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SYMBOLS

Contact: dashed where approximately located.

Normal fault: ball and bar on downthrown side; dashed where 
approximately located; dotted where concealed.

Terrace scarp.

Water well with WellID number.

Paleomagnetic sample.

Geochemical sample.

40Ar/39Ar age date sample.
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INTRODUCTION

This map depicts bedrock and surficial geological units in the Ririe quad-
rangle. In this region, geological units greatly influence groundwater 
resources, and the availability and characteristics of earth materials used in 
agriculture and construction. The units (river deposits, loess, basaltic lava 
flows, and rhyolitic tuffs) are typical of the eastern Snake River Plain and 
constitute the geological framework for much of southern Idaho’s agricul-
tural economy.

SOURCES OF INFORMATION

Field work was conducted in 2008-2009. An unpublished map by H.J. 
Proskta, W.P. Leeman, R.J. Hackman, and W.E. Scott prepared in 1978 was 
consulted. This map is similar to Prostka and Hackman (1974). Alluvial 
units were defined by landscape position, landform characteristics, and the 
properties of soils developed on their surfaces as taken from soil surveys 
(Jorgensen, 1979; Miles, 1981; Noe, 1981). An airborne LiDAR survey of 
the South Fork floodplain (Idaho LiDAR Consortium, 2013) was also 
consulted. Exposures of bedrock geological units are rare in the Ririe quad-
rangle because of concealment by widespread loess and alluvial deposits; 
hence, water well logs are a key source of information. The water well logs 
(Idaho Department of Water Resources, 2013) have limited depth and lack 
detailed lithologic logs. The well logs are identified with a 6-digit “WellID.” 
They can be viewed at http://www.idwr.idaho.gov/apps/appsWell/Related 
Docs.asp?WellID=xxxxxx where “xxxxxx” is the WellID.

GEOLOGICAL HISTORY

The geological history of the Ririe quadrangle began in the late Miocene at 
about 6.6 Ma when the Yellowstone hotspot was beneath the area (Morgan 
and McIntosh, 2005). From 6.6 to 4.5 Ma, voluminous rhyolitic ash and 
lava flows of the Heise Volcanic Field were erupted from several large 
calderas. Heise units probably underlie the quadrangle although there are 
no surface exposures. Between about 4.4 and 2.0 Ma, as the hotspot moved 
away from the region, normal faulting commenced accompanied by basal-
tic volcanism and subsidence of the Snake River Plain. Normal faulting 
influenced the development of the South Fork of the Snake River drainage 
producing the valley through which the river flows onto the Snake River 
Plain (Anders and others, 1989). By the early Pleistocene at 2.05 Ma, the 
Yellowstone hotspot was located near its present position, and the Huckle-
berry Ridge Tuff was erupted from the Yellowstone-Island Park area 
(Christensen, 2001). Member B of the Huckleberry Ridge Tuff reached the 
Ririe quadrangle where it forms an important marker horizon. The map is 
dominated by Pleistocene alluvial deposits of the South Fork of the Snake 
River. Most of these sediments were deposited during glacial periods when 
the headwaters of the South Fork in the Yellowstone-Grand Teton area 
supported large glaciers (Licciardi and Pierce, 2008). Meltwater from these 
glaciers swelled the South Fork into a much larger stream than it is today, 
transporting huge volumes of outwash gravel and sand, and forming a large 
fan at the point where the South Fork enters the Snake River Plain. The 
outwash sediments continue downstream about  80 km (50 mi) to the 
vicinity of Blackfoot (Scott, 1982). These sediments form an important 
regional aquifer that supplies drinking water for many residents of the Ririe 
quadrangle. Pleistocene glacial climates also generated fine-grained 
sediment and strong winds, creating the loess deposits that mantle uplands 
in the quadrangle. During the Holocene, significant loess deposition 
ceased and the discharge of the South Fork was greatly reduced. The 
maximum discharge of the South Fork of 1699 m3/s (60,000 ft3/s) was 
recorded near Heise (about 4 km (2.5 mi) east of the map) on May 19, 1927 
(US Geological Survey, 2013). This flood resulted from the failure of a large 
landslide dam on the Gros Ventre River in Wyoming (Voight, 1978). 

