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FeO

MnO
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C8088

€8089,C€8090
C8091

€8092
€8093

GRC 2166
€8094

MWG Sample

Dark grey to black, vesicular, and coarsely diktytaxitic
basalt. Intraflow structures poorly exposed due to
weathering. Poorly developed entablature with columns
averaging ~0.5m in diameter with horizontal joints about
1.5m apart; colonnade columns, where visible, are wedge
shaped, and are about 2m in diameter with horizontal
joints about 1m apart. Prominent vertical shears of

tectonic origin trend ~N2CE.
Type 1 intraflow structure, (Long, 1978 and this report)

.61

54.58|1.79

Black to dark grey, glassy to diktytaxitic basalt with
abundant plagioclase microphenocrysts about 1mm in length.
Top of exposure is only slightly vesicular. Entablature
poorly developed with columns 0.1 to 0.25m in diameter,
horizontal joints about 1m apart. Colonnade columns,

are irregular, wedge shaped about 0.6m diameter with
minor horizontal joints about 0.3m apart.

Type 1 intraflow structure.

8

Dark grey to black basalt with rare plagioclase phenocrysts
0.3 to 2.0cm in length. Rubbly flow top ~2m thick occurs
locally. Vesicles up to 2cm in diameter occur in the

upper part of the flow with local concentrations of
vesicles in the upper third.

Upper entablature is hackly with column diameters 0.1 to
0.3m; cross fractures about 0.4m apart. The central

part of the flow consists of hackly slender columns

0.2 to 0.4m in diameter with column-subdividing fractures
less than 0.10m apart. Fractures that subdivide columns
are fluted and smooth; whereas column-defining fractures
are rough and nearly planar. Entablature grades into
lower colonnade where columns average 1.5m in diameter.
Prominent tectonic fracture, N16°W strike, 60°E dip,

occurs in the colonnade.
Type 2 intraflow structure.

Thin, medium grey to dark grey, diktytaxitic basalt flow \
with vesicle cylinders common in the lower half of the flow
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and vesicle sheets locally in the upper to middle third.
A vesicular top grades downward into the diktytaxitic
part of the flow. No distinct entablature is present
and colonnade columns are very irregular.
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Type 1intraflow structure. /

Black,aphyric,microvesicular basalt with abundant tiny
plagioclase laths. Thin (1 to 2m) red clinker flow top
breccia; vesicles below flow top are up to 7cm in diameter
grading downward to microvesicles. Intraflow structures

are typical of a tiered flow (Long, 1978). Columns in

lower part of entablature 0.3 to 0.5m in diameter; horizontal
joints about 1m apart. Entablature grades into colonnade
with 0.5 to 0.7m diameter columns.

Type 2 intraflow structure.

27

53.45| 1.83

15.22

9.67

<22
.01

251 | 1.20.0 .31 2 N

Dark grey, diktytaxitic basalt with 7 to 10% plagioclase
microphenocrysts averaging 1.5mm in length. Thin (2m)
flow top and vesicular zone is spheroidally weathered

with vesicles up to 4 to 5cm in diameter. Upper part

of entablature is hackly with fluted fractures and 0.2 to
0.3mdiameter columns. Column diameter increases slightly
toward center of flow to 0.3 to 0.4m with horizontal
fractures about 1.5m apart. Lower entablature columns

are 0.4 to 0.6m diameter with minor local rubbly zone at
base of entablature. Stout columns in the colonnade range
from 0.7 to 3m in diameter in different parts of the flow.
Colonnade typically weathers a reddish color. Tectonic
fracture with N40°W trend intersects line of section.

