Sulfidic Phases: EZ701-9922.8B

The dominant pyrite phases present in E/01-9922.8B
are polyframboids and framboids, with minor pyrite
replacing dolomite, minor large euhedral pyrite, and
minor sphalerite.

BSE-SEM images below: A) Large polyframboid with
sphalerite infill. Note the wide variability in framboid

Sulfidic Phases: EZ701-9922.8A

The dominant pyrite phases present in EZ/701-8822.8A
are large euhedral pyrites and sphalerites replacing or
filling in microfossils. There are minor framboids and
pyrite replacing dolomite; there are no polyframboids
present.
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BSE-SEM images below: A) Transect across a large zoned

microcrystal size, framboid diameter, and degree of

pyrite inside of a microfossil. Note that 5°?S values rise towards

Abst I'a Ct edge. Also note the partially replaced dolomite crystal in the
lower left. B) Pyrite and sphalerite replacing quartz. C) Zoned

Sulfur isotope ratios provide insight into both redox || pyrite surrounded by sphalerite, implying that sphalerite post-
conditions during deposition and biological dates pyrite. Note the framboid in the lower right. D) Sphalerite

processes in soft sediment. While it is accepted that || "€P/acing quartz, with pyrite framboid in upper left.
traditional bulk 0°*S analyses often homogenize B

micron-scale (and larger) variability in sediment, a
comprehensive understanding of what information
these micron-scale records might contain is still
being developed. Petrographic investigations into
the Devonian Lower Bakken black shale in North
Dakota reveal multiple generations of sulfide
growth, including isolated framboids, polyframboids,

e euhedral pyrite, pyrite pseudomorphing dolomite,
and sphalerite. Presented here is a preliminary
SIMS 0°*S dataset (03*S values -38 to -10%o0, spot

size <3 microns) that, when Iintegrated with
petrographic observations, shows multiple lines of
evidence of early active biological sulfate reduction.
There is also evidence of a sulfate source driven to
increasingly heavy 33%S values by partially closed-

system fractionation processes, as sulfate supply
was depleted in sediments with restricted exchange
to external reservoirs. Mass balance calculations on
framboid populations are used to estimate rates of
i sulfate depletion, and possible causes of a bimodal
| distribution between pyrite framboids(-38 to -32%o
VCDT) and large (>10 um) euhedral sulfides (-21 to
-10%o0) are discussed.

microcrystal ordering. B) Pyrite polyframboid with sphalerite
infill. C) Zoomed-in image of region in B. The thin-walled oval
shapes may have once been the cell walls of sulfate-reducing
microorganisms. D) Another polyframboid with sphalerite
infill. E) Zoomed-in image of region in D. Note that both
framboids and pyrite microcrystals are themselves
surrounded in an unusual thick layer of pyrite.
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At Left: BSE image of a /arge pyrite polyframboid from the
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focused on the sulfide petrography
and 0°?S values within a single

billet (E701-9922.8), in order to
emphasize the significant variability
present across small distances, but
recent SIMS work has confirmed
that 0°*S values are similarly

distributed amongst sulfidic phases
in other parts of the basin.
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E701-9922.8A || compilation of 534S data of all sulfide phases in E701-9922.8 reveals two clusters Older Pyrite (light 5™'S7) A) Modeled bulk pyrite 5*S

: : - : B Newer Pyrite (heavy 834S?) . :
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At Right: Map of the base-Mississippian
structure throughout the Williston Basin.

—— Base Mississipian Structure (ft)

Major oil fields and sampled cores are
denoted, sample core E/701 is marked
with a red star. Map is adapted

from Sarg (2011).

Major QOil Fields (Sarg, 2011)

Sa mpled CoreS Kuhn, P., Primio, R. D. & Horsfield, B. Bulk composition and phase behaviour of petroleum sourced by the Bakken Formation of the Williston Basin. Geol. Soc. Lond. Pet. Geol. Conf. Ser. 7, 1065-1077 (2010).
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C | E701-9922.8B sulfides formed deeper down. All sulfides formed via MSR, but different rates of | Rreferences
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