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Kog

YXgn Gneiss of the Priest River core complex (Proterozoic),
possibly pre-Belt. Associated YXs (schist) and YXq
(quartzite) occurs in outcrop and well logs.

Orthogneiss (Cretaceous)

Ypl

Belt Supergroup (meta-sedimentary rocks)

Prichard Formation, lower (Middle Proterozoic)

Belt Supergroup or pre-belt metamorphic rocks
(Priest River Metamorphic Complex)

Intrusive rocks

Tbgf Fine-grained biotite granite (Eocene)

Eocene or older rocks comprising Rathdrum
Prairie valley crystalline basement

Sediment - Clay, sandy clay, sand, and minor fine gravel deposits of the
Latah Formation. Interbedded with Columbia River Basalt Group

Grande Ronde Fm. magnetostratigraphic unit N2

Wanapum Fm., Priest Rapids Member

Grande Ronde Fm. magnetostratigraphic unit R2 (or older)

Tg Alluvial Lag gravels on relict alluvial surfaces (Tertiary)—Cobble and pebble gravels
consist of mature rounded quartzites and mixed lithologies derived from the
Precambrian Belt Supergroup rocks and Mesozoic-Tertiary intrusives.

TERTIARY

TgrN2

Tpr

TgrR2

Tgr

Thick altered bedrock ("decomposed granite"), and/or altered
Proterozoic meta-sedimetary "shales" and/or basal Latah
Formation with Miocene Paleocene to Oligocene supra-
bedrock paleosols. (Thick aquitard).

Ts/YXgn/
Kog

Miocene Columbia River Basalt Group and associated
Sediments (Latah Formation)

Grande Ronde Fm., lower

Pre-Miocene gravels and altered basement

Ts

Q3/Q4

Basal to intermediate valley fill (lower Pleistocene); A generalized relatively
stratiform interval based on the principle of superposition (with likely significant
lateral variability) and the widely recognized presence of fine-grained deposits that
are mapped in the subsurface as glacial lake deposits. Q1/Q2 is a part of the
catastrophic flood gravel succession (including very large boulders and possibly
landslide deposits as well as sandy clays from glacial lakes (e.g., Lake Columbia).

Intermediate valley fill (middle Pleistocene) — Grossly stratiform
intervals Q3 and Q4 interpreted on the basis of 1) younger surfical analogue (Q5) and
2) the principle of superposition (with significant non-layer cake cut and fill lateral
variability). Consists of catastrophic flood sands and gravels. Fining-upward proximal
Missoula flood deposits or later (more distal) diminishing post-flood fluvial sequences.
Includes probable coarsening-upward debris flows. Generally consists of finer material
than Q5, thus the overall sequence from Q3 to Q5 is a coarsening-upward succession.
May include dirty gravels, well sorted sands and clay and mixtures thereof (i.e., actual
mixtures OR interbedded successions). Well logs tend to penetrate into this interval
which is partly unsaturated and partly saturated below a slowly changing altitude from
~ 2080 ft in the western part of the study area (near Lake Fernan and Lake Coeur
d'Alene to below ~1980 ft (near the Idaho/Washington Stateline).

SUBSURFACE QUATERNARY GLACIAL FLOOD and
PERIGLACIAL DEPOSITS

(Lower and Upper Pleistocene)
Coarse and Fine (proximal and distal / high and low energy) deposits within the
subsurface of the Rathdrum Prairie (from drillers well logs)

Q1/Q2

Q0
Unknown, or areas beyond geological extrapolation. May include,
basal Missoula flood topography and sediment, basement(?)
or Tertiary basalts and sediments - especially in the Coeur d'Alene area).
May include basalt flood scour features, gravels (and very large boulders
like Q1/Q2. May include pre-flood Ts/ YXgn/ Kog altered rocks.

Qgrv

Distal Deposits (lower energy) perched along valley sides and tributaries
correlative or directly equivalent to Q5 units (and probably older units)

Gravel of Riverview Drive — Sandy flood gravels on the southern margin of Rathdrum
Prairie in the mouths of tributary drainages. Bedded low-flow regime deposits formed in eddy bar envi-
ronment. Thickness 60 to 80 feet.

