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PREFACE

The US Army Engineer Waterways Experiment Station (WES) was authorized
to conduct this study by the US Army Engineer District, Walla Walla, by
Appropriation Order No. E86860001 dated 4 October 1985.

This study was prepared by Dr. E. L. Krinitzsky and Mr. Joseph B. Dunbar
of the Earthquake Engineering and Geosciences Division (EEGD), Geotechnical
Laboratory (GL), WES. Illustrations were prepared by Mr. Dale Barefoot, EEGD.
Field investigations at Ririe Dam and vicinity were made by Dr. Krinitzsky;
Dr. David B. Slemmons, and Mr. A. R. Rameli, Consultants of Reno, Nevada; and
Mr. Fred J. Miklancic of the Walla Walla District. The project was under the
general supervision of Dr. A. G. Franklin, Chief, EEGD, and Dr. W. F. Marcuson
I11, Chief, GL.

The Commander and Director of WES is COL Larry B. Fulton, EN. The
Technical Director is Dr. Robert W. Whalin.
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GEOLOGICAL AND SEISMOLOGICAL EVALUATION OF EARTHQUAKE
HAZARDS AT RIRIE DAM, IDAHO

PART 1: INTRODUCTION

Background

This report supplements and updates a previous Waterways Experiment
Station report on the geology and seismicity of Ririe Dam in Idaho. The
earlier report by Patrick and Whitten (1981) was presented as a Miscellaneous
Paper (GL-81-7) under the title "Geological and Seismological Investigations
at Ririe Dam, Idaho.” The current report incorporates new data and viewpoints
developed in this region for Blackfoot Dam (Krinitzsky, 1987), Palisades Dam
(Piety et al., 1985 and Adhya, 1983) and work done by Slemmons (1980) and
Slemmons and Ramelli (1986).

Purpose and Scope

The purpose of this investigation is to define the maximum potential for
earthquakes at Ririe Dam and to provide appropriate ground motions for
earthquake shaking at the dam. These ground motions are for use in the design
analysis of the present earth dam and associated structures.

This investigation includes both a geological and seismological study and
consists of the following parts: (a) an examination of the local and regional
geology including an evaluation of active faulting, (b) a review of the
historic seismicity of the area under study, and (c) the determination of the
source and magnitude of maximum earthquake(s) that may affect the damsite and

the attenuated peak ground motions that would be produced at the damsite.

Study Area

The area covered by this study includes that portion of the western
United States in which earthquakes have occurred that might be felt at the
damsite, roughly the area enclosed by a circle with a 200 km (125 miles) radius
with the damsite located at the center of the circle. The study area includes

L
portions of Idaho, Wyoming, Utah, and Montana. Extremely severe earthquakes,




centered outside the study area, are examined on an individual basis to
determine their effects, if any, in relation to the damsite.

Ririe Dam is located in southeastern Idaho on Willow Creek, a tributary
to the Snake River. The damsite is located in Bonneville County, approximately
25 km (15 miles) northeast of Idaho Falls, the nearest major city.
Construction of the dam was begun in 1967 and was completed ten years later.
The dam was designed and constructed by the U.S. Army Engineer District, Walla
Walla, and in 1978 was transferred to the U.S. Bureau of Reclamation for
operation.

The dam embankment is 76.5 m (251 ft) high, 256 m (840 ft) long, and
12.2 m (40 ft) wide at the crest. The lake at its maximum pool elevation of
5119 ft has a storage capacity of apprbximately 100,000 acre-ft. The dam

serves for flood control, recreation, and irrigation.




PART II: GEOLOGY

Regional Geolo

Introduction

Ririe dam and reservoir are located on the northern margin of the Basin
and Range Province (see Figure 1). Less than 5 km (3.1 miles) to the north is
the southern edge of the Snake River Plain, a vast lava plain stretching across
the entire width of southern Idaho. The eastern portion of the Snake River
Plain adjoins the Yellowstone and Island Park Calderas. Calderas, the sites of
former volcanic activity, are large volcanic depressions which are more or less
circular in shape. East of the damsite is the western boundary of the Rocky
Mountains, which is separated from the Basin and Range Province by a nearly
continuous north-south fault zone composed of the Grand Valley, East Cache, and
Wasatch faults.

Along this north-south zone, there is a broader zone of seismicity which
is known as the Intermountain Seismic Belt. The fault boundary marks the edges
between subplates of the North American Plate (Smith and Sbar, 1974). The
Yellowstone and Island Park Calderas are sites of geologically very recent
volcanism. Ririe dam and reservoir are situated within this active zone of
seismicity and volcanism as will be noted in more detail later.

Snake River Plain

The Snake River Plain extends along Idaho’s southern border for about 500
km (310 miles) in length and 80 to 110 km (50 to 68 miles) in width. The plain
derives its name from the Snake River which flows west along most of its
southern boundary. As the name implies, the Snake River Plain is relatively
flat in comparison to the rugged mountain ranges that border it. The plain
ranges in elevation from approximately 1585 m (5200 ft) above sea level on the
east, in the vicinity of Ririe Dam, to approximately 670 m (2200 ft) above sea
level on its western margin, near Boise.

Malde (1965) describes the Quaternary stratigraphic section in the Snake
River Plain as about 1500 m (4900 ft) thick and involving the interplay of
volcanism and alluvial sedimentation. The eastern and western parts of the
plain differ both in structure and physiography. Gravity and magnetic data

identify a distinct structural contrast between the eastern and western
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ROCKY MOUNTAIN TRENCH
MISSION FAULT ZONE
MADISON FAULT ZONE
HEBGEN FAULT ZONE
YELLOWSTONE CALDERA
ISLAND PARK CALDERA
GRAND VALLEY FAULT ZONE
EAST CACHE FAULT ZONE
WASATCH FAULT ZONE
SEVIER FAULT ZONE
HURRICANE FAULT ZONE
PAUNSAUGUNT FAULT ZONE
ESCALANTE DESERT CALDERA
RIO GRANDE VALLEY

Figure 1. Location of Ririe dam and reservoir and major geologic
features (from Smith and Sbar, 1974)
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portions. The difference in physiography between the eastern and western
portions is primarily caused by the Snake River. The western portion of the
plain has been deeply dissected by the Snake River and much of the Quaternary
deposits that make up the plain in its deep valley are exposed. The eastern
portion of the plain, in contrast is nearly level and composed of extensive
basaltic lava flows which are primarily Quaternary in age.

The geologic complexity of the eastern portion of the Snake River plain
is shown in Figure 2 (from Malde, 1965). The bulk of the rock comprising the
eastern portion of the plain is volcanic in origin. The geology near Ririe Dam
consists of rocks ranging in age from Late Tertiary to the present. The most
recent rocks are of volcanic origin, most notably those related to Yellowstone
Park. The trend of the eastern Snake River Plain is toward the northeast at an
oblique angle to the general north-south trend of the older deformed
sedimentary rocks which border the plain. The evolution of the Snake River
Plain is believed to have begun during the Late Tertiary, in Miocene time
(Leeman, 1982). The age distribution of volcanic deposits comprising the
plain show a definite age relationship with location on the plain. The
volcanic rocks become progressively younger toward the east (Armstrong, Leeman,
and Malde, 1975; Luedke and Smith, 1983; and Kuntz et al, 1986). The most
recent location for volcanic activity is the Yellowstone Park area.

The character of the underlying subsurface geology of the eastern Snake
River Plain is only partially understood, with information primarily from
gravity and magnetic surveys (Mabey, 1978a, 1978b, and 1982). A gravity survey
defines changes in the mass properties of the underlying rock, which relates to
variations in subsurface density. Included on the geologic map of the eastern
Snake River Plain in Figure 2 is a generalized Bouguer gravity map (after Hill
et al., 1961 and LaFehr, 1962). The map identifies an anomalous gravity high
over the plain. Note that the values over the plain are less negative than
over the surrounding area.

A more detailed Bouguer gravity map of southeastern Idaho is presented in
Figure 3 (after Mabey, 1978b; from Mitchell et al., 1980). Also shown is an
interpreted boundary between the plain and the adjacent physiographic
provinces., Contours over the plain range from a negative 120 to a negative 160
mgals, In contrast to the region surrounding the plain, which range from 160 to

180 mgals and higher. Ririe Dam is located on the margin of a pronounced
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gravity low which is defined as the Rexburg caldera complex and a more linear
low over Swan and Grand Valleys. The Rexburg caldera is discussed in greater
detail in the following section. Swan and Grand Valleys are fault-bounded
graben valleys.

Figure 4 shows an aeromagnetic map of southeastern Idaho (from Mabey,
1978a), which complements the gravity map presented above. Flight elevations
for the survey on which the map is based are 2750 to 3700 meters above sea
level. A magnetic survey measures variations in the intensity of the earth's
magnetic field. These variations are related to major differences in rock
types in the earth’s crust and reflect the concentrations of magnetic minerals,
primarily magnetite. The aeromagnetic map shows a series of structures beneath
the Snake River Plain that are anomalous compared to the adjacent areas. The
Snake River Plain is characterized by a complex of local highs and lows. Ririe
Dam is situated between a magnetic high and a pronounced low near the
intersection of Swan and Grand Valleys with the Snake River Plain (area bounded
by the dashed line). The low corresponds to the Rexburg caldera.

Mabey (1978a and 1982) interpreted the gravity and magnetic data to
indicate crustal thinning under the eastern portion of the Snake River Plain.
The crust beneath the plain consists of a thin upper layer overlying a thick
block. Composition of the upper layer is primarily volcanics as illustrated by
the numerous calderas (Rexburg and Island Park) and the magnetic anomalies.
Formation of the thin upper layer is by extensive flows of basaltic lavas. The
thick lower block is poorly understood, but is believed to represent magmatic
material. A mantle hot spot or plume may have generated the lower block as the
volcanic activity in the plain moved during very recent geologic time to its
present position at Yellowstone (Mabey, 1982; Smith and Sbar, 1974; and Leeman,
1982). Mabey (1982) concluded about the Snake River Plain:

“"The Snake River Plain is a major feature in the crust.
Active volcanism, open fissures, and evidence of continued subsidence
show that the plain is an active structure that continues to develop.”

