
The Facies of the Ivishak Formation from conventional core descriptions, electric logs, and 
petrographic thin sections as determined by U. S. Minerals Management Service from the 
following exploratory~well cored intervals: 

Amoco Production No Name Island No.1 (13,896' - 13,866'), 
Amerada Hess Corp Northstar No.1 (11,217'-10,999'), 
Sohio Alaska Petroleum Reindeer Island Strat Test No.1 (12,350' - 12,085'), 
Shell Western E & P Inc. Seal Island BF-47 No.1 {Seal Island A-I} (13,080'-12,674'), 
Shell Western E & P Inc. Seal Island BF-57-1 {Seal Island A-3} (14,741 '-14,475'), 
Shell Western E & P Inc. OCS Y-0181-1 {Seal Island A-2} (12,872'-12,301), 
Exxon Company USA OCS Y-0280-1 {Antares No. I} (8,388'-8,110'), 
Exxon Company USA OCS Y-0280-2 {Antares No.2} (11,450'-11,050'), 
Sohio Alaska Pet. Co. OCS Y-0334-1 {Mukluk No. I} (8,145'-7,401 '), 
Tenneco OCS Y -0338-1 {Phoenix No.1} (8,543'-8,040'), 
Shell Oil Company OCS Y-370-1 {Sandpiper No. I} (12,118-11,804'), and 
Amoco OCS Y-370-2 {Sandpiper No.2} (14,484'-14,381 '). 
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THE FACIES OF THE IVISHAK FORMATION 
FROM CONYENTIAL CORE DESCRIPTIONS. 

ELECTRIC LOGS AND THIN SECTION PETROGRAPHY 

Facies and DepOSitional Environments 

Continuous cores throughout portions of the Ivishak Formation from 
seven federal and five State of Alaska exploratory wells in the 
Beaufort Sea between 153 and 148 degrees west longitude form the 
basis for this study. These wells and their cored intervals are 
listed be~low in table 1. These wells are located on a regional map 
0 f th B f t S . f ' 1 e !:au or ea ~n ~gure . 

WELL NAME CORED FORMATIONS IVISHAK 
AND INTERVAL ENCOUNTERED STRATI GRAPH 
OCS # (MD) Ie 

ZONES 

REINDEER 12,350 M KAVIK,IVISH 1,2,3 
ISLAND 12,085 AI< 

NO NAME 13,896- IVISHAK 1 
ISLAND 13,866 

NORTHSTAR, 11,217- IVISHAK, 3 
BF46#1 10,999 SHUBLIK 

SEAL ISLAND 13,080 M IVISHAK 1,2,3 
BF M47#1 12674 

SEAL I Sr.AND 14,741- IVISHAK 3 
BF-S7 #1 14,475 

SEAL IS l:.AN.D 
OCS#-0180 

SEAL ISLAND 12,872- IVISHAK, 1,2,3 
OCS#-0181 12,468 SHUBLIK 

12,468-
12,301 

MUKLUK, 8145-7401 LISBURNE, 1,2,4 
OCS#M ECHOOKA 
0334 KAVIK 

IVISHAK 

PHOENIX 8543-8040 IVISHAK 1,2,4 
OCS# 0338 SHUBLIK 

ANTARES 8388-8110 IVISHAK 1,2,4 
OCS# 
0280 #1 
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ANTARES 11,450- IVISHAK 1,2,4 
OCS# 11,050 
0280 #2 

SANDPIPER 12,118- IVISHAK 1,2,3 
OCS# 11,804 
370 #1 

SANDPIPER 14,484- IVISHAK 1,2,3 
OCS# 14,381 
0371 #2 . . Table 1· A l~st1ng of State of Alaska and Federal OCS exploration 

wells in this study, and the zones penetrated from conventional 
coring 

Ten lithofacies for modern and ancient braided stream environments 
were established by Miall in 1977. These lithofacies were modified 
by Atkinson, Trumbly and Kremer, 1988 to incorporate the 
lithofacies found in the Prudhoe Bay Field. of the North Slope of 
Alaska CI'able 1). These individual facies were then grouped into a 
vertical sequence of facies associations (I-XII) which defined 
specific depositional subenvironments (table 2) . These 
subenvironments were packaged into distinct broad depositional 
systems of zones 1-4. These depositional systems include from the 
base of the Ivishak to the top: constructive deltaic-marine sands 
and shales of zone 1; Braidplain-advance, lower to middle 
aggradin~r, stacked and fining upwards channel sandstones of zone 
2P; upper braidplain, alluvial fan dominated conglomerates and 
conglomeritic sandstones of zone 3: fluvial retreat middle to 
predominately lower braidplain fining upwards channel sequences of 
zone 2R, and shallow marine and shoreline transgressive sandstones 
of zone 4 (figure. ). 

The depositional history of the Ivishak Formation was controlled by 
localized tectonic events which had a controlling affect on the 
deposition . of the various depositional zones and facies 
associati.ons. This, in turn, had a direct affect on the reservoir 
quality Clf the originally laid-down sandstones. 

Thus, general subsidence which took place during the progradation 
of the very fine to medium grained sandstones of zone 1, was 
abruptly accelerated, and followed by a major drop in base level, 
which led directly widespread deposition of medium to coarse 
grained aggrading fluvial sandstones. These sandstones of Zone 2p 
display the best reservoir characteristics, having the highest 
porosities and permeabilities, and very high lateral and vertical 
connectivity. The highest reservoir connectivity probably occurs 
within the alluvial fan conglomerates at the top of zone 3. These 
deposits mark the cessation of tectonic uplift. The culmination of 
tectonic uplift brought about a relative rise in sea level, and 
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widespread deposition of floodplain deposits. 

ZONE 1 

Zone 1 is a regressive sequence of delta front, interbedded 
sandstones, sil tstones and mudstones found at the base of the 
Ivishak Formation. Zone 1 as described by Atkinson and others 
(1988), consists of a coarsening and· cleaning upwards succession of 
interbedded sandstones and shales ranging in thickness between 80 
and 150 :Eeet. The base of Zone 1 is conformably transitional with 
the underlying interbedded prodelta and marine sandstones and 
shales of the Kavik Formation, except where it is truncated by an 
unconformity with the pre-Mississippian argillite basement. The top 
of Zone J. consists of non-marine, lacustrine delta-fill deposits of 
red siltsltones and mudstones. Internally, zone 1 consists of three 
facies, X, IX, and VIII, associated with lower and subaqueous 
delta-plain environments. The lower delta-plain. environment resides 
within the portion of river-marine interaction extending from the 
shorelinE: to the landward extent of tidal influence. 

Subenvironments within the delta front include interbedded 
sandstones, siltstones and shales of the distal bar (facies X), 
distributary mouth bar (facies IX), channel (facies VIII) I 

subaqueous levee, marsh, and interdistributary bay deposits (facies 
VII) . 

The entire section of zone 1 strata was cored only in the Mukluk 
exploratory well. Other wells in the study area core only portions 
of zone 1 strata. The facies of Zone 1 were determined from the 
combination of electric log character, bedding characteristics and 
lithologies from conventional cores, and petrographic examination 
of thin sections. Core chips from each facies of Zone 1 were thin 
sectioned to determine the framework mineralogy, cement types, 
degree of sorting, and diagenesis. 

The thickness of zone 1 ranges between 80 and 160 feet. The 
thickest section of zone 1 strata occurs within the Mukluk 
exploratc)ry well, where it is transitional into the Kavik Shale. 
The convEmtional cores from zone 1 consists of massive to thin 
bedded sandstones. Internally, the bedding changes from 
interlaminated mudstone, siltstones and sandstones that display 
cross-ripple laminations at the base of zone 1 to massive (Sm) , 
parallel laminated (Sl), and crossbedded sandstones (Sx) at the top 
of zone 1. Ripple laminations are more common in the fluvial-marine 
transitional interval between the Kavik Shale and the Ivishak 
Formation. The more massive and crossbedded sands are more common 
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in the upper fluvial dominated interval of zone 1. 

Petrographcally, zone 1 coarsens upward from a very well sorted, 
silty, ~ekY fine-grained, quartz-rich, sandstone of facies X, to a 
moderately well sorted fine to medium-grained, clean, quartz, chert 
sandstone of facies VIII. 

The Antares OCS-Y-0280 #1 exploratory well was drilled about 40 
miles west,northwest of the Mukluk exploratory well. Here the base 
of the Ivishak Formation rests unconformably upon the Pre
Mississippian argillite basement, and may be conformable with the 
overlying early Triassic Shublik Formation. Continuous conventional 
cores were examined from the argillite basement to the Shublik 
Formation with the exception of a small interval at the top of zone 
1, facief3 association VIII, which was sampled from sidewall cores. 

Examination of whole core, thin sections from sidewall cores, and 
electric logs showed that zone 1 consists of facies IX and VIII. 
The lower-most facies X appears to be missing from zone 1, as 
evident i:rom the unconformity that resides as' a rubble zone at the 
base of zone 1. The whole core shows that facies IX lies 
unconformably upon the argillite basement and consists of 
interlaminated (Sl) dark and light grey sandstones (figure. ). Thin 
sections from the core show a very fine to fine grained well sorted 
sandstonl= (figure). The top of facies IX is massive (Sm) , and is 
light grey in color, except for thin interbeds of the underlying 
facies (Sl). The upper most facies of zone 1, facies VIII was 
sidewall cored. Thin sections from this interval 'show a poor to 
moderately sorted fine to medium grained sandstone. 

Framework Mineralogy 
The framework mineralogy of zone 1 is predominately made up of 
monocrystalline quartz which ranges between (30-50%) , 
polycl:yst.al1ine quartz in percentages of less than 5%, chert which 
ranges bE~tween 5 and 20% and sedimentary rock fragments between 2 
and 18% (fig. ). There is a gradual increase in the percentage of 
chert, po1ycrysta1line quartz and sedimentary rock fragments from 
the base to the top of zone 1. (fig.334fmz1.linj phxmin). The 
ratio of the percentage of quartz/chert decreases from a high of 
10/1 at the bottom of zone 1 to a low of 3/1 at the top of the 
zone. The mean grain size for quartz changes from very fine to fine 
at the ba.se of zone 1 to fine to medium and sometimes to coarse at 
the top of zone 1. 

Cements and Matrix 
In the 1l1ukluk explorartory well, the interstices between the 
framework grains are partially filled with undifferentiated clay, 
clay rip-up clasts, authigenic kaolinite, quartz overgrowths, and 
primary ankerite and secondary siderite cements. The change in the 
percentasres of these interstice-filling materials are found in 
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figure . Undifferentied clay consists of a combination of clay, 
crushed chert, quartz and sometimes recrystallized cement. There is 
a significant decrease in the percentage of undifferentiated clay 
and siderite cement from the marine section of the Kavik Formation 
to the top of zone 1 of the Ivishak Formation. In zone 1 of the 
Antares well, ankerite is clearly the primary cement and siderite 
the secondary cement, partially replacing ankerite. 

In the Antares #1 well, the dark grey, very fine grained sandstones 
of facies IX contains an abundance of matrix material that fills 
the interstices between the grains. The matrix material consists of 
crushed and degraded chert, quartz and clay. Ankerite and siderite 
cements are found within the groundmass. Ankerite is white and 
turbid and is the primary cement. Siderite is dark brown and is 
found replacing ankerite. The coarser laminations of fine grained 
sandstones contain reddish brown clay clasts that contain silt and 
very fim:! grained quartz and chert. 

