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Geologic Background and Purpose of Study

Blakey (2010)

• The Shublik has been identified as a major contributor to oil in 
Prudhoe Bay and associated accumulations (Peters and others, 2006 
and references therein; it is also being evaluated and tested as a 
potential self-sourced resource play (Houseknecht and others, 2012; 
Duncan and Bird, 2013; Scheirer and others, 2014).

• It is a mixed siliciclastic – carbonate – phosphatic unit with organic-
rich intervals and very striking flat clam shell pavements.

• It was deposited from latest Early – Late Triassic during warm 
greenhouse conditions (Holz and others, 2015) as a condensed 
section.

• Deposition was along a low-angle ramp that deepened to the west 
(Triassic coordinates).

• Three cores of Carnian – early Norian age were described, sampled 
and analyzed for this study.

• This study aims to better understand the depositional and diagenetic 
character of the Shublik in order to develop a clearer picture of early 
diagenetic processes, particularly cementation, in organic-rich 
carbonate mudstones.

• Results will lead to more robust models of porosity evolution and 
reservoir quality in these important resource plays.
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Methods
• A total of 107 samples from three cores (Ikpikpuk 1, Inigok 1 

and North Inigok 1) were collected at tightly spaced intervals 
(10 cm), as remaining core material allowed, and each was 
cut into two pieces.

• One piece was used for thin sections, prepared at 20-
micrometers thickness, double-polished and half-stained for 
calcite species.

• A sub-set of five polished thin sections from the Ikpikpuk 1 
core were selected for analysis using a scanning electron 
microscope (SEM), based on petrographic microfacies 
interpretations. 

• Energy-dispersive spectroscopy (EDS) was used to 
determine mineralogy at specific locations under the SEM.

• The second piece was crushed and analyzed for total 
organic carbon (TOC), mineralogy and trace elements. 

• Previous work on thermal maturity indicated that the 
Shublik Formation is in the late oil to gas window in all three 
wells (Johnsson and others,1999).
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A Brief Description of Triassic Flat Clams
Shell pavements and shell beds comprised 
mainly of flat clams (a type of informally 
named bivalves) are very common (note 
snowshoe morphology).  These clams likely 
lived and died locally.

McRoberts (2010) interpreted Triassic flat 
clams have been benthic, opportunistic 
bivalves that often lived in oxygen-deficient 
settings where organic carbon loading was 
high.  

Halobia sp. is the main genera of flat clams 
identified in the middle Shublik.



New Directions in Geosciences for Unconventional Resource
CSPG Gussow Conference | October 15-17, 2019 | Banff, Canada

Summary of Thin Section 
Petrography Results
• Carbonate microfacies 1: 

Halobiid bioclastic 
wackestone to packstone
(FCF).

• Carbonate microfacies 
1.1: Transported silty 
halobid bioclastic 
wackestone to packstone
(silty FCF).

• Carbonate microfacies 2: 
Halobid bioclastic sparry
wackstone to packstone
(BSF).

Ikpik 10292’

1 mm

Ikpik 10296.8’

2 mm

Ikpik 10292’

All 
photomicrographs 
taken in plane 
light;  thin sections 
were stained with 
Alizarin Red-S.

Ikpik 10292’

0.5 mm
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Thin Section Petrography Results:
“Flat Clam Facies (FCF)”

• Carbonate microfacies 1: halobiid
bioclastic wackestone to 
packstone (FCF).

• Bioclastic components are mainly 
halobiid flat clam shells and shell 
fragments oriented parallel to bedding 
and concentrated into pavements.

• Low detrital component (quartz and 
minor illite).

• The majority of halobiid shells have 
been recrystallized.

• Fragments of echinoderms, 
brachiopods, benthic foraminifera and 
radiolarians and phosphatic peloids
also visible.

• Phosphate nodules (PN) are visible 
oriented parallel to bedding.

• Common meiofaunal bioturbation swirls 
and whorls.

Ikpik 10292’

1 mm

PN

Ikpik 10296.8’

2 mm

Ikpik 10292’

PN

All 
photomicrographs 
taken in plane 
light;  thin sections 
were stained with 
Alizarin Red-S.

Ikpik 10292’

0.5 mm
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SEM Results: “Flat Clam Facies”

Inigok 12278.2’ BSE

Ikpikpuk 10292’ BSEIkpikpuk 10292’ BSE Ikpikpuk 10292’ BSE

“Flat clam facies”  photomicrographs illustrating typical flat clam fabrics, bioturbation textures and cements including 
apatite (A), kaolinite (K), quartz (Q) and minor pyrite (P). Minor detrital illite clay (I) laminae visible.