Rexburg Caldera
The large, circular, negative gravity anomaly beneath the city of Rexburg

and near Ririe Dam has been interpreted as a volcanic caldera based on geologic
and geophysical evidence (Prostka and Embree, 1978 and Mabey, 1978b). A

detailed Bouguer gravity map of the Rexburg caldera is presented in Figure 5
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(after Mabey, 1978b; from Mitchell et al., 1980). The circular pattern of the
anomaly is clearly identified by the gravity map. Contours range from a high
of a negative 150 mgal along the margins of the caldera, to a low of a negative
180 mgal at Menan Buttes near the western side of the caldera. A gravity high
at Heise Hot Springs and a linear low that trends to the northwest-southeast
are located on the southern margin of the caldera.

The Rexburg caldera complex is 55 km in diameter and was active
approximately 6.5 million years before the present (Embree et al., 1982).
Tertiary volcanics associated with the complex are exposed around the margins
of the caldera and are mapped as the Tuff of Spring Creek. The steep gravity
gradients on the southwestern margin of the caldera suggest, according to Mabey
(1978b), that the caldera is filled with 1.0 to 2.5 km of low density
materials.

Heise Hot Springs

Heise Hot Springs, a popular resort area along the Snake River, are
approximately 8 km (5 miles) northeast of Ririe Dam. Heise is situated along a
northwest trending fault zone that has experienced movement during Pleistocene
time (Witkind, 1975b, and Slemmons and Ramelli, 1986; see Appendix C). Heise
fault in Swan and Grand Valleys is an extension of the faults of the Basin and
Range structures. The Heise fault forms a southwest facing scarp with as much
as 300 m (985 ft) of relief. The scarp is uneroded and youthful in appearance
with patches of travertine from recently active springs. It is parallel to and
near the crest of the gravity and magnetic anomalies examined in the preceding
figures (Mabey, 1978b). The intent of this discussion on the Heise Hot Springs
is to identify and define one of the important regional geologic and structural
features that is in close proximity to the dam. A more detailed evaluation of
faulting near the damsite, including the Heise fault, will be presented in a
later section of this report.

A prominent magnetic and gravity high within the Rexburg caldera is
coincident with the Heise Hot Springs. Mabey (1978b) interpreted the
geophysical evidence as indicating that the magnetic high in Figure 6 was
produced in part by a large buried intrusive body. The geology tends to
support this interpretation as Mesozoic sedimentary rock overlain by Tertiary
rhyolite flows and tuffs outcrop on the fault scarp. In addition, rhyolite
dikes are locally abundant. East of the Heise Hot Springs, at a distance of

13
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approximately 8 km, are coincident gravity and magnetic lows interpreted as
different density and magnetization from what is found in the surrounding rock
mass (Mabey, 1978b).

Figure 7 presents an interpretation of the geophysical data for the Heise
Hot Springs (after Mabey, 1978b; from Mitchell et al., 1980). The profile
indicates that the area of the Snake River Valley to the southwest of Heise is
composed of a thick sequence of Cenozoic rock. The gravity high at Heise
corresponds to a thin layer of Cenozoic rock under which is located the apex of
the intrusive mass. The Cenozoic rock southwest of Heise is in the structural
low which corresponds to the Swan and Grand Valleys which intersect the Rexburg
caldera. The exact age of the underlying intrusive mass is unknown, but it may

be the same as the rhyolite dikes which are locally abundant.

Local Geology and Stratigraphy

The rocks underlying Ririe Dam and reservoir consist primarily of
volcanics of Tertiary age. The geology for the damsite and surrounding area is
shown in Figure 8. A detailed legend for the map is presented in Appendix A
(after Ross and Forrester, 1947). Five major lithologic and stratigraphic
units occur at the damsite. These units are exposed in the valley walls of
Willow Creek or are covered with either Holocene or Pleistocene alluvium,
colluvium, or loess.

The foundation for Ririe Dam was excavated along the centerline of the
dam to rock. The foundation ranges from bedrock along the centerline of the
dam, to in-situ coarse sands and gravels beneath the upstream and downstream
toes of the dam. The alluvium underlying the dam varies in thickness from a
few feet along the right and left abutments, to more than 70 ft at the deepest
portions of Willow Creek Canyon. The valley fill at the damsite consists of
sandy gravels overlain by 5 to 10 ft of soft, silty clays and clayey silts.

Overlying the flat uplands that border Willow Creek Canyon is a thin
veneer of Pleistocene loess. Beneath the loess are five major geologic units
(after U.S. Engineer District, Walla Walla, 1977). The major units from
youngest to oldest are:

(a) An intracanyon basalt flow composed of blue-gray to black por-
phyritic, vesicular basalt having a columnar structure.

15
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(b) Rhyolite which is moderately hard to soft, pink to gray in color,
fine-grained, with needle-shaped crystals generally with a thin
(plus or minus five foot) layer of volcanic ash at the bottom of the
flow.

(c) Channel gravels which are found upstream of the dam axis in the
right abutment and consist of cross-bedded sand, gravels, and clay.

(d) Basaltic lava flows which are porphyritic and vesicular, interca-
lated with sedimentary interbeds of clay, silts, and flow breccia.

(e) The Salt Lake Formation, locally called Basal Sediments, composed of
a series of sandstones, siltstones, and claystones, with at least
one known intercalated rhyolite flow.

A detailed description of each major unit and its relationship to the
overall damsite stratigraphy is presented in Appendix B. Descriptions in
Appendix B are taken from the earlier Patrick and Whitten (1981) report on
Ririe Dam. Also included in Appendix B is a large-scale geologic map of Ririe
Dam (Figure Bl, from Prostka and Hackman, 1974) and a detailed stratigraphic
section (Figure B2, from U.S. Army Corps of Engineers, Walla Walla, 1977) for
the dam. The latter identifies the principal stratigraphic horizons within
each geologic unit. Included in the stratigraphic column is the minimum,
maximum, and average thickness for each of these units as well as their
relative ages based on potassium/argon dating techniques (from Patrick and
Whitten, 1981).

Figure B3 in Appendix B shows the locations of 5 geologic cross-sections
constructed from foundation borings (Figures B4 through B9, from Patrick and
Whitten, 1981). The five cross-sections are constructed along the centerline
of the dam (profile 1), upstream of the dam and normal to Willow Creek
(profile 2), parallel to Willow Creek and normal to the dam (profiles 4 and 5),
and near the vicinity of the right abutment (profile 3). The generalized
sections identify the stratigraphic complexity of the underlying geology and
identify faulting beneath the dam (profiles 1 and 2). The entire vertical
section defined by the geologic profiles measures approximately 122 meters (400
ft), as measured between the flat upland surface bordering Willow Creek and the
deepest boring beneath the dam.

The rock units comprising the foundation of the damsite are examined in
great detail in the original foundation report with several types of geologic

data examined, including numerous borings, seismic surveys, test pits, and
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field mapping. The results from these detailed studies show that the basalt
units which form the foundation for the dam dip in a southwesterly direction
from 5 to 30 degrees.

Regional Faults

Mapped Faults
The patterns formed by the major faults in southeastern Idaho and

adjacent states are shown on Figure 9. The faults were compiled from several
sources: the Idaho state geological map by Ross and Forrester (1947), the
Wyoming state geological map by Love, Weitz, and Hose (1955), the Utah state
geological map by Stokes (1962), and the Montana state geological map by Ross,
Andrews, and Witkind (1958); also used were active fault maps for the states of
Idaho and Wyoming by Witkind (1975a and 1975b) and the Quaternary fault map of
the Basin and Range and Rio Grande Rift by Nakata et al. (1982). Included on
Figure 9 are the locations of historic earthquakes of MM intensity VI or
greater (data from Stover et al., 1986). These earthquakes will be discussed
in greater detail in a later section of this report.

Two contrasting tectonic processes are imprinted onto the region shown in
Figure 9. The first was a period of compressive stresses in the crust that
occurred during the late Mesozoic and early Cenozoic (approximately 150 to 50
million years before the present) and that produced major thrust faulting
throughout Wyoming, Idaho, and Utah (Wiltschko and Dorr, 1983 and Woodward,
1986). The second period began sometime in the middle Cenozoic, approximately
30 million years before the present in the middle Tertiary, and continues on
into the present. This later tectonism was marked by a change in crustal
stress that produced normal faulting, volcanism, and created the Basin and
Range Province. Regional extension of the northern Basin Range Province became
apparent during the later part of the Tertiary, about 17 million years before
the present (Mabey et al., 1983).

Formation of the Snake River Plain began during the second tectonic
period. The Snake River Plain is a crustal depression produced by rifting
related to regional plate tectonics, downwarping, and normal faulting along the

margin of and parallel to the plain (Gable and Hatton, 1983). Downwarping of
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the plain was produced by isostatic adjustments of the dense magmatic fill that
was previously cited. The Basin and Range Province, in contrast, has
experienced continuous uplift during the late Tertiary and Pleistocene (from 2
million years to 10,000 years before the present). Uplift has continued in the
Holocene (10,000 years to the present) and is continuing today. Associated
with this uplift has been extensive normal faulting.

Gable and Hatton (1983) identify the rate of uplift at the Ririe Dam area
as 1 mm per year. This value is for the region surrounding the Island Park
caldera. The uplift is as much as 14 mm per year for the Yellowstone caldera.
The rates identified on their map are based on leveling data obtained during
the last 60 years.

The general trend of faulting in southeastern Idaho is north-northwest to
south-southeast. The Snake River Plain abruptly truncates this pattern of
faulting and the plain is itself essentially devoid of faulting. Equally
absent from the plain are earthquakes comparable to those in the adjacent
areas. The absence of major faulting and significant earthquakes in the
eastern Snake River Plain indicate that the earth's crust in this area is in a
state of low stress. The lack of faults and of earthquakes, as well as high
heat values that are associated with the plain, suggest that the release of
strain energy beneath the plain may be occurring by creep rather than the
sudden subsurface crustal ruptures that produce earthquakes (Pennington, et
al., 1974 and King and Doyle, 1982).

