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The eruption and widespread emplacement of the mid Miocene Columbia River Basalt Group filled paleo-topography in 
the Columbia River basin, effectively reset much of the landscape and established a uniform baselevel by ~15 Ma. 
Tectonic and fluvial processes have since reshaped the landscape dramatically. In central Washington state, the 
north-south trending Hog Ranch-Naneum anticline (HRNA) is a broad, high amplitude structure that bisects the Columbia 
Basin and forms the drainage divide between the Yakima and Columbia Rivers. The HRNA intersects and is orthogonal to 
several Yakima fold structures, which have been mainly active since 3-2.5 Ma. To constrain the timing of uplift along the 
HRNA, we collected terrestrial sandstone samples interbedded and overlying the Columbia River Basalt Group within the 
Kittitas Valley watershed, located west of the HRNA. We analyzed U-Pb detrital zircon age spectra for these samples and 
compared them with coeval stratigraphic horizons east of the HRNA, older locally exposed sandstones, and known 
sediment sources that deliver sediment into the Yakima and Columbia Rivers. Our provenance results identify a distinct 
change in sediment source into the Kittitas Valley between mid-Miocene and Pliocene time. Sedimentary horizons 
interbedded in the Grande Ronde member of the Columbia River Basalt Group (16 – 15.6 Ma) include zircon sources that 
are distally derived from the Idaho-Wyoming thrust belt and exposed in the modern upper Snake River watershed. Several 
of the distinctive distally sourced zircon populations are absent from locally exposed Cenozoic strata and thus are not 
recycled from older units. Suprabasaltic (post-5 Ma) sedimentary horizons, on the other hand, only contain older zircon 
age populations that are recycled from Eocene Swauk and Chumstick formations, units that are located within the Kittitas 
Valley watershed. These results, along with depositional age estimates from sampled strata, indicate that the Kittitas 
Valley was isolated from the Columbia River basin before ~3.7 Ma. Thus, the HRNA became an agent of drainage division 
by the Pliocene, prior to the onset of major uplift along the nearby Yakima folds.
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Geomorphology: The Kittitas Valley is located on the east side of the Washington 
Cascades. The Yakima River flows eastward from the high Cascades and into Kittitas 
Valley. From there, it decends through Yakima Canyon, where it incises through the 
active Yakima folds (Bender et al., 2016; Staisch et al., 2018). The modern confluence 
between the Yakima and Columbia Rivers is located near Richland Washington 
(Figure 1).

Structural Geology: The Hog Ranch-Naneum anticline (HRNA) is a north-south 
trending fold that bisects the Yakima and Columbia watersheds (Figure 1). It also 
bisects the Yakima folds, which are east-west oriented fault cored anticlines that 
have accommodated an accelerated deformation rate since ~3.0-2.5 Ma (Kelsey et al., 
2017; Staisch et al, 2018). 

Stratigraphy: Much of the exposed rocks in the Cascadian backarc are basalts of the 
Columbia River Basalt Group (CRBG), which erupted and flowed over the landscape 
between ~16-10 Ma. During periods of volcanic quiescence, continental sediments, 
often fluvial or volcaniclastic in nature, were deposited between basalt flows.

Overlying the CRBG, Miocene-Pliocene strata are exposed in the Kittitas Valley and in 
the Columbia Basin. The Thorp Gravels and other Pliocene strata in the Kittitas Valley 
are ~3.7 Ma and younger (Waitt, 1979, Bender et al., 2016). The 9.5-3.0 Ma Ringold 
formation is deposited in the Columbia Basin, east of the HRNA (Staisch et al., 2017).

GEOLOGIC SETTING

DETRITAL ZIRCON DATA AND RESULTS

REFERENCES

PLcgt

Mvw

Mvs

Mvg

Mvgo

Mvgg

Mvgw

Mvgs

Mvgsm

Mvgssf
Mvgssc

Mvgsmc

Mvgwr

Co
lu

m
bi

a 
Ri

ve
r B

as
al

t G
ro

up

El
le

ng
sb

ur
g 

Fo
rm

at
io

n

Kittitas Valley strata

Ringold Formation

Ellensburg Formation (interbeds)

Mcev

Mcge

Mcsec

RCA094

RCA064

RCA026
NCS120

NCS229

NCS225

ENA162

16PYAK0115SM004

15SM013
18LMS0831-01
JEO4-12-17-01

ENA160
QPLcgQPLcs

PLMcgr

ENA167v

M
IO

CE
N

E
PL

IO
CE

N
E

QU
AT

ER
N

AR
Y

G
EO

LO
G

IC
 T

IM
E

VOLCANIC ROCKS SEDIMENTARY ROCKS

McfeMcfe

#*
#*

#*
#*
#*

#* #*

#*
#*
#*

#*

#* #*#*#*

#*
#*

#*

#*

#*

#*

#*

#*
#*

#*

#*#*

#*

#*

#*

#*

#*

#*#*

#*#*

#*

#*
#*#*

#*
#*

#*

#*

#*#*

Ec(s)