Type 2 intraflow structure.
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Dark grey to black microvesicular basalt with abundant

tiny plagioclase microphenocrysts. Flow top is irregularly
jointed, weathers green to reddish with minor flow breccia
and lenses of secondary chert. Slightly developed upper
colonnade. Flow top grades downward into vesicular, spheroidal
weathering zone with fragments ranging from 50 to 20mm in
size and maximum vesicle size of 4 to 5cm; considerable

dark green chlorophaeite is present. Entablature is fine
grained,black glassy basalt with very rare,small plagioclase
phenocrysts. Hackly,irregular columns range from 0.3 to
0.8m in diameter and are subdivided by cross fractures into
15 to 20cm blocks. Both smooth fluted and rough planar
fracture surfaces are present. Colonnade is medium grained,
dark grey basalt in sharp contact with overlying

entablature. Irregular blocky columns are 1.0 to

1.7m diameter with horizontal joints about 1m apart.
Colonnade weathers to a distinctive reddish-rust color.
Tectonic fracture trending N62°W, intersects line of section.
Type 2 gradational to type 3 intraflow structure,
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Dark grey to black basalt with sparse plagioclase phenocrysts
up to 0.5cm in length. Upper part is rubbly flow top to
entablature with local spheroidal weathering and discontinuous
flow Tobes. Entablature makes up bulk of flow with columns
0.5 to Im diameter giving rise to rubble 0.3 to 0.2 inches in
size. Thin colonnade at base of flow with column diameter
ranging from 0.6 to 1.5m and with horizontal joints .8m apart.
Type 3 gradational to type 2 intraflow structure.
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Thin flow which in some places is two flow units. The upper
unit is medium grey, aphyric basalt with coarse diktytaxitic
texture. Thin,vesicular flow top grades downward to blocky
entablature (0.5m diameter) which in turn grades into stubby
colonnade with 1 to 2m columns. Upper flow unit contains
vesicle cylinders and vesicle sheets. Lower flow unit consists
of dark grey to black basalt in wedge-shaped, irregular columns
1.5 to 2.5m in diameter which taper slightly to very thin,
vesicular top. Vesicle cylinders are present and locally there
are diktytaxitic layers. Base of flow is tightly welded to
flow top-breccia of flow below.

Type 3 intraflow structure.
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Thick flow of dark grey, fine-grained basalt with abundant
tiny plagioclase laths 0.5 to Tmm in length. Upper part
of flow is about 20m of flow-top breccia consisting
largely of 8 to 0.5cm angular fragments partially welded
together to form a porous mass. Chilled rinds are visible
on some fragments. Breccia has a distinct bluish

cast locally. 1In places within the breccia, there are
lenses of columnar-jointed basalt. Entablature below
flow-top breccia is vesicular with gently fanning

slender columns 0.3 to 0.4m diameter with horizontal
joints about 0.3m apart. Grades downward to nonvesicular
basalt and to locally thick columns up to 0.75m in
diameter. In places, this is the colonnade of an upper
flow unit with columns up to 1.5m in diameter. Wavey
columns below this horizon are locally vesicular,

about 0.5m in diameter and grade into a thin colonnade
with stubby columns 1 to 2m in diameter, with irregular
shape and horizontal joints about 1m apart. There are

1 to 2m of relief on the top of the flow below.

Type 3 gradational to type 2 intraflow structure.
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Very thick flow composed principally of black, glassy, aphyric
basalt with abundant tiny, plagioclase microphenocrysts.
Uppermost 42m is flow-top breccia consisting of massive,
vesicular, and amygdaloidal clasts of basalts which

range from 2 to 30cm in diameter. Clasts are typically
angular to subrounded and are welded and or "cemented"

by up to 20% fine-grained basalt matrix. The breccia

has an overall faint purplish to reddish hue with a bluish
cast in the upper 10 to 15m locally. Yellowish material
coats fine breccia material in places. Degree of
vesicularity varies considerably, but there is a general
tendancy for vesicular clasts to dominate the upper

parts of the breccia (75%)3whereas in the lower parts,
vesicular and non-vesicular clasts are about equal in
abundance. Lenses of columnar basalt occur in places