STRATIGRAPHY

Water well logs define several laterally continuous volcanic and sedimen-
tary units in the subsurface of the Ririe quadrangle. In the City of Ririe well 
(sec. 32, T. 4 N., R. 40 E., WellID 324595), 111 m (365 ft) of fine-grained 
sediment (Ts3) is present at depths of 117 to 229 m (385 to 750 ft). The 
extent and correlation of this unit is unclear as no other deep well in the 
region intersects it. It may be correlative with thick Miocene pyroclastic and 
volcaniclastic deposits contained within the Swan Valley sub-basin of the 
Grand Valley graben (Anders and others, 2009). Rhyolitic volcanic rocks of 
the Heise Volcanic Field (Thr) overlie the fine-grained sediment in the Ririe 
well and in other wells. The water well logs do not permit subdivision of the 
Heise volcanic rocks, but nearby exposures and geothermal test wells 
indicate that several regional ignimbrites (Kilgore Tuff and Blacktail Tuff), 
pyroclastic and volcaniclastic deposits, and rhyolite lava flows are likely 
present in the subsurface (Engleman and others, 2013; Morgan and McIn-
tosh, 2005; Energy Services, 1981). Above the Heise units, a sequence of 
basalt flows locally separated by clay and sand (Ts2) are present throughout 
much of the quadrangle. The basalt is correlated to surface exposures of the 
basalt of Rexburg (Tbr). The early Pleistocene Huckleberry Ridge Tuff (Qyh) 
caps the Tertiary sequence. In some water wells, clay and sand (Ts1) 
separate the Huckleberry Ridge Tuff and the underlying basalt (Tbr). The 
association of basalts and fine-grained sediments may reflect drainage 
disruption and damming by flows.

Surficial units consist of eolian fine sand and silt (loess), alluvium deposited 
by the South Fork of the Snake River, and alluvial fans. Loess in the Ririe 
quadrangle is correlative with regional glaciations and probably has a 
variety of ages ranging from about 15 ka to over 75 ka (Phillips and others, 
2009). Surface alluvial units consist of gravelly braided stream deposits 
dating from the last glaciation (Pinedale; circa 25-14 ka) of the South Fork 
headwaters, latest Pleistocene-Holocene fill-cut stream terraces, and Holo-
cene alluvium of the South Fork floodplain. These deposits could not be 
correlated with confidence in the subsurface and are grouped into unit Qs 
in cross sections. While no deposits of the penultimate glaciation (Bull 
Lake; circa 140-160 ka) or older glaciations have been recognized in either 
outcrop or the subsurface, Bull Lake deposits are present in the headwaters 
of the South Fork (Licciardi and Pierce, 2008) and may be present in a 
terrace at Alpine, Wyoming (Piety and others, 1992). This makes it likely 
that Qs contains pre-Pinedale sediments. Basalt flows (Qb) are present in 
the subsurface at the base of unit Qs where they are locally interbedded 
with Qs and a fine-grained unit (Qc). Similar early Pleistocene intercanyon 
basalt flows are present along Willow Creek at Ririe Dam (Engleman and 
others, 2013; Patrick and Whitten, 1981) and upstream of Ririe along the 
South Fork (Dossett and others, 2012; Anders and others, 1989; Piety and 
others, 1992).