A
Py

QI I

K

A



New Directions in Geosciences for Unconventional Resource
CSPG Gussow Conference | October 15-17, 2019 | Banff, Canada

SEM Results:  Apatite Cement

A

K

Apatite (A) as cement surrounding shells and shell fragments (S), with authigenic quartz (Q), pyrite (Py) and 
authigenic kaolinite (K) booklets.  Bitumen (B) infills microporosity.  PP = phosphatized peloid.

A

A

PP Q
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PyS
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S
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Inigok 12278.2’ BSE Inigok 12278.2’ BSEInigok 12278.2’ BSE
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SEM Results: Phosphatized Peloids

A

Apatite (A) can occur as round to ellipsoidal peloids that also have pyrite (Py), quartz (Q) and shell fragments (S), 
as well as bitumen (B) infilling matrix porosity.   

Q

Inigok 12278.2’ BSE

Py

Inigok 12278.2’ BSEInigok 12278.2’ BSE

Py
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Thin Section Petrography Results:
Transported and Silty Transported
FCF Carbonate Microfacies

• Carbonate microfacies: 
Transported silty halobiid
bioclastic wackestone to 
packstone (silty FCF).

• 40% - 60 % quartz and 
aluminosilicates intermixed between 
the flat clam shells.

• Low-angle cross-bedding, subtle 
scour surfaces and shelly, peloidal 
lag deposits.

• PP = phosphatized peloid.

Ikpik 10,284.5’

PP

Ikpik 10,280’

2 mm

2 mm

Ikpik 10,297’

All 
photomicrographs 
taken in plane 
light; thin sections 
were stained with 
Alizarin Red-S. Ikpik 10,284.5’
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Thin Section Petrography Results:
Bioclastic Sparry Wackestone to Packstone (BSF)

• Carbonate microfacies 2: halobiid
bioclastic sparry wackestone to 
packstone (BSF).

• Halobiid and other shells and shell 
fragments partially cemented by equant 
mosaic spar.

• The shells and shell fragments are 
poorly sorted and often randomly 
oriented with a chaotic fabric.

• Quartz grains less common. 
• This microfacies often occurs 

interbedded with other microfacies on 
the thin section scale.

• Phosphate occurs as nodules, 
steinkerns (ST), phosphatized fossil 
fragments (PS) and sand to silt-sized 
phosphatized peloids (PP).

All 
photomicro-
graphs 
taken in 
plane 
light;  thin 
sections 
were 
stained with 
Alizarin 
Red-S.

Ikpik 10,292.6’

0.6 mm

2 mm

Ikpik 10,292.6’ Ikpik 10,277.5’

2 mm

PP
ST

Ikpik 10,287’

PS
PP

0.3 mm
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SEM Results:  Transported FCF/Bioclastic Sparry
Wackestone to Packstone (BSF)

Textures in the transported FCF are chaotic with much less preservation of bedding.  C = calcite; A = apatite;
D = dolomite; Q = quartz; B = bitumen; Py = pyrite.

Q

Py

C
B

DA

Ikpikpuk 10281’ BSE Ikpikpuk 10281’ BSE
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SEM Results:  Transported FCF/Bioclastic Sparry
Wackestone to Packstone (BSF)

A

Q

C

Apatite (A) occurs as round to ellipsoidal peloids that enclose quartz (Q) and pyrite (Py), as well as cement that 
encloses quartz grains.  C = calcite.  Yellow box in left image indicates location of image on right; red box in left image
Indicates location of middle image.
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Interpretation of Microfacies 

• Carbonate mudstone 
microfacies in cores from the 
middle Shublik Formation are 
largely composed of 
biogenic components and 
various cements.   

• The activities and metabolic 
processes of organisms 
likely played a crucial role in 
depositional and diagenetic 
processes within these 
organic-rich, phosphatic 
carbonate mudstone units. radiolarian

echinoderms

Tasmanites

gastropod

2 mm

0.5 mm

0.3 mm

Ikpik 10,287’

Ikpik 10,292’

Ikpik 10,279.5’ Ikpik 10,287.5’
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Interpretation of Microfacies 
• Carbonate microfacies 1 (FCF, 

transported and silty transported 
FCF) interpreted to represent 
sedimentation patterns in the middle 
Shublik Formation.

• FCF represents sedimentation with 
the least energetic disturbance, with 
minor disruption and abrasion of 
shells and shell fragments.

• Silty FCF and transported FCF have 
evidence for more substantial 
energetic events.

• BSF is interpreted to have 
experienced more significant early 
diagenesis with chaotic textures and 
precipitation of equant mosaic spar 
and syntaxial rim cement.

• Microfacies variability occurs on the 
millimeter scale.