in the breccia; some with a dike-1ike appearance. Upper
entablature consists of hackly, black basalt with 0.3m
column diameter. Column-defining fractures are rough
textured and flat;whereas secondary fractures are typically
fluted and show alternating rough and smooth surfaces.
These columns grade downward into slender columns averaging
0.2m diameter with a very angular fracture pattern, and
then to hackly entablature with poorly defined columns.
About 60m from top of flow, well-formed columns locally
reach 0.4m diameter. Fluting on column faces is common.
Parts of the lower entablature show a distinct fanning
pattern created by radial and concentric joint sets that
have the overall appearance of filled lava tubes. Contact
with underlying , relatively thin colonnade is sharp. Columns
average 0.8m in diameter with horizontal jointing about
0.7m apart, and are moderatley well formed with a wavey
character. 75% of the column surfaces are "smooth" and

25% "rough". Smooth fracture surfaces are commonly
interrupted by rough textured "bands" about 3cm wide.
Tectonic fractures and shears are common and are best
expressed in the breccia, and trend N70°E to N50°W.

Type 3 intraflow structure.

Relatively coarse grained, diktytaxitic, medium-grey basa]t.\\
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Large poorly formed columns 1 to 1.2m in diameter taper
slightly toward top, especially in vesicular zone which
has vesicles with maximum diameter 4 to 5cm. Entablature
is poorly defined with column diameters 0.5 to Im and
horizontal joints 0.5 to 0.3m apart. Column faces near
the base of the flow typically show small columnar cooling
joints (5cm diameter) perpendicular to the main column

faces.,
Type 1 intraflow structure.
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Medium grained, dark grey, aphyric basalt, slightly to
moderately diktytaxitic. Gross intraflow structures
similar to EN/GR-11, except that vesicular basalt
occupies much of the flow and there is a minor flow lobe
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near the top of the flow with its own intraflow structures.
Type 1 intraflow structure. //

Partly exposed flow of medium grey to dark grey, vesicular
aphyric basalt. Near top, vesicles are approximately

0.5 to 1cm in diameter, locally silica filled; less
abundant in lowest exposure. Columnar jointing very
poorly developed, entablature barely exposed.
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LITHOLOGY part of

this diagram are

from Taylor (1976).

Columbia
River

Diktytaxitic, aphyric to slightly phyric basalt. Large, ir-
regular columns (ave. diameter = 2.4m) occupy lower two-thirds
of flow, grading upward to crude entablature and a poorly ex-
posed flow top. The flow is overlain by the Vantage Sandstone.
Vesicle cylinders and sheets are common especially in the lower
two-thirds of the flow. Weathers reddish brown. Flow pinches
locally to approximately two-thirds of the thickness shown.
Type 1 intraflow structure. (Long, 1978 and this report)
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Diktytaxitic, aphyric basalt flow overlying the main Rocky
Coulee Flow. Moderate to small diameter columns; crude enta-
blature grades into vesicular flow top. Vesicle cylinders are
common in lower half of flow. Local palagonitic pillowed zones
occur in upper part of flow. A discontinuous, thin, red
clinker flow lobe caps the flow.

Type 2 intraflow structure.

Aphyric to very sparsely phyric dense basalt flow developed as

a series of tiers. Basal colonnade consists of stubby columns,
1.9 to 2.5m in diameter, separated by knobby platty zones.
Fanning entablature columns (0.8m diameter) occur above the
colonnade. Locally, secondary colonnade (1.6m diameter) occurs
within the entablature which becomes increasingly "brickbat"
jointed toward the middle of the flow. Vesicular, crudely
jointed, upper colonnade locally has a pillowed flow top with
minor palagonitic coatings on pillows. A thick flow lobe caps
the main flow; it has its own colonnade and entablature and a
discontinuous pillowed to rubbly flow top.

Type 2 intraflow structure.
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Diktytaxitic aphyric basalt flow with 1.0 to 1.5m diameter
columns at base grading upward to slightly smaller columns 1.0
to 0.5m diameter which in turn grade upward to thin, vesicular
"entablature" and rubbly flow top. A one to two m thick flow
lobe occurs at top. Petrified wood occurs between the flow
lobe and the overlying Rocky Coulee Flow. Columns weather
reddish brown.