These data is reflected in the higher porosities and permeabilites 
found at the top of zone 1. Average core porosities range from a 
low of 11% to a high of 23%. Permeabi1ities measured from core in 
the Mukluk well range from a low of O.18md in facies X to over 
373md in facies VIII. 

Facies X 

Core Description 

In the lower-most facies association X in the Mukluk well, a 40 
foot thickening-upward sequence of interbedded sandstones and 
shales is transitional with the underlying Kavik Formation. The 
cored interval consists of medium to dark grey-brown, silty, very 
fine grained quartz-rich sandstones. The dominant facies are Sm, 
81, MS1, and M1 (table 3). Less important facies include MSr, MSd, 
and Sx. Current ripple cross-laminations are common in the 
transitional zone between the top of the marine Kavik Shale and the 
bot tom of facies association X. These facies are much less 
important towards the top of facies association X where the 
depositional facies of Sm and Sl predominates. Carbonized plant 
debris are concentrated along thin laminae in facies Sl and MSl. 
The fine grained siltstones and mudstones (M1 and MS1) are located 
at the base of the thickening-upwards sequence. 

In the Phoenix exploratory well, facies X was not cored although 
electric log characteric in that interval suggests this sandstone 
unit is present. Thirty miles to the west, in the Antares well, 
facies X is missing as facies IX lies unconformably upon the 
argillite basement. 

A thin section cut from sandstone in the Mukluk exploratory well at 
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7953' is very well sorted, very fine grained and consists of 53% 
quartz, 23% clay, 3% shale fragments, 2% chert, and 10% 
siderite\ankerite· cement. The sphericity of the quartz grains 
ranges between subangular to sub rounded prior to the initiation of 
quartz overgrowths. 

Diagenesis 

Quartz grains display evidence of of pressure solution and 
subsequent corrosive dissolution. Pressure solution is evident from 
observing euhedral surfaces along grain boundaries and interlocking 
grains. ~rhequartz grain boundaries have been partially replaced by 
ankerite cement and later dissolved by corrosive fluids. This 
process has been partially inhibited by the abundance of fine
grained material which had blocked the pathways of fluid migration. 
The chert grains are difficult to examine because they have been 
partially dissolved and replaced by clay and secondary ankerite 
cement. 'The abundant ductile shale fragments and undifferentiated 
clay are wrapped around detrital grains where they fill pore space 
and block pore throats. 

The reservoir potential of facies X is poor, with average core 
derived porosities of 10% and permeabilities O.32md in the Mukluk 
well. These low values are the result of the fine grained size, 
abundant interstial clay, quartz overgrowths and the addition of 
ankerite cement which has further reduced the porosity and 
permeability in facies association X. 

Facies association X was deposited as Delta Front silts and sands. 
The depositional facies found within facies association X is 
represented by a set of thickening-upward shale to sandstone 
sequences that are more shaly at the base where they were dominated 
by the influence of the marine environment of the Kavik Shale as 
evident in depositional facies Ml and MEr. In comparsion, the top 
of facies X had a more predominate fluvial influence. These facies 
are represented by 8m and 81. 

Facies IX 

Facies IX consists of massive to parallel laminated sandstones of 
depositional facies Sm and 81 (Tables 2 and 3). Some of these 
sequences contain coarse grained mudstone lag deposits at their 
base. ThE: sandstones consist of thin, thickening upward sequences 
of very fine to fine grained quartz-rich sediments. Facies 
associat:Lon IX is distinquished from facies association X by the 
absence of shale\siltstone beds of Ml, MSl, and the abundance of 
carbonaceous debris. 

Within the Antares exploration well, dark grey, well sorted, very 
fine grained matrix-rich sandstones are interlaminated with light 
grey, well sorted fine grained matrix poor sandstones (Sl) at the 

6 

GMC Data Report 303 Page 60f36 



base of the sequence whereas massive well sorted sandstones with 
scattered coarse clasts of triplitic chert are found at the top of 
the facil=s (8m). 

A thin Election cut from core chips at 7887' in the Mukluk well 
consists of very fine to fine grained, well sorted, quartz-rich 
sandstone. The framework mineralogy consists of 51% quartz and 14% 
chert. The remainder of the sample consist of 29% light to dark 
brownish material, 3% carbonized plant material, 3% clay, and 2% 
ankerite cement. Quartz is predominately monocrystalline. The 
carbonacl:)us debris is carbonized plant material and is typically 
found in very thin continuous to discontinuous laminae 
interlam:Lnated with the sandstone of facies 81 (fig. ). 

The sampJLe at 7887' has a core porosity of 11.6% and permeability 
of.31 mil1idarcies. This sample has a petrographic porosity of less 
than 10%. Porosities and permeabilities are very low because of the 
abundance. of ductile matrix material (brownish material and clay), 
secondary cements and recrystallization and interpenetration of 
quartz grains. Quartz shows extensive evidence of dissolution and 
recrystallization as evident by the presence of quartz overgrowths, 
sutured contacts, and euhedral faces. Most chert has been 
partially dissolved and replaced by clay and secondary ankerite 
cement. Facies IX sediments is interpreted as being deposited as 
distal fam-delta sands of the lower delta plain environment. 

Facies VJ:.I.I 

Facies VIII consists of predominately massive sandstone (Sm) to 
parallel laminated sandstone beds (81), with lesser amounts of 
cross-bedding, and very minor amounts of ripple and convolute beds. 
The sand!3tone beds are typically massive, although fining upward 
sequences of crossbedded sandstones are typically found towards the 
top of zone 1.· The crossbedded sandstones typically have basal 
erosional surfaces defined by disrupted carbonaceous material from 
the underlying beds. 

These beds are made up of moderately well sorted, fine to medium 
grained f3andstones with occasional thin laminae of carbonaceous 
material. In the Mukluk well, the sandstones are made, up of 
predomina.tely quartz with significant amounts of chert and 
sedimenta.ry rock fragments. Over 10% of the chert is tripolitic. 
An example of a facies VIII sandstone from the Mukluk well is shown 
in figure: 

The thin section cut at 7846 of the Mukluk well is a very well 
sorted, fine to medium grained quartz-rich sandstone. The framework 
mineralogy consists of 53% quartz, 4% chert, 29% carbonaceous 
material, 2.8% sedimentary fragments, 2.3% quartz overgrowths, 9.1% 
ankerite cement, and 18.2% porosity. Core permeability is 60md. 
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In the Phoenix well, facies VIII consists of interbedded very fine 
to medit~ grained sandstone, and thin laminae of carbonized plant 
material and siltstones. The coarse-grained beds show erosional 
bases with lag deposits and crossbedded sandstones. The lag 
deposits consist of shale rip-up clasts and carbonized plant 
debris. The finer-grained beds are red in color and appear to have 
been oxidized. These sandstones and siltstones are overlain by 
reddish siltstones and mudstones of facies VII. 

The thin section cut from core at 8543 feet of the Phoeriix well 
consists of a well sorted, very fine to fine grained, silty 
sandstone interlaminated with dolomitic siltstone and carbonaceous 
plant material. This sample consists of over 45% monocrystalline 
quartz and less than 10% chert clasts. The sandstone shows good 
porosity and permeability, except for the those very thin zones 
adjacent to the dolomitic siltstone. In those areas the pores have 
been filled by dolomite or ankerite cement. Intergranular porosity 
is about 15%, whereas microporosity may add an additional 10% to 
the rock. 

In the Sandpiper #1 well, OCS-Y-0370, facies association VIII 
consists of fine to medium grained, massive to crossbedded 
sandstones organized in fining upwards sequences, with basal lag 
deposits of carbonaceous material. A sample cut from a conventional 
at 12,O'i7 feet consists of 46% monocrystalline quartz, 4.4% 
polycrystalline quartz, 16% chert, of which 14% are triplotic, and 
1.6% rock fragments. Porosity and permeability reducing elements 
include carbonaceous material 4.0%, clay, 6.5%, siderite\ankerite 
cement 2.4% and quartz overgrowths which consist of 10% of the 
sample. This sample has a core porosity of 16.5% and a core 
permeability of 65 millidarcies. The good permeabilities are caused 
by the coarser grain sizes and abundance of secondary porosity 
formed by the dissolution of chert. 

Diagenes'ls and Reservoir Potential 

There is a significant iricrease in porosity and permeability in the 
strata of: facies VIII as compared to either facies IX orX in the 
Mukluk well. The increased porosities and permeabilities in facies 
VIII are due to the extensive development of secondary porosity 
from the dissolution of carbonate cements and the dissolution of 
chert grains. Secondary porosity from aggressive, corrosive fluids 
was more pervasive because of the increased intial permeabilities 
established by coarser grain sizes, and lesser amounts of matrix 
material and cements in the pore spaces. 

Petrographic examination of numerous thin sections from facies X 
through VIII has recognized numerous examples of secondary porosity 
which have significantly enhanced the porosity and permeability of 
facies VIII. The petrographic evidence includes: corroded grains, 
partial dissolution of chert grains, oversized pore spaces, 
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floating grains, and inhomogeneity of packing. A thin section cut 
from a depth of 7845 feet in the Mukluk well shows oversized pore 
spaces a.nd inhomogeneity of packing formed by the dissolution of 
chert grains (light green) (fig. ). 

Authigenic carbonates are generally corrosive with respect to 
stable silicate sandstones, and will therefore, on dissolution, 
leave behind a record of their former presence (Burley and 
Kantorowicz, 1986). The surfaces of quartz grains display pitted, 
etched, embayments and depressions, while chert grains display 
phases of partial to complete dissolution. The pervasive 
dissolution of the silicate framework (quartz and chert) was caused 
by corrosion during ankerite or dolomite ce~ent precipitation and 
later dissolution by chemically, highly aggressive fluids. pits are 
the smallest corrosive feature observed, being between 1 and 2 
microns in diameter, and having involved only a linlited removal of 
quartz. grnbayments are larger coelesced pits, penetrating through 
overgrowths into the detrital grain and reaching diameters of 20 
microns. Depressions are enlarged embayrnents, and have completely 
removed the overgrowth surfaces. 

A prior authigenic event produced the euhedral surfaces found on 
most of the quartz grains. These surfaces have been penetrated and 
corroded by ankerite and dolomite cements forming the pitting and 
etching SiO pervasive on all the quartz surfaces. Embayrnents in the 
quartz grains have formed where the cements have been carried away 
in solution by aggressive fluids. 

Chert grains display different stages of dissolution. The 
predominate type of chert grain is tripolitic, that is with the 
petrograhic microscope, the blue-epoxy impregnating dye can easily 
be seen through the grain. Some of the chert grains show a 
honeycombed texture ( in t ragranul ar mi croporos it y) whereas other 
chert grains display moldic porosity (intragranular macroporosity) . 
Moldic porosity is evident because of the clay rims (brownish 
material) that has kept the original shape of the grain intact. The 
final stage was the creation of intergranular, interconnected pore 
spaces which occurred with the complete dissolution of the chert 
grain and the opening of pore throats between grains (fig. 
schematic diagram). This stage was most prevalent in facies 
association VIII because of the coarser grain sizes and the 
tendency for facies association VIII to contain tthe least amount 
of cement and matrix reducing elements. 