A schematic cross-section showing the geologic structure near Ririe Dam
is contained in Figure 10 (after Dixon, 1982). Ririe Dam is situated adjacent
to the Grand and Swan Valley graben which becomes the Palisades graben to the
southeast. To the west of Ririe Dam is the Bear Lake graben. A graben is a
structurally formed fault bounded valley with the faulting parallel to the
long sides of the valley. As shown by the geologic cross-section, the
structure of the northern Basin and Range Province is complicated by intense
subsurface regional faulting. Many of these faults are listric meaning that
they flatten at depth and become extremely low-angle. The deep, nearly
horizontal faults are regional thrust faults related to the tectonism
associated with compressive stresses during the late Mesozoic. Under the
present tectonism, these faults are believed to be reactivated as extensional

faults. The near surface, more vertical-dipping faults are the result of the
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late Cenozoic extension. This extension is responsible for forming the graben
valleys identified on the section. Quaternary valley fill and volcanic
deposits were introduced into these structurally controlled valleys. The rock
types underlying these grabens range in age from the Precambrian (before 600
million years) to the present.

Active Faults

Major active faults in the region surrounding Ririe Dam are shown in
Figure 11. The faults were mapped primarily by Witkind (1975a and 1975b) with
slight modification to the faulting near the damsite by Slemmons (1986). The
information provided by Witkind for the individual faults shown in Figure 11
are presented in Table 1. Takble 1 lists the type of faulting, the age of
latest movement, direction of movement, the length of the fault segment, the
earthquake potential for each fault, and relevant charactevistics of each
fault. Figure 12 presents the nomenclature of the major fault valleys. Figure
13 presents the fault trends along with their most recent movement.

Within a 50 km (31 mile) radius of the damsite the major faults are
almost entirely associated with the main Snake River or Grand Valley faults.
These faults represent activity ranging from the late Cenozoic to the Holocene.
Faulting within a 50 km radius of the damsite consists of the Snake River fault
(No. 23), Grand Valley fault (No. 22), Heise-Rexburg fault (No. 98), the
unnamed fault along the west side of Teton River Valley (No. 87), and numerous
smaller unnamed and unnumbered faults within Swan Valley.

The Grand Valley, Heise-Rexburg, and several smaller unnamed segments
collectively form the Grand Valley Fault system. This svstem begins near
Rexburg on the Snake River Plain and extends southeast along the eastern side
of the graben valley through Antelope Flat, Swan Valley, and into Star Valley.
The Grand Valley fault system extends in a discontinuous manner for
approximately 160 km (100 miles). The western side of Grand Valley is bounded
by the Snake River fault which is not included in the Grand Valley fault
system.

Grand Valley Fault

Holocene age movement is shown on the Witkind map (1975b) of Idaho for
three segments of the Grand Valley fault: about 20 km (12 miles) southeast of
the dam (fault No. 22), and further to the southeast, beginning approximately
80 km (50 miles) from the damsite (No. 20 and 21) (see Figure 11). Closer to
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the damsite, Pleistocene movement is shown for the segment near the damsite.
This fault along its entire length is identified as a high angle normal fault
with the west side downthrown. A view along a segment of the Grand Valley
fault near the damsite is shown in Figure 14. The photograph shows the great
amount of relief on the fault scarp. The view in the photo is 24 km (15 miles)
almost due east of the damsite at Antelope Flat, at the mouth of Black Canyon.

The descriptions accompanying fault segment No. 22 of the Witkind map
(see Table 1) indicate that the latest movement occurred in the late Cenozoic,
with no mention of the Holocene activity which.is identified on the map.
Patrick and Whitten (1981) noted the inconsistency between the map and the
accompanying descriptions in their report. They concluded, after discussions
with various USGS personnel, that the Holocene classification was
"...subjective and was not based upon definitive stratigraphic or seismological
evidence.” They further stated that the Holocene classification may have been
related to earthquake activity associated with loading of Palisades Reservoir.
It was felt that the discrepancy in age may have been due either to error or
somehow related to induced seismicity on the fault from Palisades reservoir.

On the other hand, physiographic evidence in the fresh, uneroded scarp and the
fresh patches of travertine along the scarp strongly suggest Holocene activity.

Further to the southeast, Holocene movement is identified for two
segments forming the Grand Valley fault system. These two segments are part of
the Star Valley fault (No. 20 and 21) and show displacements in Holocene beds.
Figure 15 shows a photo of the Star Valley fault segment. It would be unlikely
that Holocene movement could occur in this part of the valley and not be
possible throughout the entire valley. Thus, Holocene movement can be inferred
as a possibility on this basis in the Heise area.

North of the damsite, trenching was done by Williams and Embree (1978)
along a segment of the Rexburg fault (No. 98). This fault extends en echelon
to the Heise fault south of Rexburg, and continues en echelon into the main
trunk of the Grand Valley fault in Antelope Flat. The surface trace of the
Rexburg fault segment measures approximately 18 km (11.5 miles) in length. The
configuration of the Rexburg fault shown in Figure 11 is based upon mapping by
Slemmons (1986). Trenching by Williams and Embree identified a 1.6 m
displacement in middle to late Pleistocene deposits that were unconformably

overlain by younger alluvial deposits that were not offset. It was determined
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Figure 14. A view of the Grand Valley fault at Antelope Flat
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Figure 15. A view of the Grand Valley fault in Star Valley
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by Williams and Embree that the average slip rate during Pleistocene time,
based on a total offset as measured on the Huckleberry Ridge Tuff, a key marker
bed, was 1 m per 20,000 years for that portion of the fault.

A view of the Rexburg fault is shown in Figure 16. The fault scarp
abruptly cuts the nearly flat, featureless surface of the southeastern Snake
River Plain. Approximately 30 m (100 ft) of relief occurs at the location
shown in the photo. The youthful age of the Rexburg scarp is shown from the
drainage channels that intersect the scarp face. The young age of the scarp is
indicated by an absence of alluvial fans at the bases of these channels. In
addition, these channels have failed to significantly erode into the highly
erosive loess-covered surfaces on the upper block of the fault which would be
the case if the scarp was Pleistocene in age. The physiographic evidence
suggests that the scarp may be Holocene in age. The Pleistocene dating by
Williams and Embree (1978) may have been of a different poriton of the fault or
of another fault.

Figure 17 shows a view along the Heise segment of the Grand Valley fault.
The location is southeast of Rexburg at Heise Hot Springs. The relief between
the base and the crest of the fault scarp is approximately 20 m (66 ft). The
fault cuts greatly shattered and erodable volcanics. The total relief along
segments of the Heise scarp are in excess of 330 m (1000 ft) at several
locations. At the location shown in Figure 17 are thermal springs and
travertine deposits. It was noted in a previous section of this report that
locally the Heise Hot Springs are the site of gravity and magnetic anomalies.
These anomalies are partially explained by the occurrence of a magmatic
intrusion in the shallow crust beneath Heise. The active hot springs and the
freshness of the fault scarp despite the easily erodable materials in the scarp
are suggestive of extremely youthful fault movement.

Snake River Fault

The Snake River fault (No. 23) is the nearest major fault to the damsite
and forms the west bounding fault on the Grand Valley or Snake River graben.
The eastern side of this fault is downthrown and it extends southeast from the
Snake River Plain for approximately 80 km (50 miles). Witkind (1975b)
identifies the Snake River fault as having recurrent movement since the
Miocene. No movement is reported for this fault in the Pleistocene. Figure 18

shows a segment of the exposed fault partially covered by talus at its base,

30




Figure 16. A view of the Rexburg fault south of Rexburg
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Figure 17. A view of the Heise fault near Heise Hot Springs
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Figure 18. A view of the Snake River fault north of Pritchard Creek
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approximately 2.5 km (1.5 miles) north of Pritchard Creek and southeast of the
damsite 30 km (18.5 miles).
Teton Basin Faults

The remaining unnamed faults within a 50 km radius of the damsite, and
not associated with the Grand Valley or Snake River graben, are located east of
the damsite in the Teton Basin. These faults are mapped and described by
Witkind (1975a) as being Quaternary age (essentially Pleistocene) and they
trend in a northwesterly direction. Faulting in the Teton Basin consists of
several unnumbered and unnamed smaller faults and one longer fault. The longer
fault is Witkind's unnamed fault No. 87. The longer fault (No. 87) measures
approximately 30 km (19 miles) in length while the smaller faults in this same
vicinity measure between 10 and 15 km (6 to 9 miles).
Other Faults

Major faults located beyond a 50 km radius from the damsite are numerous
(see Figure 11). These faults occur in the many fault-bounded valleys that
parallel the general northwest-southeast trend of the Snake River graben.
Major faults in these structurally formed valleys include Jackson Hole (No. 34
and 35), Enoch (No. 84, 85, and 86), Bear Lake (No. 24 and 25), Gem (No. 32 and
33), and Marsh Creek (No. 63 and 65) Valleys.

Faults in the Vicinity of the Dam

Lineaments

The patterns formed by lineaments and possible faults near the damsite
are identified by the small scale aerial photograph in Figure 19. The
interpretation of the linear features shown on the photograph is presented on
the topographic map in Figure 20 (from Slemmons, 1986). The surface expression
of these linears is masked in part by loess soils. A detailed assessment of
surface faulting near the damsite is presented in Appendix C in a report by
Slemmons and Ramelli titled, "Seismotectonic Setting and Design Earthquakes at
Ririe Dam.”

A close-up view of a lineament is shown in Figure 21. The location is
south of the damsite and the feature trends approximately N 45 degrees W. It
is on a surface that is covered by loess soil. A close inspection along

several of these linear features in the canyon wall of Willow Creek, including
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Figure 21. A close-up view of a linear near Ririe Dam

37




the one shown in the photograph, identified no offset on these features.
Figure 22 is a view looking across a linear near the damsite and shows very
little topographic expression associated with the lineament.

The lineaments which are shown passing through Ririe Dam (see Figures 19
and 20) have not offset the stratigraphy in the canyon walls of Willow Creek.
Figure 23 and 24 are views of the right and left abutments. The thick light
colored layer in the photograph of the left abutment (Figure 24) is a shotcrete
cover and not an exposed lithological unit. As shown in both abutment
photographs, no offset is apparent on either valley wall.