Type 1 intraflow structure.
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Flows I and H are here considered a single tiered flow with
multiple tiers of entablature and colonnade similar to the
Rocky Coulee Flow. Column diameters range from 1.5m near the
base to 0.2m diameter in parts of the entablature. Near the
base, the basalt is dense and sparsely phyric. Upward from
the center of the flow, vesicle layers are developed. The top
of flow H is defined by a particularly sharp decrease in vesi-
cle abundance but cooling joints pass through this "contact" and
hence H and I are considered to be a single thick cooling unit.
The flow is capped by a red clinker top about 6m thick.

Type 2 intraflow structure.
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Diktytaxitic, aphyric basalt. Columns are irregular and up to
2.5m in diameter. Pipe vesicles occur up to 0.5m from base.
Vesicle cylinders are common and characteristically start about
0.5m above base. Columns taper slightly towards top and merge
with a thin rubbly flow top.

Type 1 intraflow structure.
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Aphyric to sparsely phyric basalt. Basal columns poorly formed,
1.5 to 1.0m diameter. The colonnade has an irregular, digitiform
contact with the overlying entablature (0.5m diameter columns).
Vesicle abundance increases in upper one-third of flow grading
into rubbly flow top where 0.1 to 0.6m diameter cavities occur
locally. Topmost 0.7m is one to two layers of very vesicular
basalt with recumbent folds in top layer. Colonnade contains
vesicular blocks or zones up to 20m diameter referred to as spir-
acles by Taylor (1976). Some of these features are associated
with subhorizontal fracture planes but most appear to originate

at the base of the flow (unexposed).
Type 3 intraflow structure.
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Aphyric to very sparsely phyric basalt. Sharp contact between
entablature and colonnade. Well-formed colonnade columns, 1.0
to 0.6m diameter, that show pinch-and-swell and "stack of dutch
cheeses" features. Entablature is locally hackly with inverted
and upright fanning columns. Local secondary colonnade and
poorly developed, irregular upper colonnade occur. Vesicle
abundance increases upward in the upper third of the flow to a
rubbly, slightly pillowed flow top. Four flow lobes occur
above the primary flow top.

Type 3 intraflow structure.

Aphyric basalt. * Exposure limited to the upper part of flow.
Flow top is pillowed (0.7 to 1.0m diameter pillows) and partly
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brecciated and vesicular, especially near top. Pillows commonly
show stretched or flattened vesicles. Actual contact with over-
lying flow is not exposed, pillowed zone is part of Flow D on
the basis of chemistry. Exposures below the pillowed zone show
sporatic vesicles and a crude upper colonnade that grades down-
ward to hackly entablature.Type 3 intraflow structure,

54.50
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arbitrarily set at 2.00 weight percent.

*One standard deviation values are given below the entry for each oxide.

A11 analyses by X-ray fluorescence on a volatile free basis. Eeola s

Stratigraphic nomenclature after Mackin (1961) and Taylor (1976).
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SCHWANA STRATIGRAPHIC SECTION

SAMPLE NUMBER LITHOLOGY CHEMISTRY Number of | MAGNETIC
Ana]yfes

= 1 L POEARITY

: LR i | | e
i Si0, ]T102 ‘A1203{Fe203‘ FeO = MnO | MgO0 ; Ca0 !NaZO K20 | P05
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SG/GR-7 (F : : - |
/ - (F) C9045 Aphyric to slightly phyric basalt. Basal columns 0.2 to 0.5m 52,78 1.92.118.77 2.00 10.53 22 4.93 '9.03
|
\

diameter.
Type 3 intraflow structure. (Long, 1978 and this report)
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Covered except for vesicular flow top with pillowed carapace
69.5m : (see Sentinel Bluffs section). Abrupt changes in vesicle abun-
‘ dance suggest flow lobes in upper part of flow. Pillows at top . i ;
S6/GR-8 (E) are 0.5 to 1.5m diameter. Interstices are palagonite and pillow  [53.34 1.92 14.77 2.00 10.71 .22 4.59 8.52|2.35 |1.29 .29 | .
COVERED ZONE margins are distinctly more vesicular than pillow interiors. TG L el s 0 7 e s )€ = R RS 0 Gl R O e e 0 N
228" ! Petrified wood occurs as float near the contact between flows
EandEE:
Type 3 intraflow structure.