J?low Chart Illustrating the Schematic Diagenetic 
Pathways in Zone I, Facies VIII, of the Ivishak Formation. 

Beaufort Sea, Alaska p 
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Facies VII 

Zone 1 is separated from the overlying Zone 2 by the 
floodplain/lake deposits of facies VII. This facies is laterally 
extensive offshore and within the Prudhoe Bay Field to the south 
(fig. ). In the Prudhoe Bay field, facies VII forms an intra
reservoir seal over a very large area. Continuous conventional 
coring in. the Mukluk and Phoenix wells show these lithologies to 
consist of predominately mudstones and argillaceous siltstones, 
wi th thin, interbedded very fine (vfU) to medium (mL) grained 
sandstones. The mudstones are massive, as bedding has been 
completely obliterated by intense burrowing. The mudstones display 
a mottled red texture, from the pedogenic formation of soils. The 
siltstones are interlaminated with very fine grained sandstones. 
Some siltstone\sandstone units display disrupted bedding from 
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burrowing organism, while other units include worm burrows, 
carbonate concretions, climbing ripples and gas-escape features. 
The thin sandstone units which may be as coarse as medium grained, 
are genE3rally less than one foot in thickness and may display 
crossbedding. 

Three thin-sections from the Mukluk well were examined for 
minerological constituents and diagenesis under the petrographic 
microscope. These thin-sections cut at the top of facies VII at 
depths of 7817' to 7810. The mineralogical framework of these 
sandstones ranged in composition from 34% - 39% monocrystalline 
quartz, 4-5% poloycrystalline quartz, 13-18% sedimentary rock 
fragment:3, and 10-12% chert. Porosity reducing elements are highly 
variable within intervals of less than two feet. These elements 
range from 6-25% siderite and 11-13% clay. These sandstones range 
from being moderately to very well-sorted. 

This intE~rval consists of distinct zones of both tightly compacted 
and porous, sandstones. The differentiation into compacted, 
cemented and porous zones may occur within a two foot interval, and 
apparently developed independently of depositional facies, grain 
size and texture. Porosity values range from a low of 1% in a very 
fine gra.ined argillaceous sandstone to over 12% in a fine to 
medium-grained thinly bedded sandstone units. The majority of the 
porosity is intergranular in nature. In the Phoenix well, facies 
VIr has an average porosity of 7.8% and a average permeability of 
1. 28md. 

These sandstones have gone through four phases of diagenesis. These 
diagenetic phases include: pressure solution and the 
recrystallization of quartz which resulted in the formation of 
quartz overgrowths; the precipitation of siderite and dolomite 
cements with the selective replacement of framework grains (chert, 
sedimentary rock fragments, and quartz); dissolution of cements 
wi th resulting etching and notching of grain boundaries, and 
developm€mt of secondary porosity, with subsequent partial 
infilling of kaolinite. The kaolinite was formed by the degradation 
of ductile shale fragments, chert and sedimentary rock fragments. 

In a thin section of a core chip cut at 8500 feet of the Phoenix 
well, facies VIr strata consists of interlamininated mudstone and 
siltstonE!. The thin laminations within the siltstone have been 
disturbed by extensive burrowing, while patches of siderite
ankerite cement are scattered throughout. These.samples can be up 
to 6' in thickness, and may act as local vertical seals to 
hydrocarbon and fluid migration. Another example of lithologies 
within this interval, is a very fine to fine grained argillaceous 
sandstonE~, at 7816 'of the Mukluk well. This sample has very low 
porosities and permeabilities because of the abundance of siderite 
cement and fine grained ductile fragments which have impeded the 
transport of corrosive fluids. In this sample, siderite cement, 
post-date the main phase of quartz authigenesis, occludes porosity 
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and permeability, and replaces detrital grains and quartz 
overgrowths. The framework minerals display a high degree of 
pitting, etching and notching from siderite replacement. A similar 
examp~e of this is also found within a very well sorted, silty, 
very fine grained sandstone at a depth of 8536' of the Phoenix 
well. In contrast, a fine to medium grained sandstone at 7812' of 
the Mukluk well has a porosity of 18.5% porosity and a permeability 
of 54md. Within facies VII, thes~ sands are very thin being less 
than two feet in thickness. The sample at 7812' exhibits isolated 
patches of siderite cement, and many of the quartz grains still 
retain their euhedral faces with little evidence of siderite 
replacement and pitting. 

The very high percentage of fine-grained sediments and the 
high degree of bioturbation suggests that these sediments were 
deposited within a very low energy environment. Facies VII would 
have been deposited in the floodplain adjacent to an active stream. 
The mudstones and siltstones display a color mottling attributed to 
soil formation. These ancient soils display patches that are 
reddish-brown in color and are found throughout facies VII. The 
color mottling is due to repeated emergence on the floodplain. The 
paleosolEl show their maturity by the presence of intense red colors 
found throught facies VII. The laterally extensive nature of these 
floodplain deposits may be accounted for by the liklihood that the 
streams could have become more fixed in their position so longer 
periods of time were available for deposition on the floodplain or 
that a brief period of subsidence occurred prior to the next pulse 
of uplift in overlying Zone 2. The' presence of interbedded 
sandstones within the siltstones and mudstones suggest periodic 
influxes of coarser grained sediments from overbank flooding on 
adjacent rivers. 

Zone 2 

Zone 2 strata is the main reservoir facies for the Prudhoe bay Oil 
Field to the south. The subaerially braided and meandering stream, 
fluvial deposits of zone 2 are dominant in the northwestern portion 
of the study area between the Antares and Phoenix wells, but grade 
eastward into coarser grained, upper braidplain sandstones, and 
conglomeritic sandstones found in the Sandpiper, Northstar, Seal 
Island, and Reindeer Island wells to the east (fig. ). 

This eastward change in grain size and depaoitional environment 
illustrated in the change in gamma-ray log character. 
The gamma-ray log character is more serrated in the western-most 
Antares well,becoming blocky towards the northeast, in the 
direction of the Sandpiper well. The top of zone 2P is defined by 
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the overlying blocky gamma-ray and good separation between the 
sonic and density curves characterized by the strata in .zone 3. 

The Phoenix, Mukluk and Antares wells display the greatest 
thickness in zone 2 strata. These rock units belong to facies III, 
IV and V of the subaerial, fluvial dominated coastal plain. Zone 2 
consists of an upward coarsening progradational cycle, and an 
overlying upward fining transgressional cycle. The progradational 
cycle is capped by the conglomerdtic beds of zone 3. The 
transgre:ssional cycle begins just above zone 3 strata. The 
progradational cycle thins to the west from the Reindeer Island 
well to the Antares well. 

The Antares well is the western~most well in the study area. Zone 
2 was most affected by the marine transgressive event that put a 
close to fluvial cycle of deposition within the Ivishak Formation. 
The fluvial dominated strata of zone 2 consists of a very thin 
coarsening upwards sequence, (progradational cycle) followed by a 
much thicker fining upwards sequence (transgressive cycle) (fig . 
strat column). 

The basEl of zone 2 in the Antares well consists of a thin 
coarsening-upwards sequence of poorly sorted, silty sandstones that 
grades upwards to a coarse grained sandstone, and then into a 
massive conglomerate (core photo #6). These proximal sandstones and 
conglomerate beds were deposited in a braided stream environment. 
The mostly massive beds contain poorly sorted Chert-quartz rich 
sandstonE!s whose maximum grain size may be over 3. OOmm. The upward 
increase in grain size, massive beds and poorly sorted nature of 
the strat:a indicates deposition in a very high energy flow regime. 

Zone 2 of the Phoenix well is subdivided into distinct facies that 
are differentiated by their internal stratification, grain size, 
sorting, mineralogical makeup, and electric log character. In the 
Phoenix well, these facies consist of stacked fining upwards 
sequences of predominately sandstones of facies IV which display 
numerous cut and fill structures, and conglomeritic beds of facies 
III which are massive in appearance. These braided stream deposits 
are separated by thin abandoned channel and floodplain deposits of 
facies VI. . 

The log character of zone 2 is much different than in zone 1. 
In Zone 1 the gamma-ray curve has a serrated to smooth funnel 
shape, whereas the gamma-ray curve in zone 2 has a characteristic 
shape like a serrated cylinder (fig. log reg. ). The gamma- ray 
curve takes on a more cylinder-like, and is less serrated profile 
in the exploration wells to the northeast, because those wells are 
more proximal to the source terrane and therefore consist of 
coarser grained clastic sediments. Likewise, there is a greater 
separation petween the sonic and density curves in zone 2 than in 
zone 1 of the Phoenix well. 
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Point count data extracted from petrographic thin sections in 
the Mukluk exploratory well reveal some major mineralogical 
distinctions between zones 1 and 2 of the Ivishak Formation. The 
framework mineralogy for zone 1 is predominately made up 
monocrystalline quartz (30-55%) I and lesser amounts of sedimentary 
rock fragments and chert (fig.334fmzl.lin) . In comparison, 
sedimentary rock fragments and specifically chert are the 
predominate framework constituents along with quartz in zone 2. 
There is an overall decrease in the precentage of undifferentiated 
clay and siderite cement within zone 2 as compared to zone 1 in the 
Mukluk exploratory well. 

The mean and maximum grain sizes for chert and quartz were measured 
using a micrometer stage on the petrographic microscope. Twenty 
five grain size counts were measured for both quartz and chert 

Six thin sections, cut from conventional cores were examined 
to determine the minerology and diagenesis attributed to the 
braided fstream deposits of facies III and IV. Pieces of core were 
thin sectioned from separate intervals of a series of fining upward 
sequenCe!3 to try to determine the change in grain size, sorting, 
and percentage of matrix material. These samples are typically 
moderately to very well sorted, range in grain size between fine 
and coarse grain; display a predominate unimodal grain 
distribution, although they can be bimodal at the base of channel 
and in the conglomerates of facies II and III, and may contain 
clasts that reach a maximum grain size of over 5.00 mm. (pebble
cobble) . 

Facies IV. 

Facies IV is the predominate sedimentary facies described 
within zone 2 of the Phoenix well. The internal stratification of 
facies IV consists mostly of thin fining upward sequences that are 
1 to 3 foot in thickness (fig. lPHXST). These fining upward 
sequences typically but not always, consist of erosional bases that 
contain :Lag deposits of extraformational granule to pebble-size 
clasts of chert and mudstone intraclasts. These basal units are 
massive to horizontally stratified. The basal units are overlain by 
planar-x- stratified and trough x- stratified bedding, that are 
overlain by parallel stratified beds of fine sand silt, and capped 
by a very thin bed of grey shale (fig.1PHXST). 

In facies IV, the largest clasts are typically found as basal 
lag deposits, but may also be found scattered throughout parts of 
the coarser grained fraction of the bar sequence. These 
predominately pebble-size clasts are made up of chert and mudstone 
intraclasts. The coarsest fraction of chert within facies IV falls 
between 1. and 2 millimeters, whereas facies III contains chert 
clasts over 5mm (fig. 3 PHXGS). Chert and quartz make up over 50% 
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of the samples in zone 2. Facies III has a larger ratio of chert to 
monocrystalline quartz and a greater percentage of polycrystalline 
quartz than facies IV (fig. 2PHXMIN). 

