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Abstract

Fold and thrust belts and adjacent foreland basins at first appear as relatively simple source-to-sink systems in terms of drainage and temporary
storage and ultimate permanent sediment deposition in the foreland basin. Sediment routing from the hinterland should in principle be directed
in a relatively predictive manner to the foreland basin albeit through one or more piggyback basins. Key learnings from application of source-
to-sink methodology to various other tectonic settings suggest there are semi-quantitative relationships between for example areal size of the
catchment and the area and volume of marine deposits. This relationship implies only limited permanent storage of sediment in route to the
ultimate sink, and insignificant loss of sediment out of the source-to-sink system. Several challenges exist to establish a reliable source-to-sink
methodology in thrust and foreland systems: (i) Catchments and antecedent drainage systems are not commonly preserved or easily observable
in thrust and fold belts because of cannibalization of these areas during continued thrusting. (ii) Where significant piggyback basins are formed,
lateral drainage out of the system is likely as well as permanent sediment storage in the piggyback basins. (iii) In thrust and foreland systems
with significant foreland deformation, sediments can be sourced from foreland uplift areas thus adding sediment volumes from other sources
than the thrust belt itself. (iv) Extensional collapse of the thrust belt itself may form drainage in alternate directions to from the thrust belt to the
foreland. The Utah-ldaho-Wyoming thrust belt in the western USA formed largely from the early Cretaceous to the early Paleogene. It shows
prominent examples of the complexities of the thrust belt to foreland basin source-to-sink systems, and offers unresolved challenges in terms of
correlating between thrust belt and foreland. A source-to-sink approach offers at least a qualitative framework for understanding drainage,
transport/bypass and intermediate and permanent sediment storage despite that various parts of the source-to-sink system are not preserved,
such as the catchment. Modern and Recent systems in the area yield substantial information about the antecedent development of the Utah-
Wyoming thrust system and can offer proxy data for establishment of at least a semi-quantitative relationships between various source-to-sink
segments in the Utah-ldaho-Wyoming thrust and foreland system.
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Key challenge

» Do established Source-to-Sink (S2S)
concepts work in thrust belt and foreland
systems?

+ Use Utah-Wyoming thrust belt and related
Upper Cretaceous Mesaverde Group
foreland basin stratigraphy as example

- >600 km transect

- 1st order principles for sediment

supply and storage Campanian Mesaverde Group at
Seminoe Road, Hanna Basin,-Wyoming,»

Presenter’s notes: Thrust to foreland link never made confidently in Utah-Wyoming



Source

S2S: current concept

« Holistic way of thinking at basin and play scale

Segments: predictive relationships

.

Complements sequence stratigraphy

Exploration at basin and play scale

Semi-quantitative for good reasons Somme et al. (2009) Sink

.

Societal, academic, industrial use

Erosion and bypass, sediment transport,
intermediate and final storage




S2S variability — thrust belt and foreland fit?

Height (m)

Helland-Hansen et al. (in press)

<%,
% " Statoil

Presenter’s notes: Challenge: basinal part-often continental margin




S2S profiles on passive
and active margins

Chao Praya, Thailand

Var, France
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Presenter’s notes: Resemblance to foreland basins? Even those in thrust terrains (source) end up on passive margins — Amazon.



Thrust and foreland systems sediment dispersal

« Tectonic and sediment supply complexity
- Particularly where foreland uplifts

- Many sediment sources: volume?

" Schmitt & Steidtmann (1990)

+ Source-to-sink challenges

Segment definition
- Catchment longevity and preservation

Intermediate and permanent storage
areas en route to ultimate sink

- Axial vs transverse vs landward transport
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Thrust and foreland systems sediment dispersal

S2S profile Foreland Basin System

« Tectonic and sediment supply complexity Wedgetop  Foredoop  Forebuige  Backbulge
- Particularly where foreland uplifts
- Many sediment sources: volume?

+ Source-to-sink challenges
- Segment definition
- Catchment longevity and preservation

- Intermediate and permanent storage
areas en route to ultimate sink

- Axial vs transverse vs landward transport
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Thrust belt sediment routing
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North Pl}me River near Sinclair, 'Wyoming

Presenter’s notes: Alternating periods of deposition and incision upstream of topography, incision through uplift, local drainages oriented other directions, local storage



The Sevier thrust belt and foreland
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Sevier thrust belt
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Presenter’s notes: Piggyback fashion, piggyback basins, topography- highest topography sediment source moving basinwards
Cenozoic grabens, extensional collapse
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Cenozoic grabens, extensional collapse




Sevier thrust belt

LEGEND
it

Cz (cenozolc

[ ¥ Tertiary intrusion

TK Late Cretaceous-Eocene
Cretaceous

M2 Triassic-Jurassic
Paleczoic
[Neoproterozolc

YZ MesoNeoproterozoic
Archear

rust bel

Vier ty

1, Se

3

h

ABSAROKA

: V -9000
Yonkee & Weil, 2010 20 km

Presenter’s notes: Piggyback fashion, piggyback basins, topography- highest topography sediment source moving basinwards
Cenozoic grabens, extensional collapse



Foreland uplifts — related to shallow slab
 Local sources and barriers to dis
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Sevier thrust belt as sediment source - challenges
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Presenter’s notes: Local culmination, «local» sediment supply, elongate foredeep —how well do sediments bypass?

+ Catchment volumes and rejuvenation
+ Point-sourced supply

+ Deposition in immediate foredeep
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DeCelles & Cavazza (1999)
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Sediment storage in thrust belt
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» Piggy-back basins with paleovalleys and
transverse sediment supply

» Do these sediments reach the sink?
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Linking thrust belt and foreland
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Presenter’s notes: Conglomerates are constrained by topography in piggyback basins, not pure increased flexural subsidence in foredeep. Two different systems.
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Stratigraphic

Rudoloh et al. (2015)
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Echo Canyon, Utah
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Shoreline and shelf, Rock Springs
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Foreland uplifts
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Foreland uplifts and local sediment sources
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Foreland uplifts and local sediment sources
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Basin pinchout

NW SE
——— Washakie Basin + Wash Basin +— Muddie Park
SE Rock Springs Upift Cralg.CO Fish Creek.CO Kremmiing, CO
A cot "o " ' ) "
o Seee . “ e e . LR . ° @ B
- - - DATUM (Asquith marker)
CanyonCreek Gomez-Veroiza & Steel (2010)
P i
ez
=
= Carter
SURFACES FACIES ASSOCIATIONS .
— Maximum flooding surface [2 Deltaic sandstones
~ Unconformity [ Fluvial sandstones
~ Sequence boundary Wl Fluvial 1o estuarine channels
- [ Coastal pk with
- - Possible correlation line [ Marine shale o
Muddy Buttes

N,
<

" Statoil




<% * Statoil




Summary

« S28 concept made up of
5 previously unlinked subsystems

« 3 segments — 600 km scale
- Thrust belt
- Extended shelf
+ Basinward supply
« Local uplifts-lateral supply
- Basin
+ Linkage between segments?
— At least qualitatively
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