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The flood basalt flows of the Columbia River Basalt Group (CRBG) cover more than
64,000 square miles in Washington, Oregon, and western Idaho. Throughout most
of their extent, CRBG flows host aquifer systems that are utilized to supply water for
a wide range of domestic, municipal, industrial, and agricultural uses. However in
the past several decades, awareness of the limits and vulnerability of this
groundwater resource have been the focus of much concern, debate, and study.
A critical aspect to all of these discussions is the hydrogeologic characteristics and
behavior of CRBG aquifer systems. A number of hydrogeologic studies of the
CRBG have been conducted over the last 40 years. Despite the all of this work,
there still remains substantial disagreement regarding the hydraulic characteristics
and hydrologic behavior of CRBG aquifer systems on both the local and regional
scale. Much of this confusion and disagreement is in large part due to unfamiliarity
with CRBG physical geology and under estimating its importance and the role of
other geologic features on controlling CRBG aquifer systems.
This handout was designed to provide a very brief introduction to geology and
physical characteristics of CRBG flows and how these physical characteristic, along
with secondary factors, influence and control the occurrence of groundwater within
the CRBG. The information contained within this handout has been summarized
from a large number of geologic and hydrogeologic studies, published papers, and
abstracts. For the sake of clarity (and brevity), bibliographic citations have been
omitted from this handout. However the bibliography of the geology/hydrogeology of
the CRBG, which was used in the preparation of this handout, is available on the
new U.S. Geological Survey/Oregon Water Resources Department “Columbia River
Basalt Stratigraphy in Oregon” website at http://or.water.usgs.gov/projs_dir/crbg/ .
This website also contains some additional information on the general geology of
the CRBG and subsurface CRBG data collected from the geologic logging of deep
water supply wells in the Umatilla/Walla Walla Basins, The Dalles area, and the
northern Willamette Valley.
It is our hope that this handout will help promote a wider understanding of the
physical characteristics and geology of the CRBG and foster a better understanding
of the hydrogeology of the CRBG aquifer system. If you have any questions, please
feel free to contact us at (509) 735-7135.

Stratigraphy (mappable units) of the Columbia River
Basalt Group (CRBG)

As this chart shows, the
CRBG has been divided into
a host of regionally mappable
units based on variations in
physical, chemical, and
paleomagnetic properties (N
= normal polarity, R =
reversed polarity, E =
excursional polarity, and T =
transitional polarity) - in
regard to stratigraphic
position (sequence) - that
exist between flows and
packets of flows.
In the Umatilla Basin area the
CRBG is represented mostly
by three formations, from
youngest to oldest, the
Saddle Mountains,
Wanapum, and Grande
Ronde Basalts. These
formations can further
subdivided into a number of
members defined, as are the
formations, on the basis of a
combination of unique
physical, geochemical, and
paleomagnetic
characteristics. These
members can be, and often
are, further subdivided into
flow units.

Relationship of sediments to the Columbia River Basalt Group (CRBG) in the Columbia Basin area
During and after CRBG eruptive activity, lakes, streams, and rivers re-established themselves and deposited sediments across the Columbia Plateau. As a result
we find that sediments are interfingered with, and overlie the CRBG units (indicated in red). The presence of these sediments provides a natural, mappable
subdivision between those sediments intercalated with the CRBG (interbeds) and those that overlie the CRBG (suprabasalt sediments).
Sediments associated with CRBG span an age range from approximately 16.5 to 5 million years ago. Sediments interbedded with the CRBG (indicated in yellow)
in the Columbia Basin area are considered part of the Ellensburg Formation and are identified on the basis of which CRBG units overlie and underlie the
sedimentary interbed. Sediments overlying the CRBG and underlying the younger sediments (loess, Missoula Flood deposits, recent alluvium) in the Columbia
Basin GWMA area belong to the Ringold Formation.

Geometry of CRBG lava flows
Sheet vs. Compound Flows. Rate/volume of lava
erupted, lava composition/temperature, vent geometry,
topography, and environmental conditions all play
significant roles in controlling the overall geometry of
individual basalt lava flows or flow fields. There are two
basic types of flow geometries – compound flows and
sheet flows.
A compound flow develops when the lava flow advances
away from its vent in a series of distinct and separate
lobes (flows) of flowing lava. Each lobe is subsequently
covered by later lava lobes as the emplacement of lava
continues. This results in the accumulation of elongated
bodies of basalt with numerous, local, discontinuous, and
relatively thin layers of basalt lava. In comparison, a sheet
flow results when lava is erupted at a high rate and is able
to advance away from the vent as a single, uniform,
moving sheet of lava. This type of flow consists of a
relatively extensive, single layer or “sheet” of lava. Each
successive sheet flow will create a similar layer, with the
flow boundaries being delineated by distinct vesicular flow
tops and flow bottoms.
Individual, large volume CRBG flows (especially Grande
Ronde and Wanapum Basalts) display characteristics
consistent with sheet flows. CRBG flows typically only
exhibit the complex features associated with compound
flows at their flow margins.