Many of the these upward fining sequences are stacked with very 
little e,vidence of any fine grained overbank deposits. The reason 
for these stacked channel deposits may have been due to the fact 
that the alluvial valleys were young, steep and highly constrained. 
This may have caused the younger fluvial channels to erode its 
predecessor, removing any fine grained deposits left over from the 
older channels (fig. narrow disconnected alluvial valleys). In 
contrast, the fluvial retreat facies of zone 2R consists of 
abundant fine grained overbank deposits, and more abundant fines 
mixed in with the coarse fraction. These deposits more closely 
resemble meandering streams, deposited toward the end of Ivishak 
non-marine deposition, on a low-lying alluvial plain. 

A thin section sampled from 8,484 feet of the Phoenix well, 
near the base of a channel sequence consists of moderately sorted 
subangular to subrounded chert and subangular mudstone clasts that 
are granule in size. These granule-size clasts are found swimming 
in fine to coarse grained subangular to sub rounded chert, quartz 
and mudstone clasts. This grain- size distribution is slightly 
bimodal. There is over 45% chert and 22% quartz. Chert occurs in 
porous and 'non porous forms with one-third of the chert displaying 
microporosity. One-third of the quartz is in a polycrystalline 
form. The average grain size of chert is 1.14nun as compared to .344 
mm for quartz. The maximum grain size for quartz is. 727mm as 
compared with 2.18rnm for chert. There. is less than 5% porosity 
reducing and permeability restricting elements such as cements, 
matrix, and clays. Core porosity is 24.7% and core permeability is 
3117md, making this an excellent reservoir rock. 

A thin section cut at 8448 feet of the Phoenix well was cut 
from the middle of some tabular x-stratified beds in the middle of 
a fining upwards sequence. This sample consists of moderately to 
well sort.ed, fine·to medium grained subangular to subrounded quartz 
(31.2%), chert (26%) and mudstone clasts, with coarse to very 
coarse s1iliangular to sub rounded clasts of chert that are aligned 
parallel to bedding. The mean grain size for chert is . 618mm 
whereas the mean grain size for quartz is .270mm. The maximum grain 
size for quartz is .57mm whereas the maximum grain size for chert 
is 1. 42mrlli. Approxiaroately 10% of the quartz is polycrystalline I and 
15% of the chert displays microporosity. This sample contains less 
than 15% matrix material made up of cement, clay, and organic 
matter. The core porosity and permeability is 23.2% and 399md 
respectively. 

These units represent an upward decrease in flow regime from 
the high velocity currents found at the basal section to the low 
velocity currents at the top. The silts and clays were deposited 
from suspension by slowly moving or stagnant waters on irregular 
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surfaces: inherited from earlier stronger currents. These layers of 
fine silt and clay furnish the mud intraclasts incorporated in the 
overlying lag deposits. 

Facies II 

Facies II consists of planar to massive beds of congl"omerate and 
conglomeritic sandstone. Pebbles and granule-size clasts of chert 
and lithic fragments make up between 5 and 50% of the rock. Matrix 
is predomiately fine to coarse grained, poor to moderately sorted 
consisting mostly of quartz and lithic rock fragments. This facies 
has a bimodal grain distribution. The maximum clast size of chert 
being three times the mean (fig.3PHXGS). In some sections there 
appears to be a sharp increase from facies IV in the percentage and 
maximum clast size of chert and polycrystalline quartz 

Dark red shales, thin red siltstones, and very fine grained 
sandstones separate facies IV from facies III in zone 2. Dark red 
floodplain shales are common within zone 2 in the Phoenix and 
Mukluk wells. Some of these shale units are correlatable in the 
wells to the east? These beds form intra-reservoir vertical seals 
to the south in the Prudhoe Bay field. 

A thin section cut from core at 8377' of the Phoenix well 
shows two distinct, thin sedimentary laminae. One lamainae, 
consists of approximately 32% monocrystalline quartz, 20% chert and 
5.4% sedimentary rock fragments. This laminae consists of 
moderately to well sorted fine to coarse grained chert, quartz and 
sedimentary rock fragments with scattered clasts of very coarse 
grained to granule-size, subroundedchert clasts. It has very good 
porosities and permeabilites because most of the interstices are 
free of cement and matrix material. The other thin laminae within 
this SamE! thin section contains poorly sorted very fine to granule 
size chE~rt quartz and shale clasts in a matrix of silty~ 
argillacElous material. The porosity and permeabilities found wi thin 
this lami.nae are very poor because of the abundance of fine grained 
matrix material and cement. 

The log character reflects these distinct changes in 
sedimentary texture. The gamma-ray curve has a slightly serrated, 
blocky character. The blockiness is due to the coarse grained, 
matrix-free sediments, whereas the slight serrated character of the 
gamma-ray is due to the thin laminae of matrix and cement-rich 
interstices. In general there is good separation between the sonic 
and density logs. 

Reservoil:' Quality 

Porosity and permeability of Zone 2, appears to be related to 
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depositional environment (figs. 4,5, and 6). The sedimentary units 
with the highest porosities and permeabilities are found within the 
braided stream deposits of facies III and IV, (fig. 4), and splay 
sand deposits within the floodplain (fig. 5) Within facies IV, the 
higher porosity rocks are located in the portions of the braided 
channels deposited within the highest flow regime. These higher 
flow regimes are located in the lag deposits at the base of the 
braided bar sequence. These samples are moderately to well sorted 
contain fine to coarse grained sediments, and very little matrix 
material (cements, clay, and shale fragments) filling pore spaces 
or blocking pore throats. 

For example, a thin section cut from the base of a two-foot bed of 
the Phoenix well at 8484 feet shows a mo¢erately sorted, fine to 
coarse g'rained sandstone with granule-size clasts of chert and 
mudstone. The predominate framework mineral is chert, making up 
over 45% of this sample. A porosity of 24.7% and a permeability of 
3117 miJ.lidarcies (md) makes this basal deposit an excellent 
reservoir rock. 

In contrast, the very well sorted, very fine to fine grained 
argillaceous sandstones are located in the upper part of the 
braided bar sequence. These sandstones have very poor porosities 
and permeabilities as they may act more like seals rather than 
reservoirs. These samples are poor reservoir rock because they were 
deposited in, low-flow regime at the upper part of a braided bar 
sequence where decreased current velocities have allowed very fine 
grained suspended material to be incorporated in with the coarser 
grained framework minerals. The affect of matrix on porosity and 
permeability is clearly shown in figure 6 where grain density is 
highest in those depositional facies associated with floodplain and 
abandoned channel deposits, and lowest in the cleaner braided 
stream deposits. A thin section cut from the top of an abandoned 
channel facies at 8454 feet of the Phoenix well displays a high 
percentage of ductile grains (clay clasts) that have been squeezed 
and deformed within the interstices significantly lowering porosity 
and permeability. These rocks may also contain a high percentage of 
carbonate cement. 

There appears to be a distinct electric log character for 
facies III, IV and VI of zone 2. The gamma- ray curve zone 2 is 
blocky due to the overall coarse grained nature of these sediments 
and serrated due to the thin shale drapes, floodplain deposits and 
scattered mudstone intraclasts. There is little separation between 
the velocity and density curves in the shale sequences of facies VI 
and VII. Sonic\density curve separation increases from the 
predomina.tely sandstones of lower facies IV to the conglomeritic 
sandstones of facies III (fig. ). 

The diagenetic reactions are the direct result of the original 
depositional environment. For example, although good reservoir 
rocks occur throughout this interval, the best reservoir rock are 
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found in the basal channel deposits where perrneabilities make reach 
over 3 darcies. These deposits contain very little cement as 
complete flushing of the system by corrosive fluids had dissolved 
the cements. 

Diagenetic reactions include the early mobilization of unstable 
silica in chert. The solubility of quartz is only5ppm at 25 
degrees centigrade (Siever et aI, 1965) and 100ppm at 150 degrees 
centigrade (Morey et al, 1962). Silica is therefore not very mobile 
in the subsurface. Precipitation of early quartz cements depends on 
the availability of less stable silicate minerals of amorphous 
silica \\rhich is significantly more soluble (150ppm at 25 degrees 
centigrade). Sandstones containing biogenic silica will develop 
early quartz cements when these phases, often at temperatures of 
50-70 degrees centigrade (Keene, 1975). As the silica concentration 
in the pore water decreases with time as the result of the 
preciptation of silicate cements, chalcedonic and quartz fringing 
cements give rise to quartz overgrowths. These quartz overgrowths 
formed E~uhedral faces around many of the quartz clasts while 
blocking pore throats. 

Carbonate and iron carbonate cements in the forms of calcite, 
dolomite, ankerite and siderite partially replace the quartz 
overgrowths, chert and quartz clasts. Secondary porosity was caused 
by the flushing of the system by pore waters enriched in organic 
acids such as carboxylic and phenolic acids derived from the 
maturation of petroleum. These fluids dissolved the carbonate 
cements leaving the etched and embayed remains of the framework 
grains, Clnd greatly increasing the porosity and permeability of the 
rock. . 

The graphs of point - counted data of the framework mineralogy, 
matrix-cements, and grain size distribution shows a significant 
change from zone 1 to zone 2 of the Ivishak Formation in the 
Phoenix and.. Mukluk exploratory wells (figs. 3 34fmz2 .lin, 
334cmsz2.lin, 334gsdz2.lin). In figure 338fmz2.lin, monocrystalline 
quartz if3 shown to be the dominant framework mineral with a range 
in sandstones of between 30 and 50%. Chert and sedimentary rock 
frgaments range between 5 and 20% and display an increase from the 
bottom to the top of zone 1. In contrast, chert and sedimentary 
rock fragments are the predominate framework mineral in zone 2 with 
a range between 20 and 50%. The percentages of carbonate cements 
and undifferentiated clays are typically very low within zone 2 as 
compared withthe greater abundance of these porosity reducing 
elements within zone 1. 

The grain size distribution curves for zone 2 shows mean grain size 
for quartz to be between fine and medium grained, whereas the 
coarsest clasts of quartz can be in the very coarse grained size. 
In comparison, the mean grain size for chert ranges between medium 
and coarse grained, whereas the coarsest clasts of chert can be as 
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large as pebbles. The greatest abundance of granule to pebble-size 
chert clasts appear towards the top of zone 2. 

Zone 2 is a regressive, fluvial sequence of braided stream 
deposits;, deposited within the more distal coast'al plain 
environment of facies V at the bas~ to the more proximal coastal 
plain environment of facies IV and III at the top of zone 2 (fig. 

) . 
Facies " consists of thin «3') weakly-developed, fining-upward 
sequences of fine to medium grained sandstones. The fining-upward 
sequences are most often capped by thin beds of interlaminated 
mudstone and siltstone. Where the sha1e- cap is missing and the 
fining upward sequences are stacked, the base of the channel 
sequence can consist of very coarse rip-up clasts of mudstone. 