STRUCTURE

The map lies at the end of the Grand Valley normal fault system where it 
enters the Snake River Plain. Along most of its length in Idaho, this fault 
system consists of the west-dipping Grand Valley fault and the east-dipping 
antithetic Snake River fault (Anders and others, 2009; Anders and others, 
1989; Piety and others, 1992). Displacement is much greater on the Grand 
Valley fault. A late Tertiary asymmetrical sedimentary basin 8 km (~5 mi) 
wide and 1.6 to 3.2 km (1 to 2 mi) deep is present between the two faults. 
As the fault system approaches the Snake River Plain, it divides into numer-
ous northeast-stepping splays that become increasingly north-south 
oriented. In the Ririe quadrangle two northwest-trending normal faults, the 
Heise and Snake River faults, are present (Prostska and Hackman, 1974; 
Prostka and Embree, 1978). The Heise fault is a single structure in the Heise 
quadrangle east of the map. As it passes into the Ririe quadrangle, the fault 
divides into several short northeast-stepping splays until becoming a single 
structure again at the junction of the alluvial lowlands and the uplands. At 
this point, the vertical displacement of Huckleberry Ridge Tuff is about 115 
m (380 ft) across the fault (cross section A-A’’). The fault splays appear to 
have decreasing displacement to the northwest. Along section A–A”, graben 
asymmetry is shown controlling the thickness of a basalt flow (Tbr) and 
associated sediments (Ts2). Erupted from a vent on Rexburg Bench, Tbr 
appears to have ponded slightly against the master northern fault, then 
thinned as it flowed south up the hanging wall toward the antithetic south-
ern fault. Scott (1982) showed the Heise fault continuing to the northwest 
at the base of the prominent scarp separating unit Qg and the floodplain of 
the South Fork. This interpretation, which implies post-late Pleistocene 
ground rupture, is illustrated in cross section A-A’’. The scarp may be a 
fluvial rather than tectonic feature. Available well logs are inconclusive and 
the scarp has not been trenched.

DESCRIPTION OF MAP UNITS

SEDIMENTARY DEPOSITS

Alluvial fans (Holocene-Late Pleistocene)—Brown to light gray silt and fine 
sand (reworked loess), crudely stratified, about 3 to 4.6 m (10 to15 ft) thick.

Sidestream alluvium (Holocene)—Gravel and sand deposits of small tributary 
channels; thickness generally is < 3 m (<10 ft).

Alluvium of the South Fork of the Snake River (Holocene)—Gravel, sand, and 
silt; deposited in and adjacent to braided channels of the active floodplain; 
thickness generally is <9 m (<30 ft). Areas underlain by this unit are subject 
to seasonal flooding and standing water.

Fill-cut terraces of the South Fork of the Snake River (Holocene-Late 
Pleistocene)—Stratified sand, silt and lesser gravel deposited and incised 
during large prehistoric floods of the South Fork. Poorly drained, with the 
water table fluctuating to within 0.6 to 1.2 m (2 to 4 ft) of the surface during 
wet seasons. The soils developed on this unit contain redoximorphic 
features (mottles) indicating periodic water saturation. Thickness ranges 
from 0.9 to >1.5 m (3 to >5 ft).

Gravelly outwash of the South Fork of the Snake River (Late Pleistocene)— 
Gravel and sand deposited during the Pinedale glaciation of the South Fork 
headwaters. Poorly exposed in the map. In gravel pits in adjacent quad-
rangles, unit consists of massive to thickly bedded, well-rounded cobble to 
pebble gravel, with an open-framework filled by subangular sand. Rare 
beds of coarse to medium sand are cross bedded. Gravel clasts are domi-
nated by quartzite with lesser sandstone, granitic rocks, porphyritic mafic 
igneous rocks, rhyolite, basalt, and limestone. Locally overlain by 
unmapped alluvium of small tributary streams (Qas). Underlies the entire 
alluvial portion of the map. Thickness is unclear because Pinedale-age 
deposits and possibly older sediments cannot be differentiated on basis of 
well logs. Nearby gravel pits indicate minimum thickness ranging from 12 
to 24 m (40 to 80 ft). On the north side of the South Fork, is separated from 
unit Qa by a 3 to 4.6 m (10 to 15 ft) high scarp that Scott (1982) interpreted 
as post-late Pleistocene offset along the Heise fault. A scarp separating the 
same units is 1.5 m (<5 ft) high on the south side of the river. The well- 
drained soils developed on the unit contain loess caps 50 to 127 cm (20 to 
50 in) thick and accumulations of pedigenic carbonate 25 to 127 cm (10 to 
50 in) thick. Optically stimulated luminescence (OSL) ages from similar 
deposits in the Idaho Falls area range from about 25 to 13 ka (Phillips and 
others, 2009).

Alluvial sediments, undivided (Pleistocene)—Gravel, sand, and lesser clay. 
Used in cross sections where water well logs lack sufficient detail to subdi-
vide or correlate Pleistocene alluvial sediments. Thickness ranges from <15 
m (<50 ft) to over 55 m (180 ft). Thickness appears to increase to the west.