o

i L
. !'f ,\ \ . = } Aphyric basalt. Irregular, undulatory columns at base with
- , Nlend o near-horizontal and near-vertical tectonic fractures super-
P a e imposed across cooling joints. Sharp to slightly gradational
sedil : o contact between entablature and colonnade. Entablature shows
e < hackly jointing with localized tectonic fractures concentrated R 50 2 6 ilAc4e. 2. 0081126 .22 33 47 |7 22 9 5] (] 82 | 3§ a8 N
. e G N ; in zones of intense brittle deformation. Fractures are ST 0 fc AR .14 .00 S T—— il e e e
262 \\; B \ : = c8023 typically stained with hematite and limonite. Isolated expo-
i e S:] sures at the extreme base of Flow D may or may not be part of
| Nf '4 e €8022 Flow D. They could represent a separate flow but no positive 5

80m

s

SG/GR-9 (D)

evidence to this effect has been found.
Type 3 intraflow structure.

COVERED ZONE \

BREAK IN SECTION : % :

COVERED ZONE

Vesicular, aphyric basalt with irregular fracture distribution. :

Some large columns typical of upper colonnade. Vesicle abun- | |

dance increases at top of exposure suggefting an eroded flow

top. Base of best exposure is a narrow (~15cm) tectonic breccia ‘

zone but no evidence of a flow base is exposed. Stratigraphic 55'%2 ]'gg ]4'?2 = 9'2? 'S? 3'33 7'%2 2'?2 !]'gg ‘8}
relationship of Flow C to Flow B is uncertain. Lithology is é : L g 4 i L o e e
consistent with its being the top of Flow B but magnetic
inclination suggests this may not be the case.

Type 3 intraflow structure.

25m

SG/6R-T0 ()

g2

Aphyric basalt. Basal columns are 0.5 to 0.8m in diameter. [ 1
Entablature and colonnade both show tectonic fractures with i f ‘

local preferred orientation as conjugate joint sets which
transect cooling joints. The contact between entablature and b5 A1 1.95 qa/82 200 9032 .21 1343 7.26 240 1.96 .31 7 N
colonnade is sharp, and fanning columns are common in the upper 9 0 27 250 (DG SRR e
entablature which grades upward to discontinuously exposed
vesicular basalt. This part of the flow is aphyric and contains
abundant vesicles with white siliceous fillings Tithologically
very similar to Taylor's (1976) Flow C.

Type 3 intraflow structure.
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8m : : :
% €9035,C8013 Aphyric basalt. Poorly exposed vesicular flow top suggestive
S6/GR-12 (A) e of upper colonnade. Vesicles are filled or partly filled with 55:8% ]'8§ 14'?2 2.00 ]0‘8? ‘S? 3'8§ 7'8? 2'%% ]'gg 'g? 2 R

Jr26l e ‘—“77x59034’C8O]2 white siliceous material.

L | i L I + | L I

SG denotes Sentinel Gap Letter designations in vertical scaie:
section designation parentheses and as . ' *One standard deviation values are given below the entry for each oxide Strati ni 1 i in (
) ek S ; _ ; Stratigraphic nomenclature after Mackin (1961) and Taylor (1976).
for a composite of the referred to under 1 inch equals 32.8 feet (10 meters) A11 analyses by X-ray fluorescence on a volatile free basis. Fe)03 is
Sentinel Bluffs and LITHOLOGY part of arbitrarily set at 2.00 weight percent.

Schqua stratigraphic this diagram are
sections. from Tay]or (]976). RHO-BWI'ST"4
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