Qsrv Sand of Riverview Drive — Gravelly flood sands on the southern margin of the Rathdrum Prairie.
Planar medium-bedded sands of low flow regime. Mantles slopes inundated by floodwater. Thickness
10 to 20 feet

Qspv
Sand of Pleasant View — Gravelly flood sands on margin of the Rathdrum Prairie. Bedded flow
regime deposits represent eddy bar deposits that grade into lower energy sand and silt deposits up the
valleys. Coarser facies of the flood bars of the unit are shown with the stippled pattern. Mantles slopes
inundated by floodwater. Thickness as much as 100 feet near the west margin of study area.

SURFICIAL MAPPED GLACIAL FLOOD AND PERIGLACIAL DEPOSITS (upper Pleistocene "Q5" with relative age/timing "5a - 5f")

Qgg

Gravel of Coeur d'Alene — Mixed deposits of poorly to moderately sorted stratified cobbly sands and sandy
gravels carried by outburst floods and also currents of reverse outflow from Coeur d’Alene Lake. Soils of the
McGuire series (Weisel, 1981). Forms giant current ripples in the lake bottom revealed by seismic profiles
(See Breckenridge and Othburg, 1999 cross-section; note - the latter is re-interpreted as
possibly older depositional event in this work). Thickness 20 to 80 feet.

Qcd

Qgrp

Qggf

Qdg

Channel gravels undivided — Late Wisconsin flood gravels and sands deposited in channel ways cut into
high energy fans and bar features. Moderately sorted and stratified from lower flow regimes. The channels
are commonly developed at the margin of the prairie because the larger boulders armor the center of the
flood path. Locally includes angular basalt columns derived from the basalt rimrock. Soils of the Kootenai
series (Weisel, 1981). Thickness 10 to 40 feet.

Gravel of Dalton Garden fan — Poorly sorted sandy gravel deposited in large fan formed downstream from
Hayden Lake outlet. Lobate in form at the downstream margin. Soils of the Avonville
series (Weisel, 1981).Thickness 10 to 50 feet.

Qgc

Gravel of Ross Point — Coarse, stratified sandy gravel forms the highest preserved remnant flood terrace
in the quadrangle at about 2,340 feet in elevation. Has the most soil development of the Rathdrum Prairie
gravels, the Avonville-Marble association (Weisel, 1981). Represents the earliest of the flood deposits rec-
ognized in the area. Thickness more than 150 feet.

Proximal (high energy) Deposits on the floor of the Rathdrum Prairie
(eastern part of the study area from Coeur d' Alene to Ross Point)

Qggb

Qgm
Qgmb

Qgb
Gravel of Beck Road — Flood gravels graded to the lowest valley filling episode of flooding continuous
with the Spokane Valley, about 2,100 feet at the Idaho-Washington state line. The gravels include the
most-developed incision representing a large abandoned river channel meandering westward
into Washington (Gerstel and Palmer, 1994). Two separate sets of thick-bedded foresets, 25-feet thick,
are exposed in deep gravel pits on Beck Road. Total thickness exceeds 80 feet.

Qgmb ~ Gravel of McGuire — Sandy flood gravels graded to an intermediate level of 2,140 feet near
Post Falls. Although an extensive sheet, the gravel unit appears to be characterised by incision and
scour unconformities; the surface is marked with channel erosion and lag deposits. Thickness 80 to 100'.

Qgm ~ Gravel of McGuire, stateline bar facies — Coarse, poorly sorted,imbricate flood gravels with
parallel bedding. Forms a large longitudinal bar extending several miles east to the Idaho-Washington
state line. Graded to the gravel of McGuire. Thickness 20 to 40 feet.

Proximal Deposits on the floor of the Rathdrum Prairie
(western part of the study area from Ross Point to Stateline)

Qgg ~ Gravel of Green Ferry — Coarse flood gravels. Consists of an extensive sheet of flood deposits, graded to about 2,200
feet at Post Falls. Characterized by poor sorting and variation in bedding. Probably represents the last episode of major flood
events. The unit is locally sandy, especially in the lee of Ross Point where steeply dipping, thick-bedded sands are concentrated.
Also includes a fan facies and a bar facies. Soils of the McGuire series. Thickness in excess of 100 feet.

Qggf ~ Gravel of Green Ferry fan facies — Poorly sorted, sandy flood gravels with channel
cut and fill structures. Formed by large coalescing fan complex characterized by scour and fill
features and concentrations of lag boulders. Margins characterized by numerous lobe forms.
Dissected by waning phases of flooding and smaller, later flood events. Soils of the Avonville
series (Weisel, 1981). Thickness 10 to 80 feet.