The lack of vertical structural displacement on the plateau surface is
continuous throughout the rim of the canyon in which the reservoir is
contained. This stability suggests that the reservoir is in no danger of an
activated fault throw that could result in overtopping of the dam.

A possible explanation for the lineaments in the loess soils is that they
represent cooling fractures in the underlying volcanic rock instead of being
tectonic or structural in origin. Another possibility is that they indicate
vents through which lava was extruded onto the surface of the plateau. Figures
25 and 26 lend support to a volcanic origin instead of a tectonic one. Figure
25, a view of the right abutment along a portion of the dam’s spillway, clearly
shows the general horizontal layering of the volcanic stratigraphy. 1In
contrast, Figure 26, a view at the end of the spillway, shows an abrupt
thickening of the volcanic units at what may be the vent from which they
issued.

Surfa¢ _ Faults

The faults shown in Figure 20 are described by Slemmons (Appendix C) as
being of Quaternary age as they cut the Huckleberry Ridge Tuff, a volcanic
deposit having been extruded approximately 2.0 million years ago, very near the
Tertiary-Quaternary boundary (Christiansen, 1982). The lengths of these short
faults near the damsite are less than 5.6 km (3.4 miles) with displacements of
2 to 3 m (5-10 ft). Two ages of faulting are reflected in the patterns shown
in Figure 20, an older northwest-southeast series of faults and a younger
northeast-southwest series of faults,

The age of these faults is suggested by the thickness and displacement in
the loess deposits. The older northwest-southeast trending faults parallel and

are associated with the faults along the Grand Valley graben. The younger
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Figure 22. A view looking across a lineament near Ririe Dam
showing little topographic relief
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Figure 23. A view of the right abutment showing the stratigraphy
in the canyon wall of Willow Creek
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Figure 24. A view of the left abutment showing the stratigraphy
in the canyon wall of Willow Creek
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Figure 25. A view of the right abutment spillway showing
the horizontal stratigraphy
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Figure 26. A view of the right abutment at the end of the spillway
showing the change in lithology and orientation
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northeast-southwest trending faults are described by Slemmons (Appendix C) as
being secondary features related to subsidence of the Snake River Plain.
Supporting a subsidence origin for these faults is the attitude of the
Huckleberry Ridge Tuff. The Huckleberry Ridge Tuff dips to the north, toward
the Snake River Plain. The direction of dip indicates that subsidence and
warping has been a continuous process in the Quaternary.

Subsurface Faults

Faulting beneath the dam has received a very close examination on at
least two separate occasions: during the construction of the dam, and again,
later in the study by Patrick and Whitten (1981). Three subsurface faults were
identified at the damsite during construction. Two faults were identified
beneath the dam and a third occurred beneath the intake tower. Only the
faulting beneath the dam is shown by the cross-sections in Appendix B. No
extension of the faulting beneath the dam was visible on aerial photography nor
was there any evidence to be seen in the field reconnaissance studies that were
made .

The major fault nearest the right abutment of the dam is shown in a
geologic section (centerline section) in the foundation report as a normal
fault with the downthrown side occurring on the right abutment block (U.S. Army
Corps of Engineers, Walla Walla, 1977). Geologic profile 1 (Appendix B, Figure
B4) is very similar to this section (Patrick and Whitten, 1981). Although this
fault is shown as a normal fault by Patrick and Whitten, it is described in the
original foundation report as a reverse fault, striking approximately N 40
degrees W and dipping toward the southeast at 42 to 56 degrees, with
approximately 60 or more feet of vertical displacement. The interpretation of
reverse faulting was discounted by Patrick and Whitten on the basis that the
present tectonism for the entire region is characterized by normal faulting.

The remaining two faults at the damsite, the smaller fault beneath the
dam near the left abutment and the fault beneath the intake tower, upstream
from the dam, were not described in any detail in the foundation report. The
left abutment fault was believed to be associated with the major fault closest
to the right abutment. The third fault at the damsite was located beneath the
intake tower, striking approximately normal to the axis of the valley, with
displacement limited only to the older basalt (Qbo) and not the overlying
rhyolite (Qyh). Since the overlying younger rhyolite was not displaced, it was
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concluded that the intake tower fault was a dead fault based on the age of the
rhyolite flow (Patrick and Whitten, 1981).
Interpretation of Subsurface Faults

The significance of the faulting beneath the dam was examined in great
detail by Patrick and Whitten (1981). Their study included additional
drilling, radiometric age dating of major stratigraphic units by potassium-
argon methods, and structural and isopach mapping of various key stratigraphic
horizons. The results from the radiometric dating of the major stratigraphic
horizons are included on the stratigraphic column in Appendix B (Figure B2).

The geological interpretation and identification of the structure at
Ririe Dam is complicated by the thin veneer of loess covering the bluff surface
and also by the dam and filled reservoir which covers locations of interest.
Surface expression of the faulting beneath the dam is not visible in the canyon
walls of Willow Creek. A primary objective of the drilling program in the
Patrick and Whitten study was to establish the age of the faulting and its
lateral extent away from the dam.

The drilling was confined chiefly to the part of the valley near the
right canyon wall, a short distance downstream from the dam. The strike (N 40
degrees W) of the major fault beneath the dam was believed to extend to this
location where the fault was projected in a downstream direction. A minimum
age could be determined for the faulting beneath the dam by locating the fault
in drill holes, and showing that it did strike into the canyon wall in the
subsurface, and from detailed mapping of the layers exposed in the canyon wall
where there is no displacement. This minimum age would establish whether the
fault is recent enough to be considered Eapable of generating earthquakes.

The conclusions from the exploratory drilling program indicated that the
major fault could not be dated by direct stratigraphic techniques, and it was
determined that the fault did not extend into the canyon wall. Furthermrore,
the results of this drilling strongly suggested that a topographic surface was
indicated rather than a fault scarp. Patrick and Whitten proposed that the
displacements were those of a past landslide. As partial support of this
interpretation, they cite Prostka and Hackman’'s geologic map (1974) for the
area, which shows that numerous landslides have occurred along Willow and
Meadow Creeks.

To establish whether the presumed fault beneath the dam was a slip face
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or detachment plane from a gravity slump or landslide, Patrick and Whitten
contoured and constructed isopach maps of the numerous marker horizons from the
available boring data to define the continuity and thickness of the various
marker horizons. In addition, they reconstructed the prefaulting stratigraphy
to logically explain the present structure. The landslide interpretation had
to explain the evidence for faulting which in the foundation consisted of
dislocations of marker horizons in borings, dislocations of marker horizons in
the foundation excavation, and the presence of a shear zone in the foundation

excavation. Their final conclusion is presented below:

"The integration of data derived from the structural
contour and isopach maps with the information derived from
the examination of field relations does not support the
existence of faults in the foundation. The abrupt change
in strike of the major offset downstream from the dam,
the significant topographic variation on the basal sedi-
ments and younger surfaces, the inability to recomstruct
rational prefault conditions, the lack of sheared or gouge
zones, and the presence of landslides strongly support the
conclusion that the identified offsets in the foundation
are topographic and that there are no active or capable
faults at the damsite.”

Thermal Springs

Thermal springs provide additional evidence for present-day tectonism as
they identify regions of shallow volcanic activity or areas of anomalous
crustal heat. Near Ririe Dam are located numerous thermal springs. Sites of
thermal springs and wells are shown in Figure 27 with data for these locations
presented in Table 2 (from Mitchell, et al., 1980). The listings in Table 2
for the wells and springs are grouped by county, followed by numbered location
in each county.

Often associated with thermal springs are travertine deposits that.can
develop great thickness over relatively short periods of time. One such
example of rapid development occurred in a newly drilled well at Soda Springs,
Idaho, where flows built a circular mound over 67 ft in diameter and 4-1/2 ft
high in six years (Krinitzsky, 1984). Travertine deposits may provide
additional confirmation of tectonic activity, even long after the spring has

ceased flowing. As was noted earlier, Heise Hot Springs is the site of thermal
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springs and there are travertine deposits on the fault scarp. Both are in
close proximity to the damsite.

The temperatures for the majority of thermal wells and springs near Ririe
Dam are less than 50 degree C. At only two locations are water temperatures
greater than 50 degrees. Both locations are on the Snake River Plain, in Clark
County and in Freemont County. The high concentration of thermal wells in
southern Freemont and northern Madison Counties are primarily a function of
population density and related drilling. Mitchell et al. (1980) associates
the thermal anomaly at this location to the Rexburg Caldera complex which

underlies this area.
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PART III: SEISMICITY

Distribution of Historic Earthquakes

The distribution of historic earthquakes for a portion of the
Interﬁountain Seismic Belt (ISB) is shown in Figure 28 for earthquakes of
magnitude 3 and greater (from Piety et al., 1985). Ririe Dam is located along
the western margin of this zone, which extends in a general north-south
direction from Arizona into northwestern Montana (Smith and Sbar, 1974). The
ISB is a zone of pronounced seismicity in the western United States. It is
characterized by numerous small to very large magnitude earthquakes. They are
generally shallow, the majority being less than 15 km in focal depth.

The earthquake record for this area in the western United States is the
shortest in the contiguous United States. The record dates from 1871 for the
area covered by this study, 109.5 to 114.0 degrees west longitude and 41.0 to
45.0 degrees north latitude, and from 1854 for the larger area covered by the
ISB. A listing of earthquakes of Modified Mercalli (MM) Intensity VI or
greater is presented in Appendix D (see Figure 9 for earthquake locations).
Included in Appendix D is the MM Intensity scale identifying the different
levels of earthquake severity. The list of earthquakes was derived from the
USGS Hypocentral Data Search Program on United States Seismicity Files by
Stover, Reagor, and Algermissen (1986).