ZONE 4 
Zone 4 is a transgressive marine sandstone, equivalent to the 
Eileen member of the Ivishak Formation, found in the Eileen State 
exploratory wells onshore. Offsho;r-e, zone 4 strata is found in the 
Mukluk amd Antares #1 exploratory wells where it unconformably 
overlies fluvial sandstones of zone 2. Zone 4 reaches a maximum 
thickness of approximately 70 feet in the Antares well, and thins 
to less than 50 feet, 30 miles to the northeast, in the Mukluk 
well. Zone 4 records the backstepping of depositional environments 
which took place following the rapid cessation of fluvial coastal 
plain progradation within zone 2. 

The unconformity between the Eileen Sand, and the underlying 
fluvial sandstones of zone 2 lies at approxiamately 8175' of the 
Antares 1 exploratory well. The unconformity is represented by a 
lag deposit of mixed white and grey chert pebbles, reworked from 
zone 2, and the change between the massive and crossbedded 
sandstonE!S of zone 2, and the hummocky, rippled, lenticular, sil ty 
sandstonE~s of zone 4 (CORE PHOTO #16). The upper boundary of zone 
4, between the Eileen Sand and the Shublik Formation is more 
suspect, as thin sections suggest a transitional mineralogical 
sequence into the more calcareous, argillaceous sandstones of the 
Shublik Formation. Other geological evidence from conventional 
core, suggests a major depositional break at the top of the Eileen 
Sand. This depositional break is located at rubble zone within the 

. core. There, highly mottled, bioturbated sandstones below the 
rubble zone, zone 4 lithologies, are replaced by thinly laminated 
calcareous sandstones above it of the Shublik Formation (core photo 
#24) • 

In the Antares well, zone 4 has been subdivided into three facies 
associations, XI, XII, and XIII. These facies associations were 
differentiated by their sedimentary structures, and vertical facies 
relationships identified in conventional core, detrital and 
authigenic mineralogy, mean and maximum grain distribution, degree. 
of sorting as identified in thin sections, and electric log 
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The combination of sedimentary structures and authigenic mineralogy 
suggests that these sediments were deposited within a shallow 
marine environment. Hummocky, rippled lenticular I fine grained 
sandstones that contain pyrite nodules and glauconite of facies 
associati.on XI at the base of zone 4, changes upperwards into 
facies association XIII where the core is highly mottled and 
burrowed, and shows signs of pedogenic soil formation. 

The following graphs and illustrations contain data that define the 
major characteristics of zone 4.The percentage of detrital 
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monocrystalline quartz and clay increase sharply across the 
boundary whereas the percentage of chert and polycrystalline quartz 
decreases (fig. new280min). In addition, there is a recognizable 
difference between the types of authigenic and matrix derived 
minerals found in zone 4 as compared with zone 2. The dominant 
cement in zone 2 is ankerite whereas zone 4 contains calcite in 
trace ~nounts, not shown, iron calcite, and iron dolomite. 
Authigenic minerals solely found within zone 4 strata include 
glauconite and pyrite (new280cem). 

The mean and maximum grain sizes, and degree of sorting, changes 
dramatically upwards across the unconformity between zones 2 and 4. 
The poor to moderately well sorted, fine to coarse grained 
sandstones of zone 2 are replaced by well to very well sorted, very 
fine, silty sandstones of zone 4 (figures n2801gs, thin sections of 
zone 2, 8184 or 8193, and of zone 4, 8161, and 8121) . 
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Analysis of the above described geologic factors suggests that the 
rate of sea level rise was greater than the supply of sediment from 
the source terrane to the north. The rise in sea-level after zone 
2 deposition resulted in the transgression of 'the marine 
environment onto the lower coastal fluvial plain. The lower portion 
of the coastal plain was eroded, as shallow marine silty sandstones 
were deposited on·· top of fluvial sandstones. The fine grain sizes, 
good sorting, and presence of hummocky structures suggests that the 
sediments were deposited where gentle wave action sorted the fine 
grained sediments .. The pyrite nodulars in the lowest most facies 
probably formed just below the sediment water interface in reducing 
conditions. 
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Reservoir potential of the transgressive sandstones in the Antares 
well is very poor. Zone 4 strata has the poorest reservoir 
characteristics of all the zones studied in wells offshore. Figure 

8280 ~",..--rcrmr"""""--nm",",,,,,, 
0.01 0.1 I 10 100 1000 

PERMEABILITY (MO) 

TRANSGRESSIVE MARINE SANDSTONES 
OF ZONE 4 (EILEEN SAND) 

UNCONFORMITY 

FLUVIAL SANDSTONES OF ZONE 2 
(IVISHAK SANDSTONES) 

Figure 1. 1be change in permabilities and reservoir quality between the fluvial, progradational sandstones of 
zone 2, and the transgressive marine sandstones of zone 4 in OCS-Y-0280 no. 1 (Antares), Beaufort Sea, 
Alaska. 

(280per.m.plt) illustrates the sharp decrease in conventional core 
permeabilities across the unconformity between zones 2 and 4. The 
poor perrneabilities are caused by deposition in a low energy marine 
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environment where: predominate detrital grain size was very fine to 
fine gratined; detrital clay was abundant, and where subsequent 
biogenic reworking and burial diagenesis was extensive. 

Reduction in the porosity and permeability of the strata continued 
following deposition within the shallow marine environment. The 
organic-rich carbonaceous clays and fine grained sandstones were 
reworked by near surface burrowing organisms. These 
burrowing organisms disrupted the original sedimentary fabric of 
the strata significantly reducing the continuity in pore space 
within the original rock fabric. Pyrite nodules, iron dolomite, and 
calcite precipitated within the organic-rich clays. Later burial 
and compaction squeezed the abundant clay between the detrital 
grains cutting off most of the remaining pore throats. This was 
followed by the recrystallization of quartz along detrital grain 
boundariE:s . The depositional and diagenetic characteristics of zone 
4 suggests that these strata probably acted more like a seal than 
a reservl)ir for petroleum within this portion of the Beaufort. 

These sections at depths of 8161 and 8120 were looked at in detail 
at MME. Four other sections were looked at at Exxon exploration in 
Houston, Texas. These sections were at the depths of 8174, near the 
top of the unconformity between zone 2 and zone 4 strata, at 8133 
and 8125 feet within facies XII, and at 8108 feet within facies 
XIII. These sections were only briefly looked at. 

The section near the unconfonnity at 8174 feet, consisted of poorly 
sorted, very fine to medium grained sandstone. The sandstone 
contained abundant churned and contorted layers of clay from 
bioturbation. There was abundant pyrite and scattered traces of 
glauconite. . 
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LISTING OF THIN SECTION COLLECTION 

Sohio (BP) Mukluk 1 (Y-0334 #1) Box 1 7,375-7,587 Core Chips, Blue Impreg. 
Box27,612-7,816 CoreChips,Bluelmpreg 
Box 3 7,841-9,271 Core Chips, Blue Impreg 

2 box duplicate set 8,180-9,330 

1 partial box 7,386-8,248 

Tenneco Phoenix 1 (Y-0338 #1) Box2 7,904-8,081 
Partial Box 1 8,120-8,513 

Exxon Antares 1 (Y-Ol80 #1) 
Partial Box 3 8,120-8,219 
Partial Box 2 8,231-8,377 

Exxon Antares 2 (Y-0280 #2) 
Partial Box 3 11,384-11,448 

Shell Sandpiper 1 (y-0370 #1) 
Partial Box 1 11,805-12,087 
Partial Box 3 11987 
Partial Box 1· 12,037-12,112 

Amoco Sandpiper 2 (Y-0371 #1) 

Cuttings, No Impregnation 

Core Chips, Blue Impreg 

Core Chips, Blue Impreg 
Core Chips, Blue Impreg 

Core Chips, Blue Impreg 
Core Chips, Blue Impreg 

Core Chips, Blue Impreg 

Core Chips, Blue Impreg 
Core Chip, Blue Impreg 
Core Chips, Blue Impreg 

Partial Box 2 14,424-14,456 
.• / 't. if 3S' 

) 01-

~idewal1 Cores, Blue Impreg. 
~e!,'e,,(!, ... of , '.£I "'/ 

Shell Seal Island 1 (Y-OI81 #1) 
Partial Box 1 
Partial Box 1 
Partial Box 2 

Partial Box 1 

Shell Seal Island 4 (Y-01SO #1) 

- t't; 'I$b 1\ 

12,468-12,783 
10,396-10,426 
10,436-10,501 
12,303-12,463 
12,719-12,866 

Partial Box 1 15,161-15,186 

Northstar 3 (State Well) Partial Box 2 9,438-9,550 

kws h: Ibeaufortlthinsectlist. wpd 
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Core Chips, Blue Impreg I 

Core Chips, Blue Impreg 
Core Chips, Blue Impreg 
Core Chips, Blue Impreg 
Core Chips, Blue Impreg 

Core Chips, Blue Impreg 

Sidewall Cores, Blue Impreg 
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DEl'OSrr/ONAL 
ENVIRONMENT 

CONSTRUCTIVE 
DEL TAlC MARINE 

DEPOSITS 

FACIES ASSOCIATIONS AND 
IDOMINANT FACIES Tl'PESI 

VIII. DISTAL COASTAL PLAIN 

IX. CHANNEL MOUTH BAR, 
DEL TA FRONT (51, Sm) 

X. DISTAL FAN DELTA 

Minerals Management Service 
Alaska OCS Reqi0n 
949 E. 36th A~e., Rm. 603 
Anchorage, AK 99508-4302 

CORE CHARACTERISTICS 

(sidewall cores only} 

Inter/aminated fight and 
and dark grey~ very fine 
to fine grained sandstone 
changing upwards to.a 
light grey massive fine 
grained sandstone 

(erDded section) 

THIN SECTION DESCRIPTION 

Poor to moderately sorted fine 
to medium grained sandstone which cDntain 
increasing amounts of chert and reddish 
brown clay c/asts~ The chert is 
predominately nonporous. 

Inter/aminated,. well sorted,. fine grained 
sandstones with abundant dark brown clay 
clasts and mDderately to well sol1ed very 
fine to fine grained sandstones with an 
abundance_ of interstial matrix of clay, sift 
size chert and quartz. Ankerite and later 
siderite cements replace the boundaries of 
detrital grains. Pyrite ;...;; found at the top of 
this facies unit. 

WELl. tOG RESPONSE 

Tho gamma-rsy curve is r.epresented by 
serrated cyrmd~r. There is very good 
separation between the density and the 
velocity curves. 
GR~28-40 

DT~74-80 

RHOB~2.32-2.48 

The gamma-ray curve is reprsented by a 
stacked bell-shaped curve. There is good 
separation between the density and the 
vtdocity curves. 
Gr=3().60 
DT=73-76 
RHOB~2.39-2A8 

Iv'S:LA.1f. ~n.~r 

HunJ<AJ1'TJ, ''''''3 

PERMEABILITY 
PROFIlE 

Penneabi/ity is 
higher in those 
8smples that are 
free of interstial 
matrix of clay, 
and siJt-.size 
detrital 
fragments. 

Porosity and 
permeability is 
good,. although 
it decreases 
upwards with a 
decrease in 
sorting and an 
increase in 
interstial matrix. 

TABLE 1. The descriptions of conventional, sidewall cores and petrographic thin sections for the development of 
permeability profiles within zone 1 of the Antares OCS-Y-280 #1 exploratory well. 