Qggb ~ Gravel of Green Ferry bar facies — Bouldery channel-bar facies flood gravels.
Coarse and poorly sorted imbricated gravels with large-scale foreset beds. Forms a large
channel bar with well-developed current ripples at the surface. Thickness 20 to 40 feet.

Older Proximal Deposits
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WORKING MAP OF PART OF THE
STUDY AREA SHOWING

LOCATION OF WELLS USED ON
CROSS-SECTION X-X’

(from Breckenridge and Othberg, 1998; 1999)

Summary

Introduction
X-X’ shows a detailed interpretation of subsurface geology below the
Spokane River and Coeur d’Alene lake front. Wells are shown with water
producing zones, static water, and estimated water table. A selection of
north-south cross-sections (numbers 1, 3, 5, etc.) are shown at 50%
reduced scale along with a maps showing well locations. Larger scaled
cross-sections with associated strip maps and explanation of methods are
available as PDFs in a recent IDWR report by Grader. Note: The range
front topography shown in gray occurs south of the river, behind the
reader’s west to east view (see topo map for location of profiles).

These cross-sections were generated using a selection of driller’s well
logs (primarily from T 50N R 4W and T 50N R 5W) in conjunction with
extrapolation to geologic and surficial maps (Reed et al., 2000;
Breckenridge and Othberg, 1998; 1999) and regional hydrogeological
review of the Spokane Valley and Rathdrum Prairie - SVRP (Kahle and
Bartolino, 2007).

Areas showing similar geology and subsurface morphology are grouped
into four river segments and two areas near Coeur d’Alene. The character
of each segment is defined by variations in ancient geology, poorly
understood Quaternary paleoenvironmental processes, and Holocene
geomorphology including: 1) Proterozoic metamorphic country rocks and
Cretaceous to Eocene plutonic rocks (i.e. “crystalline basement”); 2)
Miocene/Pliocene volcanic rocks and sediments; 3) a profound
Pleistocene Missoula outburst flood history, which left behind a complex
valley fill above irregular unconformities including complex buttress
nonconformities; and 4) the break out and down cutting of the Spokane
River following a secondary Missoula flood channel. Note that flood
waters reached heights 400+ ft above the present river level (2600 ft).

Geology
The structure of crystalline basement involves primary Cenozoic tectonics,
unroofing of Proterozoic and Paleozoic strata, initial intermontane basin
formation, possibly early Cenozoic river incision and lacustrine
environments (?), and deep paleosols correlative with an upper layer of
highly decomposed basement rock/sediment. West of the Harbor View
fault, decomposed intervals appear to be thinner, with more clean
gneissic basement directly below aquifer sediments. East of the Harbor
View fault more metamorphic rocks and “softer” compositions occur in the
upper parts of the basement. This shift is perhaps a function both of more
Tertiary uplift west of the fault and more accommodation by Miocene
rocks above the basement to the east (with less concomitant
deposition/volcanic emplacement to the west). This shift in geology is
compounded by complex Missoula flood hydraulics including potentially
stronger, directed flows to the west, and powerful yet more confused flows
to the east.

The Quaternary depositional system overlies a strongly erosional
unconformity above deeply excavated and broken Tertiary Columbia River
Basalts (mostly Grande Ronde Formation) and mostly fine-grained

sediments of the Latah Formation. The latter unit was emplaced in the
Miocene over a relatively short period of time (one million years), although
it underlies, is interbedded with, and is overlain by the time-transgressive
Latah Formation. Highly irregular volcanic flows (on the local to regional
scale) are interbedded with thick clays, and sands and minor gravels
above basal Tertiary sediments and decomposed bedrock. Clay-bearing
decomposed bedrock above or interbedded with more competent plutonic
and metamorphic rocks are the product of long subearial exposure before
emplacement of Miocene basalts.