Earthquakes less than MM VI were not considered in this review since
there are numerous moderate to major earthquakes in this area and the patterns
for minor earthquake activity have been studied extensively (Smith and Sbar,
1974 and Piety et al., 1985). The catalogue in Appendix D lists 31 events
between 1884 and 1983 that are greater than MM VI. The majority of earthquakes
are of MM VI, six earthquakes are of MM VII, three earthquakes are of MM VIII,
and two earthquakes are of MM X. Of the six MM VII events, the 1884 earthquake
at Bear Lake has been interpreted also as MM VIII (Arabasz and others, 1979)
and is shown as MM VIII in Figure 29. The locations of all historic
earthquakes of MM VII or greater for Idaho and adjacent states are shown in
Figure 29. An MM VIII earthquake is the threshold for which damage begins to
occur in buildings of good design and construction. The earthquakes in Figure

29 are randomly distributed throughout the area and they do not identify any
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dominant trends or major geologic structures.

Reiation of Seismicity to Geology

Smith and Sbar (1974) interpreted the pronounced seismicity along the ISB
to movement along subplates which comprise the North American plate. The
earthquakes occurring in this belt are associated primarily with normal
faulting and with strike-slip components of movement.

Fault plane solutions for earthquakes in the ISB are shown in Figure 30
(from Smith and Sbar, 1974). Earthquakes generated near the damsite are
characterized by normal faulting. Two major earthquakes greater than M = 7
have occurred in less than 30 years within 200 km (125 miles) of Ririe Dam.
These earthquakes are the Hebgen Lake and Borah Peak earthquakes. These two
earthquakes are the two largest in the historic catalogue for the study area.

The geodetic and seismological evidence from these two earthquakes
strongly suggest that both events occurred on normal faults dipping from 45 to
60 degrees (Doser, 1985 and Stein and Bucknam, 1985). At Hebgen Lake, the
vertical displacement was 6.7 m (22 ft), while the Borah Peak earthquake
produced 2.7 m (8.9 ft) of displacement. Single event displacements associated
with mapped Quaternary faults are comparable to displacements associated with
th.se two major historic earthquakes. This suggests that the Hebgen Lake and
®;cah Peak earthquakes are representative of large events that have produced
faulting near the damsite during the Quaternary.

The relationship between earthquake magnitude and surface rupture for the
ISB is based upon the historic record. From the few incidents of surface
rupture in the historic record, as compared to those incidents where no rupture
has occurred, a threshold magnitude is identified for the ISB which ranges from
M =6-1/2 to 6-3/4 (Piety et al., 1985). The rate of occurrence for these
events are so infrequent however, that their association with any particular
fault or structure cannot be determined. 1In the entire Basin and Range
Province (California, Nevada, Utah, Idaho, and Arizona), only six major
earthquakes have occurred over the last 100 years with magnitudes greater than
7 (Stein and Bucknam, 1985). Of these six, two are within the area of this
investigation.

In summary, the potential for faults to generate earthquakes in the Ririe
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Dam are has to be based on geologic and other evidence rather than a reliance
on the short record of seismicity. Nonetheless, the seismic history shows that
the faults in this area have been generating major earthquakes and are capable

of doing so in the future.

Microearthquakes

Distribution

Microearthquakes are small earthquakes, too small to be felt, but may be
recorded by sensitive instruments. Such events are useful for interpreting
tectcnic activity in an area. Microearthquakes are useful in identifying and
defining important crustal characteristics. These include areas where crustal
stresses are concentrated, the patterns of earthquake focal depths, the
geometry of major geologic structures, a clue to rates of earthquake
occurrence, and identification of mechanisms of fault movement.

Numerous studies of microearthquake activity have been conducted for the
Snake River Plain and for the northern Basin and Range, but the most detailed
monitoring program for the region was conducted by the Bureau of Reclamation
for Palisades Dam (Piety, et al., 1985). Their monitoring program initially
covered the Caribou, Snake River, and Salt River Ranges, the Grays Lake region,
and the boundary with the Snake River Plain, including the Ririe Dam area. The
Burzau’'s monitoring program covered a total area of approximat~ly 10,000 square
km (3,860 square miles) for a period of 60 days during the summer of 1982.
Their network was twice reorganized during this initial monitoring program to
respond to areas of pronounced microseismicity. 1In its final configuration,
the network encompassed only a portion of the Snake River Valley.

A second, less extensive monitoring program was initiated in the winter
of 1983 following the occurrence of a magnitude 4.2 earthquake less than 3 km
south of Palisades Dam. No damage was done to the dam. More than 60 small
aftershocks were recorded during this monitoring program following the main
shock.

Approximately' 600 microearthquakes were reported from both monitoring
programs with a location accuracy of less than 4 km (2.5 miles). The patterns
produced by microearthquakeé from the Bureau’s monitoring activity are shown in

Figure 31 (from Piety et al., 1985). Also shown is the major Quaternary
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faulting described by Witkind (1975a and 1975b). The general pattern of
microearthquakes is oriented northeast-southwest anc northwest-southeast.

The Bureau concluded from their limited monitoring program that the
distribution of earthquake epicenters did not generally reflect locations of
mapped Quaternary faults and that seismicity was "diffused and scattered.” Two
possible exceptions were noted. First, a possible linear trend was identified
for the southern end of the Teton fault (fault No. 34 from Witkind, see Figure
11), and second, the aftershocks associated with the magnitude 4.2 earthquake
near Palisades Dam were located down-dip of and possibly associated with the
Grand Valley fault.

The occurrence of earthquake activity as a result of reservoir loading at
Palisades Dam was considered in an earlier paper by Schleicher (1975). He
concluded after examining the local seismicity for the period 1960 to 1969,
that seasonal reservoir fluctuations were causing induced séismicity. It is
unknown whether the magnitude 4.2 earthquake recorded above is related to
reservoir loading or crustal disparities. Schleicher cites two cases where
M = 6+ earthquakes were attributed to reservoir loading.

The general pattern of microseismicity established by the Bureau's brief
monitoring program indicated that the Grand and Star Valley faults (fault No.
20, 21, and 22) were not readily distinguishable on the basis of seismicity
alone, even though this fault trend shows pronounced Holocene scarps. The
Bureau concluded that this lack of correlation is caused either by too short an
observation period, or that microseismicity for this area is not a precise
indicator of active faults.

Other monitoring programs of microseismicity include work by King and
Doyle (1983). Microearthquake monitoring of the eastern plain has been going
on since 1971. King and Doyle reported results obtained between 1972 and 1982.
Seismic activity is sharply diminished near and almost entirely absent on the
Snake River Plain. Seventy-eight events were located by their array from which
59 events were located outside of the Snake River Plain. As mentioned earlier,
the aseismicity of the Snake River Plain has been attributed to aseismic creep
by plastic deformation under conditions of high crustal heat (Pennington et
al., 1974 and King and Doyle, 1983).

Focal Depth of Microear'hquakes

Focal depths for ihe earthquakes in the ISB are mostly 20 km or less.

56




The frequency distribution of 350 earthquakes between 1961 and 1970 is shown in
Figure 32 (from Smith and Sbar, 1974). The full range of focal depths for the
ISB extends to 45 km.

Closer to Ririe Dam, the Bureau examined the distribution of focal depths
from their monitoring programs in 1982 and 1983 at Palisades Dam. Using only
those depths that were from data that could be calculated accurately,
approximately 10 percent of the Bureau’s data set, they determined that the
majority of events occurred at focal depths less than 10 km. An abrupt
decrease in events occurred at 10 to 12 km and below 16 km there were no events
recorded.

In an earlier study by Dixon (1982) of the Western Overthrust Belt using
seismic reflection profiles, listric faulting (curvilinear and usually concave
upward) was identified throughout the Paleozoic sediments comprising the Grand
Valley graben (see Figure 10 and Figure C6, Appendix C). Listric faulting
generally did not extend into the underlying basement rock. In contrast, the
hypocenter depth plots for the microearthquake data from Palisades Dam were
determined to extend into the basement rock using several different velocity
models. Microseismic monitoring at Palisades Dam defined earthquake activity
that extended deeper into the crystalline basement rocks than was previously
thought. Basement rock near Ririe and Palisades Dams occurs at depths of less
than 10 km. Seismic activity extends well below this level as shown by Figure
33 (from Piety, et al., 1985, sections after Dixon, 1982). As shown by the
three sections, seismic monitoring identified possible fault zones that
extended into the basement rocks.

The identification of earthquakes in the basement rocks near the dam
suggests that appreciable stress drops can be produced. Large stress drops are
necessary for producing large earthquakes such as those that occurred at Hebgen

Lake and Borah Peak.
Recurrence

The recurrence of earthquakes in the ISB has been defined by Smith and
Sbar (1974) as
Log N = 6.4 - 1.06 M
where N is the number of earthquakes and M is the Richter magnitude. Their
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Figure 32. Histogram of focal depths of felt earthquakes, 1961-1970, in the
Intermountain Seismic Belt (from Smith and Sbar, 1974)
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plot is based on 350 earthquakes of magnitude 3 or greater between 1961 to
1970. Smith and Sbar calculated a b value of 1.06. The Bureau of Reclamation
calculated a b value of 0.96 for the portion of the ISB that they studied,
approximately a 55,000 square km area in the tri-state area of Idaho, Wyoming,
and Utah (Piety et al., 1985).

The Bureau’s recurrence estimates for Palisades Dam are based on
magnitude 3 and larger earthquakes beginning with events occurring after 1873.
The various scales of magnitude and intensity in the historic record were
converted to a common magnitude scale using empirical relationships. A
cumulative annual recurrence relation is presented in Figure 34 and is based on
240 events. The data defines the relation between the number of events of a
given M, per unit of time (years). The basic assumption made in constructing
this recurrence curve is that earthquakes were evenly distributed in the ISB.
Extending this assumption further, the earthquakes were taken to be evenly
distributed for smaller subgroups such as the 55,000 square km area examined by
the Bureau.

The magnitude-recurrence curve is shown plotted in Figure 34 with the
average data point in each interval and the range in the 95 percent confidence
levels (identified by the vertical bars) for each magnitude interval. The
Bureau of Reclamation’s report on Palisades Dam points out that considerable
uncertainty occurs in each magnitude interval. This fact is very apparent for
a magnitude 6.5 earthquake. The statistical probability of this magnitude
earthquake occurring ranges from 40 to over 1000 years with the average value
at nearly 100 years.