DEPOSfflONAL 
ENVIRONMENT 

FLUVIAL 
DOMINATED 

COASTAL PLAIN 
DEPOSITS 

FACIES ASSOCfATTON AND 
(DOMINANT FACIES TYPESI 

V. DISTAL COASTAL PLAiN 
(Sx) 

V. MIDDLE TO DISTAL COASTAL 
PLAIN 

(GSx, Sx, SI) 

BRAIDED TO MEANDERING SfflEAM 

N.UPPER TO MIDDLE COASTAL 
PLAIN 

(Sx, SI, Sm) 
BRAIDED SfflEAM TO LOW 
S/NUOISTY MEADERING STREAMS 

II. UPPER TO MIDDLE COASTAL 
PLAIN 

(GSm, GSx, GSI, Sx) 

MiClercls Mc'!agement Servict 
Alaska OCS Region 
949 E. 36th Ave., Rm. 603 
Anch"r",.,a.;\1( 0~'""", • __ _ 

CORE CHARACTERISTICS· 

Poorly developed fining upwards sequences 
of medium grained sand wiUr crossbedding 
and abundant clay rip-up clasts at the basa 
The top of this sequence are reworked chert 
pebble deposits found just below an 
unconformity .separating the the overlying 
transgressive shelf deposits of zone 4. (see 
photo #16, care fnterva11701-1710J 

Stacked; fining upwards sequences of 
medium grained sand<;tones with scattered 
granule-size clasts of chert and clay. 

Poorly developed fining upwards sequences 
of medium grained sandstones that contain 
granule-size clasts of chert and long wispy 
clay clasts that paranel the crossbeds. These 
(FUS) are capped by very thin beds of 
hema6tic siltstone. (s8e core photo #11 J 

10-60% granule to pebble size chert~ 
polycrystalline quartz and mudstone 
intraclasts. 40-90% fine to coarse grained 
interstia/ detrital fragments. Weakly 
developed FUS, capped by 3- grey shale. 
Numerous erosiona/suriaces and abrupt grain 
size changes. Vertical facies trend is GSm, 
GSx GSI Sx SI. 

'. THIN sEcTION DESCRti>TION 

Moderatefy to well sorted very fine to fine 
grained sandstones which contain an abundance 
oT-petritaJ clay and corrosive authigenic ankerite 
cement. (see graphs 280min and 280cmJ. The 
coarser grained sandstones contain signficantly 
less cement and clay clasts (see graph 28.0gsJ. 

At the base of each $equence~ there are 
moderately to well sorted fine to medium 
grained sandstones -with scattered granule-size 
clasts of chert. The interstices contain little 
matrix and only small patches of ankerite 
cement. The upper part of these (FUS} contain 
PODrly sorted very fine to medium grained 
sandstones with an abundance of interstial 
matIix material of very fine grained quartz~ chert 
andc/ay. 

Moderately soned fine to medium grained 
sandstones with detrital chert, quartz, 
sedimentary rock fragmenrs and scattered 
patches of ankerite cemenL Ankerite cement 
replaces detrital grains. Trace of triplitic chert. 

Moderate to poorly sorted fine to coarse grained 
chert and quartz that contain granule to pebble 
size angular to slJbrounded extraclasts of chen 
and pD/ycrystalline quartz. Interstices contain 
scattered patches of ankerite cement. 

. ',: .' .. :. . . 
WELL LOG.RESPONSE 

The gamma-ray curve 
consists of serrated (FUS) 

sequences. GR--50--85 
There is fair to good 
separation between the 
sonic and density curves 
RHOB=2.38·2. 70 
DT=88-70 

I=//'-r.L,. if. $ rJr 
Ho;TGLIfJ;rJ Ie,:r"!:. 

PERMEABIUTY 
. PROFILE 

The range in porosity is 
between 12.3 and 19.3%, 
and the range in 
permeability is between 
lBand411md. The most 
permeable sandstones are 
coarser grained sandstones 
that contain less cement 
and f8wer clasts of clf!Y. 

Permeabilities rango between 10 and 150mD. Permeabi/ities 
reduced by the combination of poor sorting, abundant fine 
grain detrital clasts, ankfJrite cement and quartz overgrowths 
that fill interstiaf pore space and block pore throats. 

Permeabiliry reduced by 
fJxtensive development of 
quartz overgrowths, 
ankerite cements and poor 
sorting. 

Goad permeabilities ranging between 10 and 300mD. 
Secondary porosity formed from the dissolution of 
micrpol'ous chert. 



I .# 
./ I.UPPER COASTAL PLAIN/TOP OF 

ACTNE FAN DEPOSmON 
(GSm} 

DEBRIS FLOWS AND LDNGITUDINAL 
BARS 

V. BRAID DEBRIS FLOWED STREAM 
DEPOSITS 

(Sm} 

50-70% very poorly sorted pebble to cobble 
size angular to subrounded black grey and 
white chert and 30-50% fine to coarse 
grained chert and quartz. Hematite is 
scattered throughout unit (see core photo 
#6J. No vertical facies trend. This un" is 
sandwiched between floodplain deposits of 
facies association VII. 

Coarsening upwards sequence of massive 
fine grained silty sandstones to coarse 
grained sandstones ( 6'" thick). 

Very poorly sorted. strongly bimodal detrital 
clasts of predominately chert~ monocrystal/ine 
and polycrystafline quartz. Cementing agent is 
ankerite found within interstices. Matrix material 
consists of fine to coarse grained chelf and 
quartz. Some matrix material consists of 
abundant interstial clay_ Hematite coats many of 
tho clasts in some sections. 

Poorly sorted silty sandstones with an abundant 
matrix of very fine grained chert, quartz and 
clay. The upper pa.rt of the sequence consists of 
poor to moderately sorted (weakly bimodal} fine 
to coarse grained matrix rich sandstones. The 
detrital mineralugy consists of chert and quartz. 
Siderite? is the predominate cementing agent 

Gamma~ray CiUV8 is blocky. 
There is goad separation 
between the sonic and 
density curves. 
DT=65-70 
RHOB = Z.5D-Z. 62 

TABLE 2. The fluvial adva·nce and retreat phases of deposition for zone 2 of the Antares oes V-02BO #1 exploratory weIl_ 
l 

The permeabilities range 
between .09 and 546md. 
The variability is caused by 
the amount and twJe of 
matrix material, and 
interstial cement. 

The very low permeab11ities 
'_01-.09} are caused by the 
fine grained size, poor 
sorting and abundant 
interstial matrix. 



>, -~cr-

mi?lJ:"-dls Mu""gelllcllf ~l;IfYlC.t 
Alaska oes Region 

J-lortl LU ;T3. z fq~:3 

DEPOSrrlONAL 
ENVIRONMENT 

TRANSGRESSIVE 
SHALLOW MARINE 

AND REWORKED 
COASTAL DEPOSITS 

OF ZONE 4 

FACIES ASSOCIA nON AND 
(DOMINANT FACIES TYPES] 

XIII. INTERTIDAL-SHAllOW MARINE 
(MSm, MSbl 

XII. SHAllOW OPEN MARINE 
(MS,.5dl 

XII. SHAllOW RESTRICTED MARINE 
-DEPOSITS. 

(MS,.MSd.MSbl 

XI. REWORKED TRANSGRESSIVE 
COASTAL DEPOSITS. 
51, Sm, Sx. GSm 

949 E. 36th Ave., Pm . .<:-:'1 
Anchor2,:!,,!. AK 9'i5)3-C:3~~J2 

CORE CHARACTDlISTlCS 

Highly mottled fine grained silty, calcareous 
sandstones. This core dispfavs a very high-degree of 
paleosol color mottling, and rootlet traces~ lpossible 
evidence for pedogenic soil formation). Burrowing 
structures also appear common (core photos 22-231. 

Hummucky lenticular bedding of continuous to 
discontinuous ripple mudstone/sarn::fstone. These· 
very fine to fina grained silty, calcareous sandstones 
lack the pyrite nodules found in the underlying unit 
(co,e photos 19-211. 

Hummucky .. lenticular beds of continuous to 
discontinuous sand ripples that have been post
depositionaUy contorted, and contain abundant 
pyrite nodules .. up to 3'" in diametar. These very fine 
to fine grained silty shallow marine sand.s:tones 
unconfonnablY overlie fluvial sandstones of zone 2. 
These sandstones contain glauconite ... carbonaceous 
matter, pyrite and are slightly calcareous_ (core 
photas 1IH 9 I. 

Medium grained sandstones and sandy 
conglomerates_ The sandy conglomerates contain up 
!O 70% g!'~!!!!!e to pe!!b!e-size weB ilJi..i • ..:!-i:d ~hert 
clasts. Thin < 1.0· coarsening upwards sequence. 

.... 

TIiIN SECTION 
DES·CRIPTION :. 'PERMEABILITY ~ 

PROALE ~ 

W~II sorted very fine to fine Poor permeabilities {avg .50md) because of fine- grain size and 
grained quartz-rich abundant interstial clay and calcite cements. 
sandstone which contain 
detrital quartz (40 0k) and 
chert (10%J, abundant 
disturbed layers of intcTstiaJ 
brown clay, calcite. iron 
calcite .. collophane?" and 
alauconite (B108J. 

very well sorted. very fine to Poor permeabilities because of the fine grained d.etritals and 
fine grained quartz-chert-rich abundant intcrstial matrix. 
sandstones. The intarstices 
are fined with a matrix of 
very fine grained chert 
quartz and clay along with 
calcite. iron calcite, and iron 
dolomite (8120". ' 

Very well to wen sorted fine Very poor permeabillties because detrital fraction is fine grained. 
grained sandstones that abundant interstial clay, porosity disruption due to burrowing and 
contain abundant interstial the abundance of carbonate and other interstiaJ cements. 
clay .. rhombs of pyrite .. iron 
dolomite. calcite, zoned iron 
calcite, and glauconite~ The 
nodulars consist of clay, 
glauconite~ pyrite cubes and 
scattered quartz grains. 
Burrowing is common and 
has created an 
inhomogeniety of packing of 
Quartz grains (B161'J. 

Penneabifities are as high as SOrnD. These basal sandstones and 
conglomerates contain the highe~t permeabifities within zone 4. 

TABLE 3. The description of conventional core and petrographic thin sections for the characterization of depositional environment and permeability 
profiles for the transgressive marine sandstones of zone 4 for the Antares OeS-V-280 #1 exploratory well. 



CONSTRUCTNE 
DELTAIC MARINE 

DEPOS"S 

FACIES ASSOCIA TION AND 
{DOMINANT FACIES TYPES' 

VIII. DISTRIBUTAR Y CHANNEL 
SANDSTONES 
(Sx, Sm, SI, Sd) 

IX. CHANNEL MOUTH BAR, DEL TA 
FRONT SANDS 

X. DISTAL FAN DEL TA 

Iv'-s~"1( <;.~ 
H..6 (7JUJ'; Ij I ~ 4f J 

Minerals M"-"-~-~:1t 3!':rvi~e 

A!as'<a CCS ~"";)n 
949 E. 36th Ave., Rm. 603 
Anchorage, AK 99508-4302 

CORE CHARACTERIS TICS 

Interlaminated fine grained sandstones, light brown 
siltstones, and very thin laminae of carbonized plant 
material; grading upwards to thinly laminated 
siltstones and very fine grained silty sandstones. 