Ec(c)

Ev(t)

Ec(r)

Mc(e)

Q

PLMc(r)

CRBG

CRBG

QPLc
H
R
N
A

Q

Q

CRBG

CRBG

15SM004
16YTC05

15SM013

18LMS0531-01

JEO
4-12-17-01

16PYAK01

Rca026Rca064
Rca094

Ena160
Ena162

Ena167v

Ncs120

Ncs229

Ncs225

Detrital Zircon Age Spectra Sites (U-Pb)
#* Quaternary-Pliocene strata, QPLc

#* Pliocene Thorp Gravel, PLcg(t)

#* Pliocene-Miocene Ringold Fm, PLMc(r)

#* Miocene Ellensburg Fm, Mc(e)

#* Eocene Chumstick Fm, Ec(c)

#* Eocene Swauk Fm, Ec(s)

#* Eocene Swauk Fm, Ec(s)

#* Eocene Swauk Fm, Ec(s)

QQ

CCCRRBBGG

Recent 1:24,000 Geologic Mapping (Sadowski et al)

Hog Ranch-Naneum Anticline (HRNA)

Faults (1:250,000 WA Geol. Survey)

SCALE [KM]

10 20 30 40 500

121.0˚ W 120.5˚ W 120.0˚ W 119.5˚ W 119.0˚ W

46
.5

˚ N
47

.0
˚ N

47
.5

˚ N

Yakima-Columbia
River confluence

We collected samples for detrital zircon provenance analysis from continental 
sediments interbedded within and overlying the CRBG (Figure 3).

For each sample, we analyzed 100+ zircon crystals from each sample using Laser 
Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-PS).

The resulting detrital zircon age spectra from new and previously published samples 
are plotted in Figure 4. Colored bars correlate to known zircon age population sources 
from the Pacific Northwest and northern Rocky Mountains.

We compared detrital zircon spectra from samples collected east of the HRNA 
(Ringold Formation) and west of the HRNA (Ellensburg Formation and suprabasaltic 
strata) with each other and with potential zircon sources. Sources include:

Locally exposed:

- Eocene Chumstick Formation (Donaghy et al., 2021) 

- Eocene Swauk Formation (Gundersen, 2017)

Distally exposed:

- Sources from the upper Snake River drainage (Staisch et al., 2021)

- Sources from central Idaho (Staisch et al., 2021)

FIGURE 3. Miocene and younger volcanic and sedimentary units exposed in Kittitas Valley and Columbia 
Basin. Stars represent the stratigraphic horizons sampled for detrital zircon provenance analysis

FIGURE 4. Detrital zircon age spectra for newly sampled material from the Kittitas Valley and samples 
previously analyzed and published from the Ringold Formation, Chumstick Formation, and Swauk 
Formations. Vertical axes are normalized probability, horizontal axes are time. Note scale change on 
temporal axes. Detrital zircon spectra are shown in dark grey. Known local and distal zircon sources are 
shown in colored bars, legend at the bottom correlates color to source.

IMPLICATIONS FOR UPLIFT ALONG THE HRNA
Our new detrital zircon analyses and results suggest that the sediment 
source into the Kittitas Valley changed significantly between mid 
Miocene and early Pliocene time.

During the eruption of the CRBG (~16-10 Ma), sediment sourced from 
central Idaho and the northern Rockies was deposited in the Kittitas 
Valley (Figure 6A). These results suggests that there was no topographic 
barrier between the central Columbia Basin and Kittitas Valley at this 
time.

Following CRBG eruption, between ~10 and 3 Ma, sediment sourced from 
central Idaho and the northern Rockies was deposited in the Columbia 
Basin, but not from the Kittitas Valley. In the Kittitas Valley, ~3.7 Ma and 
younger sediments lack zircons indicative of the prior distal source (Fig. 
6B). We interpret this to suggest that tectonic uplift along the HRNA 
initiated sometime between ~10 and 3.7 Ma.

Deformation along the Yakima folds, which are orthogonal to the HRNA, 
accelerated around ~3-2.5 Ma (Staisch et al., 2018). It is unlikely that the 
east-west trending Yakima folds and north-south trending HRNA were 
vigorously active at the same time. We therefore suggest that the 
majority of deformation along the HRNA was accommodated prior to 3 
Ma.
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FIGURE 5. Cumulative density function plot 
of detrital zircon U-Pb age results. Steep 
vertical steps in the CDF plots indicate 
abundance of zircon ages of a particular 
age. Eocene strata locally exposed in the 
headwaters of Kittitas Valley are in blue 
shades. Miocene Kittitas Valley strata are 
in red shades. Pliocene Kittitas strata are 
in green/yellow shades. Ringold formation 
strata are shown in purple shades. The 
overlap in purple and red lines suggests 
that the mid-Miocene Kittitas strata and 
Miocene-Pliocene Ringold Formation 
have similar source terrane. Pliocene 
Kittitas Valley samples overlap with 
Eocene Swauk and Chumstick strata, 
suggesting that zircons from the Eocene 
units were recycled into the Pliocene 
Kittitas Valley units.