For the Ririe Dam area, the occurrence of moderate to major earthquakes
within the confines of the study area (200 km radius) is significant. As
indicated earlier, there were six earthquakes of MM VII, three of MM VIII and
two of MM X. The two MM X (magnitude 7 plus) earthquakes occurred in a time
span of less than 30 years, in an area where the probability of occurrence, by
extrapolation of the curve in Figure 34, predicts only one event of magnitude 7
plus at approximately 1000 years.

In summary, the probability of recurrence for a major event at Ririe Dam
cannot be estimated statistically because of the extremely short and incomplete

historic record.
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Earthquakes Felt at Ririe Dam

A list of historic earthquakes that can be interpreted as having been
felt at Ririe Dam is presented in Appendix D. These are moderate to major
earthquakes, greater than MM VI, that have occurred over approximately the last
100 years. Included with this listing of earthquakes are the epicentral
distances for each event from the damsite and the attenuated intensities. The
intensities felt at the damsite were estimated using the "Cordilleran Province”
intensity attenuation curves from Chandra (1979).

The most severe earthquake felt at the damsite is judged to have been the
Hebgen Lake, Montana, earthquake of 1959 which was MM X at its epicenter 145 km
to the north of Ririe Dam and MM VIII at the damsite. This earthquake was felt
over an area of approximately 1,554,000 square km (600,000 square miles). The
other MM X earthquake occurred at Borah Peak in 1983 and is judged to have been
felt at Ririe Dam as an MM VII event. The nearest moderate intensity
earthquake, MM VI, occurred 62 km due east of the damsite and is judged to have

been felt as an MM V event (see Figure 9 for location).
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PART IV: EARTHQUAKE MOTIONS AT RIRIE DAMSITE

Recommended Peak Motions

Maximum Credible Earthquake
The major active faults in the area under investigation are shown on

Figure 11 and are summarized by Figure 13. It is an area in which tectonic
activity is so great that all Cenozoic faults, whether they have been mapped as
active or not, must be regarded as being active and capable of generating
earthquakes.

In a general sense, the severity of an earthquake is in proportion to the
size of fault rupture, where the greater the surface rupture, the greater the
earthquake. The problem with this relationship is that there is an enormous
dispersion in the data. Recent charts by Bonilla (1983), see Figure 35, show
the general relationships between fault displacement, length of surface rupture
along faults, and earthquake magnitude. The dispersion in the data is one to
two orders of magnitude and there is no significant relation in these curves as
to type of faulting, whether normal, reverse, or strike-slip. The best that
can be done is to treat these relationships in a reasonably encompassing way.

Reference to Figures 11 and 20 shows two trends in faulting near Ririe
Dam that show Quaternary offset. The first of these trends is identified on
Figure 20 and consists of several short fault segments oriented in a general
northeasterly direction. The maximum fault length that can be mapped is only
5.6 km (3.4 miles). A fault length of 10 to 15 km (6 to 9 miles) is probably a
more realistic and a conservative assumption for local faulting in this area
(Slemmons and Ramelli, 1986). A fault length of 10 to 15 km by the curves by
Bonilla indicate an earthquake of magnitude M_ = 7.0.

The second pattern of faulting identified near Ririe Dam consists of the
regional pattern of northwesterly trending faults (see Figure 11). These
faults include the bounding faults of the Grand Valley or Snake River graben,
that is the Grand Valley (No. 22), Star Valley (No. 20 and 21), and Snake River
(No. 23) faults, and those faults extending onto the Snake River Plain, the
Heise-Rexburg fault (No.98). The latest movement along fault segments of the
Grand Valley graben ranges from the late Tertiary to the late Holocene. The

faults along this entire zone are regarded as active and capable of generating
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earthquakes.

The length of mapped fault segments in the Grand Valley graben varies
from 20 to 90 km (13 to 56 miles). It does not follow that movement during an
earthquake would be restricted to only an individual segment. Assuming a
1ength of 50 km (31 miles), inclusive of movements along several segments
orparts of segments, the Bonilla charts would provide an interpreted magnitude
of M. = 7.5.

Field Conditions

In terms of earthquake intensity using the Modified Mercalli (MM) scale,
ground motions from the above identified sources and felt at Ririe Dam should
be regarded as of two general types: near field and far field. Near field
sources are characterized by a large range and high values for peak motions.
The near field contains complex reflection and refraction patterns, resonance
effects, impedance mismatches and high frequency components of motion. In
contrast, far field conditions reflect more orderly wave patterns, lower peak
motions and more predictable values.

The relationship between earthquake magnitude (M), epicentral intensity
(1I,)), and limits of the near field are given in the following set of relations

(from Krinitzsky and Chang, 1977).

MM Maximum Radius of
Ms Intensity, I° Near Field, km
5.0 V1 5
5.5 VII . 15
6.0 VIII 25
6.5 IX 35
7.0 X 40
7.5 X1 45

Attenuation of MM intensity can be done by using curves from Chandra (1979)

that are presented in Figure 36. The curve for the Cordilleran Province was
selected for prediction of the attenuated intensities at Ririe Dam from the

above sources.
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Peak Motions

Peak motions for the appropriate MM intensity at the Ririe damsite were
obtained from a series of charts by Krinitzsky and Chang (1988). These charts
relate MM intensity to the principal parameters for horizontal motion:
acceleration, velocity, and duration. The charts are based on a selected
collection of 1,000 accelerograms for which values were calculated for the
mean, mean plus one standard deviation, and the mean plus two standard
deviations for the observed range in MM intensities. The charts were prepared
for near field and far field, and for hard and soft sites. The level of
motions recommended for Ririe Dam are presented below and are taken at the mean
plus one standard deviation or 84 percentile. The 84 percentile is regarded as
a level that puts one in a conservative position. Figures 37 and 38 present
the relations between MM Intensity and acceleration, velocity, and duration,
respectively, for a hard site in the near field and a hard site in the far
field. Values for the respective source areas and field conditions are as

follows:

Earthquake Source Acceleration Velocity Duration
(Distance from MM Intensity Mean + 15.D. Mean + 1S.D. Mean + 1S.D.
Site to Source) Source (Io) Site (Is) (cm/sec?) (cm/sec) (sec.> 0.05g)

Local Source IX IX 1200 68 22
Near Field
(Vicinity)

Grand-Swan X X 1200 120 33
Valley

Near Field
(4-10 km)

Grand-Swan X VIII 280 25 65
Valley
Far Field
(80 km)

The above parameters are suitable for shaping time histories for use in

dynamic analyses.

67




1 NEAR FIELO HARO SiTE j : T
AL [ ]
— ; (n) HOR. DATA LTS :
—— {1 eeieanaen ¢ LT OF DATA !
» NEAR FIELD HARD NITE ! ST eTeA MIANeRC
- ALMagervoss L 0| e ——— MEAN ¢ 4
N () HOR. DATA LTS 2. MEAN /
......... o LIMIT OF DATA w ’ mo .
——ec=—e—g MEANRO 100 A VAR,
g Cp—— MEAN + O o
o MEAN | P4 :
_ AL
ta . o swt /.
T v
‘» /( m/ = ra
. 2. 7 ) ! § K™ /LJ//
P yd .
5 I -~ a]. ’/ / /
Tz 2 1/ 1/ /
anb® ¢ 7 =17 v
NSAD'M yd § oy ( ////
P . R /
A 4 SNV
3 |y A
g /' /' y) I / !
y 4 / 7 ]
7 Y AL '
/ | '
- . |1
v i v v [} 4 x xi v Vi e e [} 3 x x
8
NEAR FIELO HARD SITE
—1 ALL MAGNITUDES |
] (n) HOR. DATA UMITS '
1 [, ®  ULIMIT OF DATA +
| Jomeeeeea wMEAN+20 i
e - MEAN + O
== o  MEAN
40 I
. L
Q i
¥ ‘ / }/ /
.“ rd
g . 47
° . ’ /m
o . l / b | ) Ay
E [ (son' /‘ 1
5" 24 7 2 A
i '.': VAR 4 AN
~ | . [,' I.
g K S ARYA4!
< . ’/ \/ 1/
A 4 ;
AVARNEN |
1 l |
2 I | l
v ) vii viit 1X x x
Figure 37. Relations between MM Intensity and acceleration, velocity,

and duration in the Near Field, Hard Site (from Krinitzsky and

in press)

68

Chang,




3
— . ' - ) | | ] |
| - FAR FIELD HARD $ITE
FAR FIELD HARD ANO SOFT SITES : | ALL MAGNITUDSS
— ALL MAGNITUOES ‘ _J () HOR. DATA UMITS
T N B EEERERE e e LT OF DATA
(n) HOR. DATA UNITS ; : —————ama  MEAN 420
sesesccec @ LOMT OF DATA ; o ———— MEAN + T
— . — .- MEAN ¢+ 20 ——tree @ MEAN
—— - MEAN+ O o0
] ———— o0 MEAN
[ ]
o . ang: 4
00 f 4 ’
O a0 7
00 ';. rd f 4/ !/ yi
200)| r / 7
® / 1! / K ’ / /
“0 200 Lt ,/ / 3 (a8}, l/ A( /
«a
i 1T 1 3" -
- ’ / a [Ty " " 7
e 7/ A
3 7 4/ = P T A
i e==z
3 190 & P V4 1
[ A V4 > Y /‘ 7
pad |
7 / | =i |
< . Y / ’ l
N i i
v v vn v X X ) (] v vi vil v x x
11
/f
100 T - 7
y 4 7/ 1
! 8)ir /. T
! Za P !
[+ M 7
w | . ¢ '
- ] - + £
§ ,'(1017 Tl/m,i -/ |
S / I )/>
Y «o /. |
a 3
E .t :/ 'y / ' / |
§ £
5 /4- l ) |
1 / l FAR FIELD HARD AND SOFT SITES
£ / i M=70-78
g 0 ~ {n) HOR. DATA UNITS 1
) T e ® LUMIT OF DATA [
—-—-—05 MEAN+2C B
7T T ———— MEAN + O |
(L | TjT————— ° MEAN B
sl
v vi Vil ] X X x!