NOT CORED (SEE DETAILED SECTION FROM 
ADJACENT MUKLUK WELL 

NOT CORED 

THIN SECTION DESCRIPTION PERMEABILITY PRORLE 

Well sorted to very welJ sOlted quartz-rich sandstones Gaod secondary porosity in 
which contain monocrystalline and polycrysta/Jine quartz, coarser grained sandstones 
porous and nonporous cherts, and ankerite cement. because of the dissolution of 

tripolitic chert. Permeability 
decreases adjacent to siltstones 
due to the precipitation of 
ankerite cement. 

TABLE 1. The description of conventional core and petrographic thin sections for the characterization of permeability profiles and depositional environments 
for zone 1 of the Phoenix oes Y-0338#1 exploratory well. 



Cl DEPOSmONAL 

~ ENVIRONMENT 

() 

t:1 
III 

S-
?;:1 
(1) 

"d 
0 
::l. 
VJ 
0 ALLUVIAL FAN 
VJ 

PROGRADATION 
FROM THE UPPER 
DISTAL COASTAL 

PLAIN 
ENVIRONMENTS 
TO THE TOP OF 

THE MAIN 
ACTIVE FAN 

FACIES ASSOCIA 1ION AND 
(VERTICAL FACIES TYPES} 

I. UPPER COASTAL PLAIN nop OF 
ALLUVIAL FAN. 

IGm, GSm/ 
DEBRIS FLOW DEPOSITS, 
LONGITUDINAL BARS 

11. MID COASTAL PLAIN/ALLUVIAL 
FAN DEPOSITS 

(GSm, GSx/ 
LONGITUDINAL BARS TO LlNGUOID 
BARS AND MINOR CHANNEL FILLS; 

III. LOWER MID TO UPPER DISTAL 
COASTAL PLAIN DEPOSITS 

IGSm, GSx, Sx, 51/ 
LlNGUOID TO TRANSVERSE BARS. 

IV. UPPER TO MIDDLE DISTAL 
COASTAL PLAIN DEPOSITS 

(GSm, Sm, SI, Sx, MSI, MSr/ 
BRAIDED,MEANDERING STREAM, 
POINT BARS DEPOSITS -

CORE CHARACTERISTICS 

Conglomerate, clast supported pebbles up to 
2' in diameter, are principfy white" grey,. and 
black chert~ Less dominant p2bbJe-size clast 
include po/ycrystal/ine quartz and mudstone 
rip--up clasts. Fine to medium grained detrital 
clasts make up interstitial area. 

No discernable fining upwards sequences. 
40-60% fine to coarse grained sandstone and 
10-40% granule- to cobble size white grey 
and black chert clasts 

mw SECTION DESCRIPTION 

Very poorly sorted" strongly bimodal sandy 
conglomerate. Chert clasts are oftentimes zoned 
and contain abundant sponge spicules (picl) and 
other chert clasts contain large fine to coarsely 
crystalline quartz veins. The interstitial area 
contains fine to medium grained chen, quartz 
and mudstane rip·up clasts_ 

Two distinct units, a poorly sorted matrix-rich 
conglameritic sandstone and a moderately 
sorted fine to granule sized matrix-free 
sandstone. The matrix rich unit is bimodal.,very 
poorly sorted~ fine to pebble size clasts with 
abundant silty and clayey interstitial matrix. The 
matrix free unit fine to coarse grained with 
scattered extraformational clasts of chert. 
Scattered patches OT ankerite cement appear 
within the interstices. 

Weakly developed fining upwards sequences Poorly sorted granule to pebble size chert and 
(1-2°J_ 70-90% fine to coarse grained polycrystalline quartz floating in a matrix of fine 
sandstones; 10-30% very coarse to pebble to ve/'Y coarse chert and minor quartz. Calcite 
size extraformational chert cfasts found at cements occur in scattered isolated patches. 
hase of channel sequence and scattered 
throughout section. 

Well developed fining upwards sequence~ Lag 
deposits of either extraformational chert 
andlor intraformational siltstone Tip-up clasts 
(GSmJ. 80-90% fine to coarse grained 
sandstone (Sx, Sf) and very thin sl7tstone cap 
MSI,MSr. 

Moderately sorted, mostly fine to coarse 
grained; abundant chert of porous and 
nonporous varieties; high percentage of 
polycrystal/ine quartz; ankerite is the primary 
cement with some secondary limonite 
replacement. 

c· \." 

PERMEABIlITY 
.c·c· '., PROR{£ .. : ... ::' c. 

Overall high permeahilities, although the poor sorting and 
relatively fine grained detrital constituents of interstitial 
area has reduced the permeabifities within this sample of the 
Mukluk well. Enhanced microporosity occurs withilJ the 
larger detrital clasts of this facies. 

Overa/J very high permeabilities ranging from 130D-200mD. 
Lower permeabilities occur within the matrix-rich 
conglorneritic sandstones. 

Very high permeabl7ities ranging between 3180 and 350mD_ 
Primary porosity is dominate hecause of the predominance 
of smooth., non-replacive grain surfaces~ Secondary porosity 
associated with grain-corrosian-dissolution also occurred as 
evident from oversized pore spaces and inhomogeneity of 
packing, but is of secondary importance here. MicropoTous 
chert and macroporous chert from the dissolution of 
dolomitic rhombs are afso present. 

Permeabilities range between 3500 and 200mD. lnalVidual 
channel sequence dISplay an upward decrease in 
permeabilities. Grain-dissolution secondary porosfty is 
evident from oversked pore spaces., large interchannel 
pores, deeply etched and embayed detrital grains~ Good 
percentage of microporosity frDm abundant tripolitic chert. 
and macroporosity in coarsor deposits from the dissolution 

I of dolomite rhombs in c"ert~ 



VI. CHANNEL ABANDONMENT 
DEPOSITS 

MSJ.MSr 

VII. FLOODPLAIN DEPOSITS. FAN 
ABANDONMENT DEPOSITS 

Md. MSr 

Inter/aminated light grey siltstone and shale 
and minor amounts of very fine grained 
sandstone. Forms very thin capping unit over 
inmvidual channel sands. Can contain color 
mottling and rootlet traces. 

Inter/aminated siltstDne/mudstone {80%J and 
very fine grained sandstones (splay sands). 
Deep red color and rootlet traces from 
pedogenic soil formation and structurally 
mottled. These zones are typically thicker 
than the abandoned fanlchannel deposits and 
oftentimes separates zone 1 from zone 2 
strata. 

These beds have very low penneabilities and where Ihick 
enough may act as localized seals between individual 
channel sands. 

These floodplain deposits are very fine grained and highly 
indurated by concretionary siderite" and thus have acted as 
regional sealing units for the migration of petroleum. An 
exception to this are thin olScontinuous splay sands that 
show significantly higher porosities and permeabiJities. This 
facies may extend 8i!TOSS t~e Beaufort as a regional seal 
between the Antares and the Sandpiper wells {see )(
sectionl. (Grapher fil1ures from Phoenix wel/J. 

TABLE 2. The alluvial fan advance phase of deposition for zones 2(an~ 3}n the Mukluk and Phoenix exploratory wells, Beaufort Sea, Alaska. 



THE DESCRIPTION OF CONVENTIONAL CORE AND PETROGRAPHIC THIN SECTIONS FOR THE CHARACTERIZATION OF DEPOSITIONAL ENVIRONMENT 
AND PERMEABILITY PROFILES FOR THE TRANSGRESSIVE MARINE SANDSTONES OF ZONE 4 IN THE OCS Y-0338 (PHOENIX) EXPLORATORY 

WELL. 

DEPOSfflONAL 
ENVIRONMENT 

TRANSGRESSIVE 
SHAltOW MARINE 

AND REWORKED 
COASTAL DEPOSITS 

OF ZONE 4 

FACIES ASSOCIATION AND 
(DOMINANT fACIES TVPt:SI 

XII. SHALLOW MARINE AND 
REWORKED SHAllOW MARINE 
STORM DEPOSITS 
(GSm, Sbl Sm 

XI. REWORKED SHORELINE 
COASTAL DEPOSITS 

SI, Sx, GSx, GSm, MS 

CORE (;HARACTERISTICS 
, 

Very thin beds of very fine grained to fine. grained 
sandstones!silty (1.0- 5.0r thick) and very thin beds of 
thick.ly 'aminated beds of coarse grained sandstones and 
granule/pebble matrix supported conglomerates (2.0·'to 
1.0'thick.l- Fine grained sandstones are highly mottled 
displaying highly disrupted bedding (Sb), whereas the 
conglomerates are mostly massive (GSm). These beds do 
not display any vertical facies trend except that the fine 
grained monied sandstone predominate at the- top of this 
sequence. 

Very thin interbedded fine to coarse grained sandstones 
and conglomeritic sandstones. Coarsening upwards 
sequence of displaYing a vertical facies trend of Sx, GSx1 

GSm of <3.0 foot thick. Soma CUS are capped by thin 
beds: of interlaminated siltstone, mudstone and very fine 
grained sandstone (Phoenix well, 0338, 8142'). 

,.. .... . 

THIr.l SECTION DESCRIPTION 
.. ': 

Moderatelv well soned very fino to medium grained 
sandstone. Although relatively clean, the inte .. stial areas 
contain a greater abundance of detrital clay than in facies 
association XL Phosphatic material Goats many of the 
detrital clasts of chert and quartz. Detrital clasts are 
partially replaced by phosphatic material. 

8140'- (facies unitS:x:) Moderately well to well sorted fine 
to mostly medium grained sandstones with scattered 
pebble-size mudstone rip-up clasts. Interstices are relatively 
free of caments and a only contain small amounts detrital 
clay. (Finer grained deposits contain greater amounts of 
clay). late stage dolomite rhombs are scattered thoughout, 
but concentrated within the mudstone intraclasts. 
8123'- (facies unit 51) Late stage pyrite or hydrocarbon 
emplacement totally fills pore spaces and has highly etched 
and fractured the detrital graj'ns. 
8120' (facias unit SI) Finer grained sandstones have a 
much greater abUnd~nce of detrital clay and late stage 
cements. 

PERMEABlltTY· 
PRORLE 

Overall good, but variable 
according to grain size.Higher 
p()rosities and pcrmeabilitics 
with the thin interbedded 
conglomerates and coarse 
grained sandstones (up to 
4000mD). Poorer reservior 
sandstones are found within 
the fine grained highly 
monied sandstones ( <:: 50mDJ 
Primary pores blocked bV 
greater abundance of dotnlal 
clays and authigenic 
phosphatic matenal. 
Secondary porosity is evident 
from the residual rinds of 
phosphatic materia'-

Overall high. Porosity .. ange 
between 11 and 22%. 
Permeability range between 
25 and 1400mD. Depositional 
tmvironment primary control 
on reservoir quality; 
secondary porosity 
development is very evident 
by the dissolution of unstable 
tripolitic chert. lower 
reseNoir permeabilities within 
the finer grained sandstones 
that contain more abundant 
detrital clay and late stage 
cements. 



