, and forms a coherent structure that persists for more than 100 km along
strike (Figure 1). This structure contains a rich variation along strike, yet
maintains the same basic contiguous structural elements: a gently dipping back
limb comprising mostly Neogene strata on a regionally extensive unconformity, a
series of basement-involved anticlines that have been breached by breakout
faults of variable geometry, and a moderately to steeply dipping dipping forelimb
that contains more than 5 km of Neogene strata.
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ABSTRACT:
The Bayabache-Kara Too-Naryn series of anticlines separate the Naryn and At-Bashi basins
in the central Tien Shan and produce about 9 km of structural relief on an early Cenozoic
erosion surface. Structural and stratigraphic studies indicate that the folds and associated
faults constitute a single, greater than 100-km long and 30-km wide structure that formed in
the center of a Miocene to Pliocene intermontane basin during the past 3 m.y.

and undeformed footwall strata in the foreground. Recent shortening across the
Naryn/At-Bashi structure has been accommodated at the surface by slip on the Oinak Djar

profiles across the Bayabache-Kara

fault, which also marks the southern boundary of the deforming zone considered in this

Too-Naryn series of anticlines, from

study. The Oinak-Djar thrust fault marks the sharp boundary between the hills of steeply

west (at the bottom) to east (at the
top). Note the consistency of dip of
the exhumed unconformity that forms
the 25° north-dipping back limb of the

dipping Neogene strata and Quaternary alluvial fans. Recent slip on the fault has formed
an abrupt scarp (black arrows), and has progressively displaced depositional surfaces
(red arrows). A trench excavated across the fault (blue arrow) revealed evidence for
several Holocene ruptures, and a minimum Holocene slip rate of ~1 mm/yr.

STRUCTURAL EVOLUTION OF THE BAYABACHE-KARA TOO-NARYN
ANITCLINE
The regional continuity of the fundamental elements of this structure
indicate its evolutionary sequence. The 30 km wide belt is dominated by a
gently dipping backlimb, bedrock cored anticlinal uplift, and a moderately
dipping forelimb (Figure 10). Superimposed on this basic geometry are breakout reverse faults that vary in the details of their number, structural position,
offset, and cumulative throw along strike. Many of these faults are out-ofsequence; some are back thrust faults. This variety dominates the alongstrike complexity of the structure without obscuring its contiguity and its
fundamental geometry.
We propose a structural evolution that accounts for both the regional continuity
and along strike variation. From east to west, this variation is reflected in three
schematic transects (Figure 10). While this evolutionary sequence is
consistent with many of the geometric principles of fault bend folding and
balanced cross sections, certain geometric complexities hamper restoration.
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