Clay and sand (Early to Middle Pleistocene)—Brown and blue clay, brown 
sand, and minor gravel. Described in water well logs in the northeast portion 
of the quadrangle. Interbedded with unit Qb. Not known to crop out.

Clay and sand (Pliocene)—Deposits of clay and sand identified in water well 
logs between units Qyh and Tbr. Not known to crop out. About 3 to 6 m 
(10 to 20 ft) thick.

Clay and sand (Pliocene-Upper Miocene)—Fine-grained sediments separating 
basalts of Tbr encountered in water well logs. Not known to crop out. 
About 46 m (150 ft) thick in Well ID 347593 (sec. 20, T. 5 N., R. 40 E.) 
decreasing southward to about 20 feet in the City of Ririe Well ID 324595 
(sec. 32, T. 4 N., R. 40 E.).

Clay and sand (Miocene)—Fine-grained sediments described in the City of 
Ririe well log (Well ID 324595). Described as dark gray, brown, and gray 
clay, sticky red clay, soft sandstone, sand, and minor gravel. Thickness is 
111 m (365 ft). Age and correlation uncertain. Not known to crop out.

EOLIAN DEPOSITS

Loess (Late to Middle Pleistocene)—Massive, brown to light gray, silt, very fine 
sand, and clay. Loess over 3 m (10 ft) thick mantles units Qyh and Tbr in the 
upland portions of the quadrangle. The Rexburg and Ririe soil series devel-
oped in this loess contain pedigenic carbonate horizons corresponding to 
carbonate morphology stages II to III. In the adjacent Rexburg quadrangle, 
loess in contact with basalt unit Tbr contains a carbonate-silica durapan up 
to 91 cm (36 in) thick. Unit Qg is capped with loess (not mapped) about 50 
to 127 cm (20 to 50 in) thick with stage I+ to II carbonate horizons. Loess is 
undated in the Ririe quadrangle. In the Idaho Falls area, OSL ages indicate 
loess deposition between 15 to 25 ka, and 75 ka (Phillips and others, 2009). 
In the Jackson Hole, Wyoming area, TL ages indicate episodic loess deposi-
tion between about 154 ka and 16 ka (Pierce and others, 2011).

VOLCANIC ROCKS

Basalt (Early to Middle? Pleistocene)—Black basalt and cinders. Described in 
water well logs (cross sections A-A’’ and B-B’). Not known to crop out in the 
map area. Interbedded with unit Qc in the northeastern portion of the map. 
Possibly correlative with basalt of Lyons Creek-Summers Butte volcanic rift 
zone (Prostka and Hackman, 1974), or with intercanyon basalts upstream 
on the South Fork of Snake River (Dossett and others, 2012; Anders and 
others, 1989; Piety and others, 1992), or the intercanyon basalt at Ririe 
Dam (Engleman and others, 2013; Patrick and Whitten, 1981).

Huckleberry Ridge Tuff (Early Pleistocene)—Light-gray to grayish-pink densely 
welded devitrified rhyolite tuff with eutaxitic to lithophysal fabric. Shown as 
Qel/Qyh where covered by loess. Phenocrysts are abundant (20-30%), and 
consist of sanidine and quartz with lesser plagioclase and pyroxene. Litho-
physae ~0.5 cm in diameter comprise ~70% of the rock in some exposures. 

Erupted at 2.053 ± 0.096 Ma (40Ar/39Ar laser fusion age on sanidine, Chris-
tiansen, 2001, p. G59) from the vicinity of Island Park near Yellowstone 
National Park. Three members (A, B, and C) have been identified on the 
Yellowstone Plateau but are not subdivided in the map. At Ririe Dam, in the 
adjacent Poplar quadrangle, the unit ranges from 1.8 to 20 m (6 to 66 ft) 
thick, with an average of about 9 m (30 ft) (Patrick and Whitten, 1981). Well 
logs indicate that the tuff thins north to south across the map. The tuff ranges 
from about 15 to 34 m (50 to 110 ft) on the north, and about 4 to 6 m (14 
to 19 ft) on the south. Paleomagnetism is transitional with subhorizontantal 
inclination and southwest declination (Reynolds, 1977). Fluxgate measure-
ments generally give inconsistent normal polarities. Exposures are limited 
to steep gullies in the northeastern portion of the quadrangle.