FIGURE 6. Schematic evolution of the depocenters and drainage organization of central 
Washington. (A) Between 16 and 10 Ma, the Columbia Basin (CB) and Kittitas Valley (KV) 
were connected. In between periods of CRBG eruption, continental sediments deposited in 
the modern Kittitas Valley were sourced from local and distal terrane. (B) After major CRBG 
eruption, the Ringold Formation (RG) was deposited in the Columbia Basin with distally 
sourced sediment. RG strata lack zircons sourced from the Kittitas drainage, suggesting 
uplift of the HRNA. Similarly, Pliocene strata in Kittitas Valley lack distally sourced zircons. 
(C) Tectonic uplift along the Yakima folds accelerates by 3-2.5 Ma, at which point the HRNA 
is likely tectonically less active or inactive.

Cumulative Density function plots (CDFs) in Figure 5 delineate differences in samples over time and space. 

- Miocene-Pliocene Ringold strata collected east of the HRNA show zircon provenance from central Idaho and the 
upper Snake River, particularly significant abundance of zircons >500 Ma (detailed analysis in Staisch et al., 2021).

- Ringold Formation detrital zircons do not seem to have a strong Yakima River source, noted by the absence of the 
sharp double age peaks (~65 and ~90 Ma) that are seen in Thorp (16PYAK01), Chumstick, and Swauk samples.  

- Miocene Ellensburg strata collected west of the HRNA show similar provenance. Of particular note are ages 
between 1600 and 1800 Ma and the Eocene Challis/Absaroka volcanic age peaks.

- Suprabasaltic strata (<3.7 Ma) collected west of the HRNA do not have many zircons >500 Ma, and zircon ages 
match closely with locally exposed Eocene strata (Chumstick and Swauk Formations).

RESULTS CONTINUED...

FIGURE 1. Geologic map of central Washington. New and published detrital zircon sample sites are shown in colored triangles with sample numbers 
labeled. Inset blue rectangle shows extent of detailed mapping, Figure 2.

Detailed Maps!

FIGURE 2. Detailed 1:24,000 geologic mapping in northern Kittitas Valley from Sadowski et al. (2010, 2021-in press). Map location denoted as blue box in 
Figure 1.
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Legend
Geologic Units
Holocene to Pliocene Alluvial Deposits

wtr - Water
af - Artificial fill
ml - Modified land
Qp - Peat
Qls - Landslide deposits
Qlso - Old landslide deposits
Qa - Active Alluvium
Qia - Intermediate-aged alluvium
Qoa - Older alluvium
Qaf - Alluvial fan deposits, undivided
Qaf(1) - Youngest alluvial fan
Qaf(2) - Younger alluvial fan
Qaf(3) - Old alluvial fan
Qaf(4) - Oldest alluvial fan
QPLcg - Oldest Alluvium "Naneum Gravels"
QPLcs - Sandy unit of oldest alluvium
PLcg(t) - Thorp Gravels

Alpine Glacial Outwash Deposits
Qao(lb) - Bullfrog Vashon outwash of the Lakedale Drift
Qapo(k) - Pre-Vashon Kittitas Drift, undivided
Qapo(ki) - Indian John phase of Kittitas drift
Qapo(ks) - Swauk Prairie phase of Kittitas drift

Ellensburg Fm
Mc(e) - Ellensburg Fm, undivided
Mcg(e) - Conglomerate of Ellensburg Fm
Mcf(e) - Siltstone of Ellensburg Fm
Mcs(e) - Sandstone of Ellensburg Fm

Wanapum Basalt
Mv(wp) - Priest Rapids member
Mv(wf) - Frenchman Springs member

Vantage Member of Ellensburg Fm
Mc(ev) - Vantage Sandstone

Grande Ronde Basalt (GRB)
Mv(g) - Grande Ronde Basalt, undivided

GRB Magnetostratigraphic Unit Normal 2 (MSU N2)
Mv(gs) - Sentinel Bluffs Member, undivided
Mv(gsm) - Basalt of Museum
Mv(gssc) - Basalt of Stember Creek
Mv(gssf) - Basalt of Spokane Falls
Mv(gsmc) - Basalt of McCoy Canyon

Coleman Member of Ellensburg Fm
Mc(ec) - Coleman member, undivided
Mcs(ec) - Sandstone of Coleman member
Mcf(ec) - Siltstone of Coleman member

GRB Magnetostratigraphic Unit Normal 2 (MSU N2)
Mv(go) - Ortley Member

GRB Magnetostratigraphic Unit Reverse 2 (MSU R2)
Mv(gg) - Grouse Creek member
Mv(gwr) - Wapshilla Ridge Member
Mv(gmh) - Mount Horrible member
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