Cataclysmic Miocene basalt flow paths and associated dammed
depositional systems (again with paleolakes and paleosol - saprolite -
development) were cut and filled by late Miocene/Pliocene streams
processes. Both of the latter were cut by unprecedented and powerful
glacial outburst floods following the draining of the ice dammed glacial
Lake Missoula. The way in which the Miocene and initial flood units were
cut was dependent upon the fluid dynamic and flow path of these
destructive erosional and depositional events. Post-flood waning stage
channel incisions further altered the lateral continuity (and porosity
permeability of Quaternary sediments). Some flood events may have
debauched into standing water of glacial Lake Columbia - leading to more
turbidite-like stacking patterns and sediment distribution rather than fluvial
patterns. Such events were more likely to have occurred lower in the
Quaternary stratigraphic section where more associated lake clays have
been encountered in much of the SVRP aquifer. On the other hand,
whereas the upper SVRP is mostly coarse material, directly near the
southern margin of the Rathdrum Prairie, below the river, mixed sediment
types including abundant fines are encountered and are difficult explain
other than accumulation via episodic eddy bars outside of the main flood
currents. Ultimately, it is these types of processes that are thought to have
rapidly altered subsurface relief, rock lithology and controlled Quaternary
sediment distribution along the six segments and areas identified here.
Furthermore, reported clay and calcareous cements and hard pans are
noted to occur near or just north of the rivers course suggesting ancestral
to coeval effects of the downward-cutting Spokane River and changing
Pleistocene/ Holocene water tables. Finally, historical damming of the
river may have changed the way the river interconnects with aquifer
sediments upstream of the Post Falls dams.

Near the surface of the Rathdrum Prairie and within the upper 350 ft,
Quaternary sediments primarily consist of permeable sands and gravels
deposited during mega-flood stage and waning flood stages. No modern
stream development is superimposed over these sediments except the
Spokane River. The river is constrained to the southern margin of the
prairie, where it apparently follows a secondary waning stage Missoula
flood channel. Subsequently, the river has followed and cut down close to
and across crystalline basement instead of cutting around the latter
through Quaternary sediments and breaking out onto the Rathdrum
Prairie (as it eventually does once in Washington). Many secondary flood
channels run perpendicular to the older north-south Cenozoic-established
side valleys that are cut into basement rocks and project northward
towards and into the main valley floor. One must wonder whether these
bedrock channels were forcefully cut by early flood events, later capturing

the Spokane River shortly after the last Missoula floods in the latest
Pleistocene. Certainly such cut channels complete with thin channel fill
occur at higher altitudes south of the river in the adjacent mountains.
Alternatively, the modern river system was “let down” cutting directly into
whatever lithology occurs below and between it and base level
(paraphrased after Roy Breckenridge).

Observations
Holding gross sediment grain size textures approximately equal, further
subdivisions along X-X’ result in three primary geometries of channel
geomorphology in relationship to crystalline basement, thickness of
aquifer sediments, and potential recharge. The river can be subdivided
into areas where: 1) the river occupies larger “embayments” or small
“reentrants” of relatively shallow Quaternary aquifer sediments;
2) basement “faces” meet aquifer sediments directly below the river; and
3) “Cuts” where the river has incised into and crosses over crystalline
basement without any Quaternary aquifer sediments occurring below it. In
many cases, especially water wells near the river sought intervals below
the Quaternary system, indicative that much of the Quaternary sediments
below the river are unsaturated, or unproductive.

Average elevation of the Rathdrum Prairie north of the river in the west of
the study area is about 2100 ft, whereas in the east, near Coeur d’Alene,
it is generally 100 ft higher. The Spokane River drops from the average
level at Coeur d’Alene Lake (2125 ft) to about 100 ft below this level near
the state line (dropping sharply after the Post Falls dams). Gravity data
suggest that some of the deepest sediment/ basement contacts in the
study area occur at 1260 ft in the center of the westward-tapering SVRP
valley (after Adema, 1999; see cross-section 5), and at about the same
depth or deeper along the southern range front, north of the river in
cross-section 19 (see associated figure after Nell, 2007, pers. comm..).
Whereas the SVRP basin and aquifer sediments are thought to be deep-
est towards the center of the Rathdrum Prairie, deeper concentrations of
Quaternary sediment are locally reached in areas where Miocene units
have clearly been sharply excavated by flood event(s). Also occurring in
proximity to and west of cross-section 19 are the oldest mapped surfical
flood sediments on the Rathdrum Prairie reaching an elevation reaching
2400 ft. These sands and gravels occur 200 ft below the maximum flood
water lever of the Missoula Flood events, and somewhat anomalously
near to the local basement depression mentioned above. The depth to

which the roots of this flood bar extend is unknown.