Ikpik 10,276.5’

2 mm

BSF

transported FCFFCF

silty FCF

2 mm

Ikpik 10,291.3’

2 mm 2 mm

Ikpik 10,294’ Ikpik 10,292.6’
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Diagenetic Implications of Episodic Energetic Events
• Abundant opportunistic flat clams, micro-bioturbation, and low-diversity benthic fossil assemblages all 

suggest suboxic conditions at the sediment-water interface (SWI), and high preservation rates of organic 
matter suggests anoxic conditions close to the SWI.

• Episodic energetic events of varying intensity intermittently supplied oxygen as they mixed the upper 
sediment column, such that:

• Suboxic pore waters at and near the SWI were recycled back to the overlying water column
• Phosphorus and iron released during mineralization of organic matter were recycled and 

bioavailable in the overlying water column 
• Oxygen, calcium, magnesium and sulfate diffused into the pore waters to support biological 

processes in the upper sediment column
• Oxygen was introduced into suboxic and sulfidic sediments leading to rapidly changing interfaces 

• Textural, mineralogical and biotic/organic heterogeneity in the studied intervals is at the millimeter scale, 
suggesting that pore water chemistry must have changed rapidly due to both depositional processes 
and the resulting diagenetic processes.
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• These events had the potential to disrupt, winnow 
and concentrate grains in the upper sediment 
column.

• Larger events could have disturbed tens of 
centimeters of the sediment column, with transport 
and redeposition of particles including detrital 
grains, phosphatized peloids, nodules and shells.

• Note the overall increase in weight percent apatite 
in the transported FCF microfacies.

• Geochemical results as shown here do not 
distinguish between in-situ and transported apatite 
grains.

Implications of Episodic Energetic Events:
Linking Geochemical Results and Microfacies Analysis
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Origins of Apatite in the Middle Shublik Formation
• The Shublik represents the largest Triassic phosphorite deposit in the world 

(Cathcart, 1991) – what controlled the formation of this apatite?
• Apatite occurs in the middle Shublik Formation as

• phosphatized peloids
• phosphatic nodules
• steinkerns
• partial to complete replacement of shells and shell fragments
• matrix cement

• We propose that the apatite formed in iron-limited intervals due to low detrital 
input, as follows:

• Phosphorus is released during organic matter mineralization at the condensed 
section.

• Large amounts of organic matter (high productivity) used up available oxygen for 
degradation, leading to sulfate reduction

• Hydrogen sulfide (H2S) is a by-product of sulfate reduction of organic matter
• When sufficient iron is present during sulfate reduction of organic matter, all of the 

H2S reacts with the iron to form pyrite

• In iron-limited early diagenetic environments, H2S is oxidized at the sulfidic/oxic
boundary, which lowers the pH of the pore waters

• Precipitation of hydroxyapatite is favored over calcite in lower pH conditions
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Paragenetic Sequence in the Middle Shublik Formation

A

K

Q

Py

B

• Starting composition of sediment
• Flat clams
• Other shells and shell fragments
• Quartz, aluminosilicates
• Organic matter

• Initial authigenic phases:
• Calcite from early dissolution of 

shells and shell fragments and 
breakdown of organic matter

• Quartz (opal-A) from early 
dissolution of radiolarians and 
sponge spicules

• Where iron is readily available
• pyrite precipitation follows

• Where iron availability is restricted, pH 
is lowered, organic acids appear in 
pore waters to mobilize aluminium (Al). 

• Apatite and kaolinite precipitates
A

K

C

Ikpikpuk 10292’ BSE, ion milled Inigok 12278.2’ BSE

K = authigenic kaolinite; C = calcite; A = apatite; Q = quartz; Py = pyrite; B = bitumen 

C
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Conclusions
1. Background sedimentation processes in the middle Shublik Formation are represented by 

the “flat clam facies”.
2. The transported “flat clam facies” and the bioclastic sparry wackestone to packstone (BSF) 

facies are interpreted to represent intervals that experienced episodic energetic events, 
with the BSF facies experiencing more significant early diagenesis than the other facies.

3. Sedimentary processes such as episodic energetic events can have major implications for 
diagenetic processes by replenishing the pore waters with oxygen, calcium and 
magnesium.

4. These events introduced oxygen into suboxic and sulfidic environments, creating rapidly 
changing interfaces and very complicated microenvironments within the upper sediment 
column.

5. These microenvironments would have rarely been in geochemical equilibrium
6. These episodic energetic events also disrupted, winnowed and concentrated biogenic and 

phosphatic grains and particles.
7. We propose that apatite in the middle Shublik precipitated in iron-limited intervals, 

associated with high primary organic production and low detrital input during condensed 
sections.
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