Basalt of Rexburg (Pliocene)—Dark-gray columnar-jointed flows of dense to 
vesicular and diktytaxitic basalt containing phenocrysts of plagioclase and 
olivine. Shown as Qel/Tbr where covered by loess. Informally named for 
exposures in the adjacent Rexburg quadrangle. Maximum exposed 
thickness is about 50 m (165 ft) in the Ririe quadrangle. In SW 1/4 of sec. 
28, T. 5 N., R. 40 E., 8 to10 lava flow units about 40 m (130 ft) are exposed. 
Individual flows have thicknesses of 3 to 4 m (10 to 13 ft). Paleomagnetic 
analyses (Table 1) from the top and bottom of this section indicate reversed 
polarity for the unit. Dated by 40Ar/39Ar in the adjacent Rexburg quadrangle 
at ~3.6 Ma (Table 2). 

Rhyolitic volcanic rocks of the Heise Volcanic Field, undivided (Pliocene-Late 
Miocene)—Welded rhyolite tuffs, pumice, volcaniclastic sediments, and 
rhyolite lava flows. Not exposed in the map area. Regional exposures and 
well logs suggest that the Blacktail Tuff (6.62 ± 0.03 Ma) and Kilgore Tuff (4.45 
± 0.05 Ma) may be present in the subsurface (Engleman and others, 2013; 
Morgan and McIntosh, 2005; Proska and Embree, 1978; Proska and Hack-
man, 1974; Doherty, 1976).
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Table 3. Major oxide and trace element chemistry of samples collected in the Ririe quadrangle.

Sample
number Latitude Longitude Unit name

Map 
unit SiO2 TiO2 Al2O3 P2O5FeO* MnO LOI SumMgO CaO Ni Cr Sc V Ba Rb Sr Zr Y Nb Ga Cu Zn Pb La Ce Th UNdNa2O K2O

Trace elements in parts per millionMajor elements in weight percent

* Major and trace elements are not normalized; total Fe expressed as FeO.
All analyses performed at Washington State University GeoAnalytical Laboratory, Pullman, Washington.

4299B 43.720 -111.751 basalt of Rexburg Qbr 46.75 2.966 14.94 14.51 0.209 6.76 10.03 3.01 0.41 0.383 -0.65 99.96 78 58 36 327 288 7 255 198 37 18 23 100 140 4 19 42 0 24 2

Sample
number Latitude Longitude Plateau Age (Ma)

*Weighted average of three plateau ages from three separates from 
the same sample.
Analyses performed by Brent Turrin, Rutger University, 1/19/2012.

08-372A 43.71567 -111.75017 3.29±0.02*

Table 2. 40Ar/39Ar age for
basalt of the Ririe quadrangle.

Sample
number Latitude Longitude

Unit 
name n D I α95 R κ Polarity Treatment

n = number of cores used/number of cores measured.
D = site mean declination of characteristic remanent magnetization (ChRm).
I = site mean inclination of ChRM.
α95 = confidence limit for the mean direction at the 95% level.
R = resultant  vector.
κ = precision parameter.
Polarity: N = normal; R = reverse.
Treatment: method used to isolate ChRM; demagnitization step or PCA (principal component analysis of steps).
*Analyses performed by Duane Champion, U.S. Geological Survey; all other analyses performed in IGS 
paleomagnetism laboratory.

08P02 Tbr 43.72921 -111.76045 8 194 -61.5 2.3 6.995 1162 R 40

08P03 Tbr 43.72963 -111.76076 7 201 -56.4 6.5 7.978 314 R 40

4299B* Tbr 43.720 -111.751 6 194 -61.6 2.8 6.992 330 R PCA

Table 1. Paleomagnetic data for the Ririe quadrangle.

Disclaimer: Although this map was compiled from digital data that was 
successfully processed on a computer system using AutoCAD and ESRI 
ArcGIS software at the Idaho Geological Survey (IGS), no warranty, expressed 
or implied, is made by the IGS regarding the unity of the data on any other 
system, nor shall the act of distribution constitute any such warranty. The IGS 
does not guarantee this map or digital data to be free of errors nor assume 
liability for interpretations made from this map or digital data, or decisions 
based thereon. 