'. 

DEPOSmONAL 
ENVIRDJIIMENT 

CONSTRUCTIVE 
DEL TAlC-MARINE 

DEPOSffS 

FACIES ASSOCIA TIDN AND 
(DOMINANT FACIES TYPES) 

VIII. DISTRIBUTARY 
CHANNEl/SANDSTONE FACIES 
(Sx,SmJ 

IX. CHANNEL MOUTH BAR, DELTA 
FRONT SANDS OR DEL TA PLAIN 
(SI,Sml 

X. DISTAL FAN DEL TA 
(SI,MII 

i\'~inerals ,.,ft3:~agemerlt SCI ...... ..;: 
Alaska OCS Region 
949 E. 36th Ave., Rm. 60 r 

Anrf-.~-::. ..... o AT( o(,!::rHLt...,.· 

CORE CHARACTERISTICS 

fine to coarse grained, massive to 
crossbeddet! sandstones, organized in FUS of 
4-10' thick beds. Channel deposits contain 
basal/ag deposits of clay rip-up clasts. 
Vertical facies trend js SI,Sm,Sx. Beds grade 
from more massive bed.<:; at the bottom to 
crossbedcled sandstones at the top_ The 
upper-most]{ bedded sandstones are defined 
by_abundant reworked carbonaceous matter. 

Massive sandstone beds with very thin 
laminae of carbonaceous material. Beds are 
from 2 r 12' thick. Carbonaceous laminae, 
c/ay-rip~up cfasts and erosional surfaces are 

Coarsening upwards sequence of very thin 
beds of silty carbonaceDus mudstone grading 
up into very fine to fine grained sandstones. 
carbonacoous debris~ 

THIN SECTION DESCflJPTlON 

Moderately well sorted fine ta coarse grained 
quanz, tripDlitic, chert-rich sandstones. ~_ 
Secondary dissolution of chert is very evident in 
this sample (12,047). The tripolitic chert where 
still remaining displays replacement by kaDlinite 
and late stage siderite cements_ 

Poor to moderately sorted very fine to medium 
grained quartz, chert sandstone with an inters-lial 
matrix of vcry fine grained fragments of quartz, 
chert and clay, and carbonaceous matter. 
Interstitial cements include ankerite and siderite. 
Siderite rhombs are zoned with an inner dark 
core of iron-poor calcite and an outer lighter 
colored, iron-rich core. 

Very well Co wen sorted, very fine to fine grained 
quartzl tripolitic chert rich sandstones. The 
interstices contain partially dissolved tripolitic 
chert, siderite-ankerite cements and dark brown 
carbonaceous material. 

IV~s.l..AK ~t-.. ~ 

U. t· ... ·, I TJ.J ''14.3 

RESERVOIR CHARACTERIZA TlON FROM PETROGRAPIIIC 
EXAMINATION 

Initial permeabiIites were probably gDod because of the high 
mean grain sizes (abundant mfldiuffl to coarse grained sandI 
see figure ), and the lesser amounts of interstial cem8l1ts 
and clays... The secondary dissolution of chert greatly 
enhanced the permeabilities within Ihis facies. The 
abundance of tripaltic chert also adds to a significant 
increase in inlergranular and intragnmu/ar microporosity 
(picture 12D47}.Permeabilties are highest at the base of the 
channel sequences and decrease upwards. 

Fair porosities and permeahilities~ The abundance of clay, 
carbonaceous material, and the extensive recrystallization of 
quartz has Significantly reduced the permeabilities in many 
of these sands_ No wholesale dissolution of tripolitic chert 
(picture at 12,D77). 

Primary porosities and perm8abilities were Jow becalJse of 
the abundance of carbonaceous debris and quartz 
overgrowths~ and the lowest mean drain size of the three 
facies. The secondary dissolution of tripolitic chert increased 
the porosity and permeability. The replacement of chert bV 
kaolinite and secondary siderite cement lower the final 
porosities and permeabilities (picture 12,089J_ 

TABLE 1. THE DESCRIPTIONS OF CONVENTIONAL CORES AND PETROGRAPHIC THIIV SECTIONS FOR THE DETERMINATION OF PERMEABlLfTY PROFILES AND DEPOSITIONAL ENVIRONMENTS WITHIN ZOIVE 1 OF oes 
Y·037D 111 (SANDPIPERJ EXPLORATORY WELL. 



DEPOSIT/ONAl. 
ENVIRONMENT 

BRAIDPLAIN 
PROGRADATION 
AND RETREAT 
PHASES FROM 

THEMID
BRAIDPLAIN TO 

THE UPPER 
PARTS OF THE 
MAINACTIVE 

FAN AND THEN 
BACK TO THE 

LOWER 
BRAIDPLAIN 

FACIES ASSOCIA nON AND 
(VERTICAL FACIES rYPESJ 

V. MIDDLE TO DISTAL BRAIDPLAIN 

(Gm, GSx, Sx, SmJ 

V. DISTAL BRAIDPLAIN 

(GSm, SI, MI,MdJ 

II. UPPER TO MIDDLE BRAIDPLAIN. 

Gm, Gm r, Gms, Sm, M 

CORE CHARACTERISTICS 

8(}-90% fine to coarse grained sandstones 

and conglomeritic lag deposits organized in 
stacked~ mullistoried fining upwards 
sequences with erosional bases. The basal 
lags al the bottom of the FUS have a 
maximum diameter of 3cm. 

Sharp decrease in size and percentage of 
chert pehbles fram If and 1/1, and a large 
increase in sand content. 80-90% fine to 
coarse grained sandstones, and less than 
10% gravel. Organized in stacked fining 
upwards sequences and laminated and 
I;rossbedded sandstones~ The fining upwards 
sequences contain erosional bases and a fine 
grained pebble, sand la,<i (GSm), graduallv 
grading upwards to a laminated sandstone 
and then- to a verY thin shale cap (photo /. 

Gravel content bstween 30 and 50%. 
Organi7ed In stacked, multi storied well
deve!oped fining-upward channe! sequences 
that contain erosional bases of poorly sorted 
conglomerate to well sorted fine grained 
conglomerate~ to matrix supported 
conglomeratesl to floating pebbles and well 
sorted sandstones. Some of these channel 
sequences are capped by a thin share drape. 
Vertical facies trend is Gm--GmJ-Grns-Sm-M_ 

THIN SECTION DESCRIPnON 

Poorly sorted fine to coarse grained quartz-chert 
sandstone with scattered granule to pebbles size 
chert clasts (GSmJ. Chert clasts are angular to 
subrounded. Micro-fining upwards sequencesr 
High percentage of Kaolinite. Pyrit9 is found 
within lhe interstices and within the pebble size 
tripo/itic clasts. 

Mostly fine to coarse grained sandstones with 
scattered granule to pebble size chert and poly
crystalline quartz. 

The conglomerates consisted of poorly sorted 
chert pebble clasts and subordinate 
polycrystalline quartz. Over 95% of the pebbles 
are chert. The chert is mostly subrounded 
whereas the polycrystaJline chert can be 
sUbanguJar. A majarity af the chert pebbles are 
tripolitic. Matrix material Includes poor to 
moderatelv well sorted fine to coarse grained 
chert and quartz.. These cfasts are angular to 
subrounded in appearance. Interstitial material 
includes secondary authigenic kaolinite and 
siderite. 

PERMEABIUTY 
PROFILE 

Permeability range between 13 and 52 mD. The coarse 
grained clasts of the basal lag contain the highest 
permeabilities which may be over 170 mD, althDugh the 
poor sorting and abundance of authigenic kaolinite deg,.aded 
the permeability within some of these rocks. 

VariabJer but mostlv moderate penneabilities ranging from 
5.0 to 17OmD1 but mostly lower than SOroD. Porosities 
range between 12 and 18%. The/owerpermeabilitiesare 
due to the finer grain sizes and abundant interstitial siderite 
cement and authigenic kaolinite. The better sorted coarser 
grained samples contained very good permeabiJities and very 
little interstitial authigenic material (see photo/. 

Permeabj/jues are extremely variable although mosf 
permeabilities are lower than BOmD (see graph). 
Permeabilites vary according to the sortingl grain size and 
amount and type of interstitial kaolinite and siderite 
cements. Quartz overgrowths also reduce permeability~ 
Some secandary alSSoJutian of r:hert grains has occurred but 
it is not wjdespread~ 



lMIDDLE TO UPPER BRAIDPLAIN 

Gm.Gms 

If. MIDDLE TO UPPER BRAIDPLAIN. 

Gm" Gmu Gms, Sm 

Gravel content> 70%. Max. clast size over 
4--in diameter. Massive cf:1ert pebble (90%) 

and po/ycrysta/line quartz pebbles 
conglomerate. 
Predominately grain supported facies of Gm. 
No vertical facies trends except for some 
reversely graded beds. 

Gravel content:> 50%, maximum clast size 
over 2" in diameter. Organized within upward 
fining sequences 'from 4" to 4' thick. 
T ypicallV these units are pebhle supported at 
the base (Gm), grading up to matrix 
supported IGms), to floating pebbles and 
capped by well sorted sandstones ISm/. 
Sequences generally thicken and coarsen 
upwards towards facies as.~ocjation L 

Over 60% of the gravel co~ists of poorly sorted 
tripofitic and nontripolitic, subrounded chen 
pebbles_ The polycrystalJine quartz are 
subangular to subrounded" very coarse to 
granule in size~ The matrix consists of angular to 
subrounded fine to very coarse grained mono 
and polycrystalline quartz and tJipolitic and non 
tripolitic chert_ Some of the finer grained matrix 
are rep/aced by siderite cement and authigenic 
kaoOnite_ 

PermeabjJjties average about 25 Md, although certain zones 
may be as high as 200mD_ The grain supported 
cpnglomerates have higher prmeabilities (han the matrix 
supported conglomerates. Permeabilties can vary over a 
very short interval. Intem~flv, permeability varies according 
to the amount of poorly sorted fine grained matrix, the 
abundance of siderfte and kaolinite cements~ The abundant 
tripo/itic chert significantly reduces the effective porosity in 
the rock. Secondary dissolution of grains occurs within the 
coarsest fraction of the conglomerates. 

The highest porosities and permeabilites are found within 
those rocks that contain the coarsest matrix material. The 
lowest values are found in those rocks that are most pooriV 
sDFledl the finest matrix and the greatest a";'ount of siderite 
-and kaolinite_ The facies with the highest permeabilities are 
found within the well sorted conglomerates of facies unit 
Gm, just above the channel/ag deposits of Gm. and the well 
sorted coarse graim~d sandstones of facies unit Sm that cap 

Chert Pebbles of tripolitie and nontripolitic chert 
and a matrix of fine grained quartz and medium 
to granule size clast of chert which contain 
interstitial claYI siderite cement and kaolinite# 
Chert makes up over 90 % of the pebble size 
clasts with lesser amounts of polycrystalfim:l 
quartz. The pebble size clasts are mostly 
$ubrounded whereas the finer grained matrix 
clasts contain abundant subangular grains. - the channel deposits~ 

TABLE 2. The alluvial fan advance and retreat phases of deposition for zones 2 and 3 in the Sandpiper DeS Y-0370#1 exploratory well. Beaufort Sea. Alaska. 




