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LITHOLOGY, SEDIMENTARY STRUCTURES, AND PETROLOGY

Fine-grained sandstone with
cross-bedding. Sandstone has
5.69% porosity and 0.068 mD

of permeability. (10,572 ft)

Bioturbated silty, sandstone
with 3.88% porosity and
0.007 mD of permeability.
(10,650.5)

Highly bioturbated
siltstone. (10,501 ft)

Fine-grained, laminated
sandstone with slightly open,
vertical, natural fracture.
Sandstone has 5.13% porosity
and 0.007 mD of permeability.

(10,579.7 jt)

Thin section showing moderately
sorted, sub-rounded quartz grains in

Bioturbated, fine-grained
sandstone with carbonaceous,
shaly laminations. (10,519 ft)

Thin section showing moderately
sorted, sub-rounded to sub-angular
quartz grains in a clay matrix.*

Bioturbated,
carbonaceous shale.
(10,553 ft) Bioturbated, siltstone with

Massive, fine-grained sandstone

with 5.74% porosity and 0.042
mD of permeability. (10,612 ft)

Fine-grained sandstone with
horizontal laminations.
Sandstone has §5.43% porosity
and 0.007 mD of permeability.

a clay matrix with carbonaceous(?) (10,677 ft)
stringers. Note lack of porosity.™

laminated shale above and
below. (10,557 ft)

pore

pore

Fine-grained sandstone with rip-

up clasts of red mudstone and
carbonaceous shale. (10,633 ft)

Thin section showing poorly sorted,
sub-rounded to sub-angular quartz
grains in a minor amount of clay
matrix. Note lack of porosity.*

Very low-angle cross-beds
in fine-grained sandstone.

Sandstone has §5.72% porosity
and 0.007 mD of permeability.

(10,700 ft)

Thin section showing poorly sorted,
sub-rounded to sub-angular quartz
grains with sparse clay. Note more
porosity than other samples.*

*Note: Photomicrogaphs taken in plane(top) and cross polarized (bottom ) light at 2.5 times magnification.

Pyrite nodule and
carbonaceous clasts in

sandstone. (10,559 ft)

Clay-rich clast(?)

pore

Thin section showing clay-rich
clast(?) surrounded by poorly sorted,
sub-rounded to sub-angular quartz
grains in a clay matrix. Note sparse
porosity visible in top photo.*

Convoluted bedding in
fine-grained sandstone.
Sandstone has 7.74%
porosity and 0.054 mD of
permeability. (10,7006.5 ft)

Open fracture in homogenous,
fine-grained sandstone with slight
iron(?) staining. Sandstone has
2.06% porosity. (10,532 ft)

Open, vertical
fracture in
sandstone. No
discernable
mineralization
in fracture.

(10,590 ft)

Table of fractures from NBU 253 Well.

Thin section showing poorly
sorted, sub-rounded to sub-
angular quartz grains in a
clay matrix.*

Fine-grained

Vertical, closed fracture
offsetting laminated
sandstone on left with
massive sandstone

on the right. Amount
of offset is unknown.
Fracture is offset at top
by thin, carbonaceous
laminae. (10,631 ft)

angle cross-bedding
and vertical natural
fractures. Fractures
are offset and
slightly open with no
discernable mineral

full. (10,718 ft)

Length of Fractures

14

12

10

Number of Fractures
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0.2-0.3 0.4-0.5 0.6-0.7 0.8-0.9 >1
Length (tenths of feet)

Many fractures extend beyond the core and are probably longer than shown

Bar graph showing the variation in vertical length of fractures

sandstone with high-

TIGHT ROCK ANALYSIS

Tight Rock Analysis Results
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SUMMARY

« The Upper Cretaceous Mesaverde Group was deposited in Campanian time
in offshore marine, nearshore marine, coastal plain, and braided stream
environments during the last phase of the Cretaceous Interior Seaway.

« The GNB field produces co-mingled gas from tight sandstones of the
Tertiary Wasatch Formation and Cretaceous Mesaverde Group. As of
December 2009, over 2 TCF of gas has been produced from over 3500 wells.

« Study of core from the Natural Buttes Unit 253, shows that the Castlegate
and Sego Sandstones (lower Mesaverde Group) are mostly sandstones
interbedded with carbonaceous siltstone and shale. Individual sandstones
range from very fine to fine grained and have low-angle cross-bedding,
small ripples, sparse burrows, and moderate bioturbation. At this location,
the Castlegate was deposited in a marginal marine to lower coastal plain
environment, whereas the Sego is a marginal marine deposit.

« Twenty-six fractures were identified in the core. Most are natural fractures
between 2 and 9 inches (8 - 20 cm) long vertically, closed or slightly open
with no discernable mineralization. Several appear to be drilling induced
and are nearly vertical and very long (~2.5 ft [0.75 m]) with no mineralization.

« Tight Rock Analysis shows that the Castlegate and Sego Sandstones have low
porosity (2.06 to 7.74%) and low permeability (0.007 to 0.068 mD).
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