Figure 38. Relations between MM Intensity and acceleration, velocity,
and duration in the Far Field, Hard Site (from Krinitzsky and Chang,
in press)

69




Operating Basis Earthquake

The operating basis earthquake at Ririe Dam cannot be related to the
probability of recurrence since the historic data are insufficient for
calculating probabilities. A reasonable alternative may be to relate the
operating basis earthquake to the severest shaking felt at the damsite during
the past 100 years. Appendix D shows that MM Intensity VIII is the severest
that has been experienced at the damsite. The shaking resulted from the 1959
Hebgen Lake earthquake which was interpreted to be M = 7.7 by Bolt (see
Appendix D of this report). The Hebgen Lake earthquake occurred at a distance
of 145 km from the Ririe damsite. Using the Krinitzsky and Chang charts in
Figure 37 for the far field at the mean plus one standard deviation, yields
values for peak acceleration of 280 cm/sec?, velocity of 25 cm/sec and

duration of 65 sec.
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PART V: CONCLUSIONS

The geologic and seismic evidence indicates that Ririe Dam is in an area
of active faults capable of generating severe earthquakes. Local faulting has
been identified near the damsite. The local faulting is interpreted to be
capable of producing an earthquake of My = 7.0 and MM intensity of IX.

Another earthquake can be postulated for the Grand Valley or Snake River
graben, a fault-bounded valley nearly 100 km in length which lies at 4 to 10
km from the damsite. Pleistocene and Holocene age faults have been identified
for fault segments within the Grand Valley graben. The entire zone is
interpreted as active. The zone is capable of producing earthquakes of M, =
7.5. A distant earthquake along this zone is taken at 80 km. Motions for
maximum credible earthquakes originating from these three sources are as

follows:

Earthquake Source Acceleration Velocity Duration
(Distance from MM Intensity Mean + 1S.D. Mean + 1S.D. Mean + 1S5.D.
Site to Source) Source (Io) Site (Is) (cm/sec?) (cm/sec) (sec.20.05g)

Local Source IX IX 1200 68 22
Near Field
(Vicinity)

Grand-Swan X X 1200 120 33
Valley

Near Field
(4-10 km)

Grand-Swan X VIII 280 25 65
Valley ’
Far Field
(80 km)

An operating basis earthquake is based on motions appropriate to the
severest shaking experienced at the damsite during the past 100 years. These
motions correspond to a far field MM Intensity VIII with values for peak

acceleration of 280 cm/sec?, velocity of 25 cm/sec, and duration of 65 sec.

71




REFERENCES

Adhya, K., 1983. "Earthquake-Induced Deformation Analysis, Palisades Dam,"
Technical Memorandum No. PL-222-1, Palisades Project, Pacific Northwest
Region, Bureau of Reclamation.

Arabasz, W. J., Smith, R. B., and Richins, W. D., Editors, 1979. *"Earthquake

Studies in Utah, 1850 to 1987," University of Utah Press, Salt Lake City,
Utah, 552 pp.

Armstrong, R. L., Leeman, W. P., and Malde, H. E., 1975. "K-Ar Dating,
Quaternary and Neogene Volcanic Rocks of the Snake River Plain, Idaho,"
American Journal of Science, Vol. 275, p. 225-251.

Bonilla, Manual G., 1983. "Evaluation of Potential Surface Faulting and Other
Tectonic Information," U.S. Geological Survey, Open File Report 82-732,
Reston, VA, 88 pp.

Chandra, U., 1979. "Attenuation of Intensities in the United States,"
Bulletin of the Seismological Society of America, Vol. 69, No. 6, p.2003-2024.

Christiansen, R. L., 1982. "Late Cenozoic Volcanism of the Island Park Area,
Eastern Idaho,” Bull. 26, Cenozoic Geology of Idaho, Idaho Bureau of Lands,
Bureau of Mines and Geology, Moscow, Idaho.

Coffman, J. L., Von Hake, C. A., and Stover, C. W., 1982. "Earthquake History
of the United States,” U.S. Geological Survey and NOAA, Publication 41-1.

Dixon, J. S., 1982. "Regional Structural Synthesis, Wyoming Salient of
Western Overthrust Belt," American Association of Petroleum Geologist
Bulletin, Vol. 66, No. 10, p. 1560-1580.

Doser, D. 1., 1985. "Source Parameters and Faulting Processes of the 1959
Hebgen Lake, Montana., Earthquake Sequence,” Journal of Geophysical Research,
Vol. 90, No. B6, p. 4537-4555.

Embree, G. F., McBroome, L. A., and Doherty, D. J., 1982. "Preliminary
Stratigraphic Framework of the Pliocene and Miocene Rhyolite, Eastern Snake
River Plain, Idaho," Bull. 26, Cenozoic Geology of Idaho, Idaho Department of
Lands, Bureau of Mines and Geology, Moscow, Idaho.

Gable, D. J. and Hatton, T., 1983. "Maps of Vertical Crustal Movements in the
Conterminous United States Over the Last 10 Million Years," Map I-1315,
Miscellaneous Investigations Series, U.S. Geological Survey.

Hill, D. P., Baldwin, H. L., Jr., and Pakiser, L. C., 1961. "Gravity,
Vulcanism, and Crustal Deformation in the Snake River Plain, Idaho," U.S.
Geological Survey, Prof. Paper, 424-B, p. 248-250.

King, J. J., and Doyle, T. E., 1983. "Seismicity of the Eastern Snake River

Plain Region, Idaho (43.0-44.5 degrees N, 111.5-114.0 degrees W)," October
1972 to June 1982, abstracts, Earthquake Notes, Vol. 54, No. 1, p. 99.

72




Krinitzsky, E. L., 1987. "Geological-Seismological Evaluation of Earthquake
Hazards at Blackfoot Dam, Idaho," Technical Report GL-87-4, USAE Waterways
Experiment Station, Vicksburg, MS.

Krinitzsky, E. L. and Chang, F. K., 1977. "State of the Art for Assessing
Earthquake Hazards in the United States, Report 7, Specifying Peak Motions

for Design Earthquakes,” Miscellaneous Paper S-73-1, USAE Waterways Experiment
Station, Corps of Engineers, Vicksburg, MS.

Krinitzsky, E. L. and Chang, F. K., 1988. "Intensity-Related Earthquake

Ground Motions," Bulletin of the Association of Engineering Geologists,
Vol. XXV, No. 4, pp 425-435

Kuntz, M. A., Champion, D. E., Spiker, E. C., and Lefebvre, R. H., 1986.
"Contrasting Magma Types and Steady-state, Volume-predictable Volcanism along
the Great Rift, Idaho," Geological Society America Bulletin, Vol. 97, p. 579-
594.

Leeman, W. P., 1982. *“"Development of the Snake River Plain-Yellowstone
Plateau Province, Idaho and Wyoming: An Overview and Petrologic Model,"
Bull. 26, Cenozoic Geology of Idaho, Idaho Department of Lands, Bureau of
Mines and Geology, Moscow, Idaho.

LaFehr, T. L., 1962. "Gravity Survey in the Eastern Snake River Plain,
Idaho--a progress report," U.S. Geol. Surv. Repts., Open-File Ser., No. 638,
30 p.

Love, J. D., Weitz, J. L., and Hose, R, K., 1955. "Geologic Map of Wyoming,"
U.S. Geological Survey, Geol. Survey of Wyoming, and Univ. Wyoming, 1:500,000,
1 sheet.

Luedke, R. G. and Smith, R. L., 1983. "Map Showing Distribution, Composition,
and Age of Late Cenozoic Volcanic Centers in Idaho, Western Montana, West-
central South Dakota, and Northwestern Wyoming," Map I1-1091-E, Miscellaneous
Investigation Series, U.S. Geological Survey.

Mabey, D. R., 1978a. "Regional Gravity and Magnetic Anomalies in the Eastern
Snake River Plain, Idaho," Journal Research U.S. Geological Survey, Vol. 6,
No. 5, Sept-Oct, p. 553-562.

Mabey, D. R., 1978b. *"Gravity and Aeromagnetic Anomalies in the Rexburg of
Eastern Idaho," U.S. Geol. Survey oper-file report, No. 78-382.

Mabey, D. R., 1982. "Geophysics and Tectonics of the Snake River Plain,
Idaho," Bull. 26, Cenozoic Geology of Idaho, Idaho Department of Lands,
Bureau of Mines and Geology, Moscow, Idaho.

Mabey, D. R., Oliver, H. W., and Hildenbrand T. G., 1983. "Regional Gravity
and Magnetic Anomalies in the Northern Basin and Range Province." Geothermal
Resources Council, Special Report No. 13, Utah Geological and Mineral Survey
and U.S. Geological Survey.

73




Malde, H. E., 1965. "Snake RIver Plain," The Quaternary of the Unjted
States, edited by H. E. Wright and D. G. Frey, Princeton University Press,
Princeton, New Jersey.

Mitchell, J. C., Johnson, L. L., and Anderson, J. E., 1980. "Geothermal
Investigations in Idaho, Potential for Direct Heat Applications of Geothermal
Resources (Part 9)," Water Information Bulletin No. 30, Idaho Department of
Water Resources, Boise, Idaho.

Nakata, C. M., Wentworth, C. M., and Machette, M. N., 1982, "Quaternary Fault
Map of the Basin and Range and Rio Grande Rift Provinces, Western United
States," Open File Report 82-579, Department of the Interior United States
Geological Survey.

Patrick, D. M. and Whitten, C. B., 1981. "Geological and Seismological
Investigations at Ririe Dam, Idaho," Misc. Paper GL-81-7, U.S. Army Corps of
Engineers Waterways Experiment Station, Vicksburg, MS.

Pennington, W. D., Smith, R. B., and Trimble, A. B., 1974, "A Microearthquake
Survey of Parts of the Snake River Plain and Central Idaho," Bulletin of the
Seismological Society of America, Vol. 64, No. 2, p. 307-312.

Piety, L. A., Wood, C. K., Gilbert, J. D,, Sullivan, J. T., and Anders, M. H.,
1985. "Seismotectonic Study for Palisades Dam and Reservoir, Palisades
Project," seismotectonic draft report 85-3, Bureau of Reclamation, Engineering
Research Center, Geology Division, Denver, Colorado and Bureau of
Reclamation, Pacific Northwest Regional Office, Boise, Idaho.

