Prediction of Paleo-Catchment Area Through Fluvial Morphology and Application of the Fulcrum
Method: Festningen Member in Svalbard, Norway
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Abstract Purpose

The depositional model of the Festningen Member of the Barremian Helvetiafjellet
Formation is that fluvial to inner deltaic-plain conditions were established as deltas
that built southeastward into the Barents Sea basin from an unknown source north-
west of present-day Svalbard. Currently, models of Artic drainage provinces are na-
scent to non-existent. Here, evidence for a large artic drainage basin into the Creta-

Bankfull channel discharge
values for the Festningen flu-
vial system are approximate-
ly 14,000 mA3/s. This amount
of bankfull discharge cor-

The Festningen Member is a potential oil and gas target in the Bar-
ents Sea. Little is known about the play except that clinoforms are
seen in the seismic data that seem to resemble a prograding delta.

With a ~200km gap in the deltaic clinoforms and the preserved fluvi-

ceous Barents Sea is SuggeSted by USing eStab“Shed Sca|ing relatiOnShipS and the fUI' al System’ the quahty Of the reservoir is Stl” h|gh|y Speculative. “4 1 Crocker Land o0 rEIatiSI to a drainakge dlféa Of
crum method in the Festningen Sandstone. Data from several locations in Svalbard: | B roughly 100,000 kmA?2
Konusdalen, Revneset, Criocerasaksla, and Hanaskogdalen. The Festningen Member EROfiNkam;@@us Collecting data on the fluvial system that fed the delta proves useful ' s ™ §1. | (Blum,2016).The exact

source for this system is still
up for debate. Drawing a
catchment area of
100,000kmA2 on a paleo-re-
construction map and com-
paring it with zircon data
from Svalbard we get the
lower catchment area on
image to the left. However,

sandstone sections were all initially photographed by drone in order to determine 1 1~f'*--- < ' in defining the size and character of the river that fed the system.
channel body dimensions and architecture in the sandstone as well as to record data ’
for 3D photogrammetric construction of virtual outcrop models. Paleohydraulic esti-
mates based on the fulcrum method use bankfull channel dimensions, specifically the
height and width, and the D16, D50, D84, and D90 grainsizes to develop basin-process
models and infer past catchment constraints. Festningen Member sandstone sections
were logged and found to represent braided fluvial systems with mid-channel bars up
to 3 m thick and channel-fills up to 4 m thick. Representative bedload samples were
taken from approximately 10 cm above the base of channel scours for analysis and

Rock sample analysis and 3D modeling of the Festningen Sandstone
are used to place constraints on the maximum and minimum size of
the fluvial system thereby giving an estimate on the amount of dis-
charge one would expect into the delta.

(Van Yperein, unpublished)

model input. The coarse grainsize and large clasts, frequently 3-4 cm and up to 15 cm Meth Od S 1.6;5.4 Go b some (Embry, 2013) believe

in diameter, in the Festningen Member sandstone samples show that this was a large s O % S that Crocker Land could be a
river capable of moving a coarse bedload. Scaling relationships equivalent to 4 m q y: 8 viable Artic sediment source
channels and coarse grained D-values is on the order of the modern Colorado River 3D immagry was created by Ime es@ C R..SCT25A | | during Cretaceous time.

that flow through the southwestern United States . The Bjarmeland Platform and Fing- using drone photographs and (Scotese, 2018)

erdjupet Subbasin in the western Barents Sea have a potential petroleum play in the Photoscanner software. Models

Lower Cretaceous strata, which are, in part, considered to have been fed by the same were used to draw bounding Zircon data collected from I .
Festningen fluvial system that is represented in cliff sections on Svalbard. Seismic pro- surfaces (Miall. 1985) and de- Svalbard shows the largest )

files show clinoforms that may suggest deltaic facies, but remains unknown due to termine bar heights and an- spike at 1.8 Ga. The map z z
lack of well data. Seismic data shows that the Cretaceous Festningen fluvial system branching channel widths. above shows ages of 3§ :
was able to deliver enough sediments onto the Bjarmeland Platform area to build ' Anabranching channels are modern rocks in green areas. £ g
clinoforms. The size of the source area sufficient to produce a trunk river on this scale | seen here in cross-sectional These ages are the basis for z

remains unconstrained, but an area of 100,000 kmA2 is necessary to produce the river view with a few being exposed the potential catchment L | i g | 11 MALIMKL IRIRRL L
found in the rock record, if the Fulcrum method is applied. Existing Arctic tectonic re- obliquely. Agerage anabranch- area (red dotted line). o o

constructions do not consistently show a land area of sufficient size to accommodate

this magnitude of drainage area, but results from this study may provide further input B e | 292 5m. o o
to the discussion on timing and land-mass configuration in the present day arctic ' DlSCUSSlOn

channel width seen here is

ring the Early Cr . : -
du g the Early Cretaceous Cumulative Grain Size Curve : . : The F : Sand in Svalbard | braided ri )
o ~ Cumulative grain size curves were obtained by e Festningen Sandstone in Svalbard preserves a large braided river system ca
Locatlo N o performing point counts on thin sections. pable of mpving large amounts of §ediment. The catchment area for this systerp
80 " Point counts were conducted according to the was most likley ~100,000kmA2 which means 100’s of kilometers of transport dis-
70 z7i-Dickinson method wher | tance, however, the grains are mostly sub-angular which usually represents a
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g Svalbard Norwav s < Known by it's Dutch name, Spitsbur- . oo points were recorded per sample. Larger inclu- short trahsport distance. It is possible that some.of the river Wa§ glacially fed since
- | m;g_ff"i gen, meaning “jagged mountains”un- ﬁ z sions that were present in outcrop were inte- Svalbard is well North of 60 degrees latitude during the Barremian and local oro-
\‘1 N til 1925, Svalbard, Norway is an archi- S grated into the thin section point count data gem.c events. occuring at th!s jume could have increased elevation thereby pro

R\ / pelago located in the Artic Ocean. N by visual weight percentage to create the final moting glacial growth. If this is true, the catchment area for the fluvial systgm
E 1 North of mainland Europe, Svalbard . cumulative curve that is used for the fulcrum could have been much smaller and still produced the same amount of sediment.
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