Quaternary glacial outwash, lake sediments, and primarily cataclysmic
flood-associated aquifer sediments are grossly grouped into older Q1
through younger Q5 intervals. Very coarse and very fine sediments occur,
but most encountered (shallow) Quaternary deposits are primarily sands
and gravels with probably good porosity. The distribution and genetic
nature of these sediments is unclear (i.e., precise paleoenvironments and
genetic stratigraphy). Q5 of this study refers to mapped “proximal” and
“distal” deposits, loosely meaning valley center and valley side surfical
sediments reaching about 100 ft in thickness. Similar deposits extend
about 350+ ft into the subsurface (interval Q3/Q4) with less understood
intervals Q1/Q2 reaching thicknesses over 700 ft towards the Rathdrum
Prairie valley center. Overall aquifer sediments appear to coarsen-upward
and coarsen laterally northward, towards the valley center. Large-scale
fining-upward successions are discernible in Q3/Q4 along with significant
lateral changes in primarily sand and gravel suggestive of “cut and fill”
types of megafluvial facies. Along the edge of the valley, near the present
position of the river more abundant fine-grained sediments occur either

mixed with coarser sands and gravels or thinly interbedded with them (see
highlighted in red along X-X’); clay and in some cases calcareous
cemented intervals are reported, and appear to occur mainly below or just
north of the River often in (today’s) unsaturated sediments. Rare “clean”
but typically water-producing sediments are mentioned below these
intervals. The more consistent and productive wells appear to occur north
of the river.

Below Post Falls the river drops in elevation and comes closer to the
saturated part of the aquifer occurring below it, or to the north side of it.
Segment A shows a well developed embayment. Segment B suggests
that significant basement promontories lead toward the north. A subtle
geological change occurs along “transitional” segment C between Cedar
Creek and Harbor Island. This is especially clear in the distribution of
Tertiary rocks in the subsurface and even in outcrop. A fault (or faults)
here as discussed above may help to explain this distribution of rocks,
which were also impacted by early erosional vectors of Missoula floods.
A basalt and Latah Formation remnant are reported near Cedar Creek; a
Latah Formation remnant may also occur near Scanlan Creek. The
Harbor Island fault may play a role in the significant shift on the geology
across Segment C; curiously even contours along the southern part of the
modern Rathdrum Prairie near Ross point show some expression of this
fault (!?).

Segment D stretched from near Harbor Island to the edge of Blackwell hill,
where background hills give way to the area around Coeur d’Alene up to
Tubbs Hill (Area E). Here a topographic low is called the Coeur d’Alene
Channel which appears to have been mostly excavated of its original Ter-
tiary Fill. It can be seen that some of the Tertiary rocks underlying the
Spokane River or occurring to the north of it along Segment D have been
catastrophically excavated by powerful Missoula flood events (see also
gravity map). Large scale mega ripples occur in the subsurface of Area E,
indicative of awesome, southward migrating flood currents through the
Coeur d’Alene channel.

Area F occurs behind the Tubbs Hill intra-valley “sill” and reaching Fernan
Lake behind Potlatch Hill is not here depicted. Geology changes rapidly
across the Purcell detachment fault placing high grade metamorphic rocks
over low grades ones; also preserved here is a more complete strati-
graphic section of Miocene rocks and sediments. The latter where much
more widespread across the Rathdrum prairie prior to the Missoula flood
events. Area F contains the Fernan Channel.

Note: Decomposed basement rocks (sediment) shown in green in
North-south cross-sections, are included with their associated basement
lithology in X-X.‘

Conclusions
Drillers logs provide an excellent geologic framework of the Spokane
River and highlight/substantiate previously identified fault-based
geological discontinuities near the Harbor View area. Coeur d’Alene Lake
front geology however remains more speculative based on less
geophysical data and fewer deep-penetrating well logs. Recharge may be
occurring anywhere within this part of the SVRP study area, although
fine-grained sediments and cementation appear to play a role in low
productivity near the Spokane River. The geologic history and impact of
the Missoula Floods of Tertiary basalts and sediments along the southern
Rathdrum margin is clearly evident, although the sequence stratigraphy
and types of Quaternary sediments deposits remain poorly understood.

Recharge below the dams where the river system remains a natural river
and closer to the water table may be an important “loosing stretch” to the
SVRP aquifer. Detailed wells need to be logged along the river to provide
more insight into the lithologies encountered here, especially in
comparison to the apparently coarser and cleaner sediments occurring
towards the valley center.