Typical Basalt Eruptions

CRBG Eruptions

Small compound flows
Large sheet flows

Columbia River Basalt Group Flow Size
Although CRBG eruptive
activity spanned an 11 million
year period, most (>96
volume %) of the CRBG flows
were emplaced over a 2.5
million year period from 17 to
14.5 million years ago.
Most CRBG flows were of
extraordinary size, commonly
exceeding 120 to 240 cubic
miles in volume, traveled
many hundreds of miles from
their linear vent systems, and
covered many thousands of
square miles. These gigantic
CRBG flows are hundreds to
thousands of times larger
than any lava flow erupted
during recorded human
history, as a same-scale
comparison between a CRBG
flow, the Laki (Skaftar Fires)
flow field (largest basalt
eruption in recorded human
history), and the ongoing Pu’u
O’o eruption on the Big Island
of Hawaii shows. CRBG
flows represent the largest
individual lava flows know on
the earth.
Field evidence also indicates
that these gigantic CRBG
flows were very rapidly
emplaced – on the order of a
few weeks to less than six
months.

(456 cubic miles)
(3.6 cubic miles)

CRBG flows all have the same three-part internal arrangement of
“intraflow” structures. These structures originated either during the
emplacement of the flow or during the cooling and solidification of the
lava after it ceased flowing. These features can be divided into a flow
top, flow interior, and flow bottom. The combination of a flow top of one
flow and the flow bottom of the overlying flow is commonly referred to
as an interflow zone.
The flow top (pink) is the crust that formed on the top of a molten lava
flow. Flow tops commonly consist of glassy to very fine-grained basalt
that is riddled with countless vesicles. Vesicles represent gas bubbles
that were trapped (frozen) as the flow solidified. Two types of CRBG
flow tops: simple vesicular flow top: glassy to fine-grained basalt that
displays a rapid increase in the density of vesicles as you near the top
of the flow. Vesicles may be isolated or interconnected, resulting
respectively in lower and higher permeability and effective porosity.
Tensional cooling joints, related to flow top formation/flow
emplacement, can augment the overall permeability of this feature.
flow top breccia: angular, scoriaceous to vesicular fragments of
basaltic rubble that lies above a zone of non-fragmented, vesicular to
vuggy basalt. Flow top breccias can be very thick (over half the flow
thickness - more than 50 ft-thick in some cases) and laterally
extensive.
CRBG flow interiors (brown) typically consist of dense, non-vesicular,
glassy to crystalline basalt that contains numerous contraction joints
(termed “cooling joints”) that formed when the lava solidified. Cooling
joints are typically filled (75 to >99%) with secondary minerals. Give
this, in their undisturbed state cooling joints are typically impermeable.
CRBG cooling joints most often form regular patterns or styles:
columnar-blocky jointing - typically displays a mostly vertical-oriented,
poorly to well-formed, polygonal columns that can range from 0.5 to
>10 ft in diameter. The vertical columns are often cut by horizontal to
subhorizontal cooling joints.
entablature-colonnade jointing - within a single flow, the entablature
consists of numerous, irregular jointed small columns to randomly
oriented cooling joints that abruptly overlie a thinner zone displaying
well-developed columnar jointing. The transition zone between the
entablature/basal colonnade is very narrow, generally less than several
inches in width. Typically the entablature is thicker than the basal
colonnade, often comprising two-thirds of the total flow thickness.
The physical characteristics of CRBG flow bottoms (green) are largely
dependent on the environmental conditions the molten lava
encountered as it was emplaced. If the advancing CRBG lava
encountered relatively dry ground conditions, the flow bottom that
results typically consists of a narrow (<3 ft-thick) zone of sparsely
vesicular, glassy to very fine-grained basalt. If advancing lava
encountered water or water-saturated, unconsolidated sediments, far
more complex flow bottom structures can form (e.g., pillow lava
complex).

Internal structure of CRBG flows

K: 10-2 to 10-5 m/s (104 to 10-1 ft/d)
Effective porosity: 6 to >25%

CRBG intraflow structures & their relevance to groundwater occurrence
CRBG intraflow zones typically host groundwater (aquifers) while the dense interiors of the
flows are usually confining layers (aquitards). In their undisturbed state, the layered CRBG
can consist of a series of confined aquifers.

Spring lines at interflow zones

Some secondary factors that impact
groundwater occurrence in the CRBG
Erosional Windows - CRBG aquifers
are typically separated from one
another by impermeable flow interiors,
but incision into the CRBG can breach
the flow interiors forming erosional
windows into deeper CRBG aquifers
creating potential recharge/discharge
areas or interconnecting several CRBG
aquifers

Flow Pinchouts – The termination of a
CRBG flow can result in the “merging”
of CRBG aquifers.

Faults are known to affect the
occurrence and movement of
groundwater through CRBG in a
number of ways including (1) by
forming barriers to the lateral and
vertical movement of groundwater, (2)
a series of faults can create a
hydrologically isolated area(s), (3)
providing a vertical pathway (of
varying length) for groundwater
movement allowing otherwise
confined CRBG aquifers to be in
direct hydrologic communication, and
(4) exposing interflow zones creating
local opportunities for aquifer
recharge and/or discharge.
Folds (mainly anticlines and monoclines) also affect the occurrence and movement of groundwater through CRBG aquifers. In many
cases, folds have been identified as groundwater barriers or impediments that either block or restrict lateral groundwater movement
through CRBG aquifers.

Stop 3
Stop 2
Stop 4

Stop 5

Stop 1

Map of the Odessa, Crab Creek, lower Lake Creek, and Canniwai Creek area and field trip stops: (1) Irby at Crab Creek, (2)
Irby Road north of Sullivan Lake, (3) Canniwai Creek, (4) BLM boat launch on Pacific Lake, and (5) Allington Bay on Pacific
Lake.

Stop 1: Irby Road at Crab Creek
At Irby we will briefly introduce: (1) the goals and objectives of the field trip, (2)
the basics of Columbia River basalt geology and hydrogeology in the northern
GWMA (summarized earlier in this guide), and (3) the history of the Crab Creek
system in Lincoln County. At this stop we also will describe the basic geology of
the area we are looking at, including potential implications for groundwater
occurrence and recharge in the northern GWMA.

View looking north, across the Crab
Creek bridge towards the bluff on the
north side of the coulee.

View looking south,
towards the bluff on the
south side of the coulee.

Approximate
position of
contact
between
Grande Ronde
Basalt and
Wanapum
Basalt

Stop 1: Irby Road at Crab Creek
The top of the Grande Ronde Basalt lies at, and near, the valley floor in the Crab
Creek coulee in the vicinity of Irby. In fact it commonly is exposed in this coulee
from the area of Irby, west approximately 18 miles to Stratford. Beneath the
coulee floor in this area, the top of the Grande Ronde Basalt commonly lies
beneath several tens of feet of Pleistocene Cataclysmic Flood gravels. To the
south, in the central to southern GWMA the top of Grande Ronde Basalt
generally is hundreds to over 1,000 feet below ground surface.

View looking west down Crab Creek from the bluff top
above Irby. The Grande Ronde Basalt generally forms the
lowest bench in this part of the coulee, or underlies the
gravels filling the coulee.

Stop 2: Irby Road north of Sullivan Lake.
The objective of this stop is to describe the basic geologic criteria used to
differentiate between Columbia River basalt units. At this stop we will compare
the basic physical characteristics of the Roza Member of the Wanapum Basalt to
those of the Sentinel Bluffs Member of the Grande Ronde Basalt (found at Stop
1).

Outcrop of the Roza Member, Wanapum Basalt at Stop
2. View of outcrop is generally looking to the north.
Columbia River basalt units identified on the basis of: (1)
physical appearance, (2) geochemistry, (3) magnetic
polarity, and (4) stratigraphic position.

Stop 3: Canniwai Creek.
The boundaries between successive Columbia River basalt layers, known as
interflow zones, consist of vesicular to rubbly basalt with and without sediment
(claystone, siltstone, sand, and gravel). Groundwater in the Columbia River
basalt predominantly is found within these interflow zones. These interflow
zones are separated by dense, hard columnar and entablature jointed basalt
rock, referred to as flow interiors. Where flow interiors are undisturbed (by
faults, erosion, and/or flow pinch outs) little to no groundwater can move
through them.

This natural spring has been present at this location for
many years. It appears to be developed in an interflow
zone which receives recharge from the east (direction view
is looking). There is no evidence of leakage from this
spring into underlying dense basalt exposed in Canniwai
Creek coulee immediately to the left of the photo.

Stop 4: BLM Boat Launch at Pacific Lake
Pacific Lake, part of the Lake Creek system, is currently dry. The lake occupied
a Pleistocene Cataclysmic Flood eroded coulee cut into the Roza Member of the
Wanapum Basalt. Eyewitness reports indicate Pacific Creek is predominantly
filled by surface run-off coming down Lake Creek from the north. A few small
springs located in the lake also may contribute some water to the lake when the
springs are active.

High water line in
Pacific Lake.

View from BLM boat launch looking towards the south end
of Pacific Lake. The top of the Grande Ronde Basalt may
only lie within a few tens to 200 feet below the bottom of
the coulee. The thickness of the coulee filling sediments in
the lake is not known.

Stop 5. Pacific Lake Private Boat Launch

Two views into Pacific Lake. The upper view shows the
high water line, and the now high and dry private boat
launch. The lower view looks into Pacific Lake from the
north. The arrow points to the location of the private
boat launch.