Prostka, H. J. and Ebree, G. F., 1978. "Geology and Geothermal Potential of
the Rexburg Area, Southeastern Idaho," U.S. Geological Survey open file report
No. 78-1009.

Prostka, H. J. and Hackman, R. J., 1974, "Preliminary Geologic Map of the NW
1/4 Driggs 1 x 2 degree Quadrangle, Southeastern, ldaho," Open File Report
/+-105, U.S. Geological Survey.

Ross, C. P. and Forrester, J. D., 1947. "Geologic Map of the State of Idaho,"
United States Department of the Interior Geologic Survey and Idaho Bureau of
Mines and Geology, 1:500,000, 1 sheet.

Ross, C. P., Andrews. D. A., and Witkind, I. J., 1958. "Geologic Map of
Montana," U.S. Geological Survey, Montana Bureau Mines and Geology, 1:500,000,
1 sheet.

Schleicher, D., 1975. "A Model for Earthquakes Near Palisades Reservoir,
Southeast Idaho," Journal of Research of the U.S. Geological Survey, Vol. 3,
No. 4, U.S. Department of the Interior.

Slemmons, D. B., 1980. "Grand Valley Fault System," Report prepared for the
U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg, MS.

Slemmons, D. B. and Ramelli, A. H.. 1986. "Seismotectonic Setting and Design
Earthquakes at Ririe Dam., Idaho, Report prepared for the U. S. Army Corps of
Engineers, Waterways Experiment Station, Vicksburg, MS.




Smith, R. B., and Sbar, M. L., 1974. "Contemporaty Tectonics and Seismicity
of the Western United States with Emphasis on the Intermountain Seismic Belt,"
Bull. Geol. Soc. Am., Vol 85, No. 8, p. 1205-1218.

Stein, R. S. and Bucknam, R. C., 1985. "The Basin and Range viewed from Borah
Peak, Idaho," Earthquake Information Bulletin, Vol. 17, No. 3, U.S. Department
of the Interior, U.S. Geological Survey.

Stokés, W. L., 1962. "Geologic Map of Utah," Utah State Land Board, Univ.
Utah, 1:500,000, 2 sheets.

Stover, C. W., Reagor, G., and Algermissen, S. T., 1986. "United States
Seismicity Files," Hypocentral Data Search Program, U.S. Geological Survey,
Denver, Colorado.

U.S. Army Corps of Engineers, Walla Walla District, 1977. "Ririe Lake, Willow
Creek, Idaho, Foundation Report, Volume II."

Williams, E. J. and Embree, G. F., 1978. "Pleistocene Movement on the Rexburg
Fault, Eastern Idaho," Geological Society of America Abstract with Programs,
Vol. 12. No. 6, p. 308.

Wiltschko, D. V. and Dorr, J. A., 1983. "Timing of Deformation in Overthrust
Belt and Foreland of Idaho, Wyoming, and Utah," American Association of
Petroleum Geologists Bulletin, Vol. 67, No. 8, p. 1304-1322.

Witkind, I. J., 1975a. "Preliminary Map Showing Known and Suspected Active
Faults in Wyoming," Open File Report 75-279, U.S. Department of the Interior
Geological Survey.

Witkind, I. J., 1975b. "Preliminary Map Showing Known and Suspected Active
Faults in Idaho," Open File Report 75-278, U.S. Department of the Interior
Geological Survey.

Woodward, N. B., 1986. "Thrust Fault Geometry of the Snake River Range, Idaho
and Wyoming," Geological Society of America Bulletin, Vol. 97, p. 178-193.

75




(4l Jo | 39ayg) (penuyjuoo)
+ 463M U0  TEWJOU sq1Ne}
£9149¢ ajeJspou setIwW umMoayq a18ue Jo s3tJeg
uoTaydy uy 0] MoO1 G2 -uMoq u8TH 0102Z0U3) 33E1 uoteyoy ug L1
‘umyAnIIe ug 3J
09-0G sduedg -saead
00T 3sed uy peaoum 168M UO TEwJIOU
Sey 3TheJ qevYyy3 Ssuoyy soTTwW umoayy o18ue prO suealk 3Tney
-BOTpuUl °dueoe suQ y8TH G2-he -uMoq y3TH 00T-0TJ4038TH AsaJ] Mooy 9T
G "ON 2Tneq g€ dey
PUTHITM UC pPOTJTIuUSpI )
*31qBITEA® BlED ON paweuup G
s911Wm UuMmop  Temaou
*saygoueraq pue g op1s a18ue 3Ined pJaoJxg
gj91daeos T1ews Auey jeaan anoqy q18%eq UyBtH  Aseuasqend ajer -u031JT1) £
3ney
Butpusus (ydoqesepq
yjJou ueyy Jepio
uMop  TemJOoUu Buraney) {(31ney syde)
*8pI6 Uoes BTTW g/1 so1TwW ap1e at8ue Aaeudaqend I89M) 31ney
‘gqo1daeos T1RWS Auel jeedn Auey 18e3 yBTH 189qe1 A1qBqQOUyd Aet1ep 8yoe) 4
*3INEY yojeseym Jo
38ps uuasyquoN -dueos umop TemJou
ugel jO BPIF Yyoea (+l) Mbs uofem apT1s a1fue IIney
TTW /1 ‘sdaeos Auey A1qequd-y1yH Jof ey 189p udty Aueudezend sie yoqesep 1
siaenay 1e73u9304 U3Jue] JUGWBAOR 8dl} ~(o8y) oweN “ON
ajNenbyquaey SATYETaY JUBWOAON 36937 3Ineg

Lt aJndig oeg

*(Q5L6T "BGL6T) PUTH3ITM WO

weq eTJTH JO UOTPeY TeJaush ey3 U] £31NEd SATI0V JOJER JO UoT3d14065Q
1 e1agel




(i Jo g qeaus) (penutquoo)
umMoJygy
-umop (13Tneg Aattep
(Ka1t1EA) TewnJou JelS y3nog)
so1Tm ap1s 213ue speq s1INEY
*q97duvdE UJBPON y®y 9T ¥ 1690 u?21y 3UdD0TOH s3N) Aat1ep JEqg 12
afuey
J3ATY ITES
JO juey) JsomM
uMoay?l autwJaqap
*qaTne AaTtep ) ~umMop (1Tneg Aaytep
ueMs Y3JON UITM (fa11EA) TewnJou Jel1S Y3JoN)
€309UU0d 3TNhe] €TUL SI1IW 2p3S o73ue ) epaq §11ney
*sqa1daeds uJapol y3tH Auep 189M ugIH 8UOOTOH §3N)H Kattep geas (074
811TA3N0O) JO
js9mM ‘aBp1y
Aaepunog
uMouysy ap1s 3s5®8
-umop ‘AaTTEA JBATY
serTw  (Aa1TeEA) TewJaou Jeag apis
ajeJspon 01 ap1s o18ue 163M ‘31nEy
*sq91dJeds ugepom ON 03 MO anoqy 15€eq uSTH 010Z0UB) 83E1] paweuuq 61
*SuTejuUNoK (umop ap1s a%p1y
pJogMed) Jo quoa] qE09M) apTs 333914ang
1som 8uote Jn ur ¥ -faTTEA  TRWJOU JO a3pTe
31IneJ YiTM £309UU0) - Lage ! umMoayl a13ue JE9M ‘q1ney
*JUBWOAOW UJBPOW ON ustH Sh -umoq U1y 010ZOU8) 8j3e1 paweuun 81
syJewey 1e73ua304 UY3fus| JusweAoN  aodAL — (e3Y) ueN *ON
ajenbyjaey aAYqeTaYy qJUOWBAOKH 15937 1ney

“I1_oandig eeg

(95161 "BGL6T) PUTHITM WOJIJ

weq 81JIY JO UOIFey (eJeuan ayj uy sj1negd aAT3I0y Joley Jo uoyidiadsaq

1

e1qe]



(hL Jo £ 398ug) (penuyquod)
utseq
JO 8pts
*KoTtep umouys q15e3
ayoe) Jo Nuery -uMop ‘TemJOU uyTAueRJgl JO
1se8 a3yl Buipunoq apIs a18ue ¢Raeuasjend q6€9 qIney
q1ney Jofew ® §7 STYL 1s9M ydTH a3e1 Jofey paweuuq 9c
(seTTU
09-69)
s)eadaq
3J04Ys Jo umMoaysy
*JTOAJBEDY £91J49G -umop  [ewJou
300J)0€Tg se uoTeyoy ap1e a18ue  Adueuugajend aqen axe] ueag
YjJdou JeJ SB SpudqlIXy uy 48%ey UPTH Jofew A1qQeqoug JO 9pTs 3169M (%4
*p1o sJ£ 000°0S
18B8T ' 8Jay] jTeseq 18e9]
sHeOdg ‘JTOAJOEdY je uMop  TemJou
q00J)0®Tg 03 SpuUd}IXD ‘1w 09 op18 a18ue quamaaow Jo(ew axer] Jeag
‘31neJ SNONUTIUODEI( ufdty 07 GG 159M uBtH ‘Aaeudajend eqen ‘apts 383 we
*dey 90BJUNS PUTAITM umoJdy?y
wWeJdJ UOTJemWIOJUT Suo1 soyTwW -umMop 9UB00T{ 1ney
*3TQEITEAE B3Ep ON 09-GS qnoqy apie IN SOUTE JUSJJINOVY JOATY @)eug 1 %4
(umop
op1s
(02°oN) Kattea)
e umop
*ITOAJI9E3Y Sapesyied Ka11Ep #0019 Tewsou
03 peqjeTad AJTAT30® Jeqg 159M a18ue 1Ined
21wWs13S ‘sq37dueos op uydy suiop ~y3nog ygTy 010ZOUR) B3] Aa1Tep pURBAn 22
SHJEmaY TeT13uUs304 U3dua| TJUSWOAOR 8di] ~(99Y) swey *ON
axenbyjaea BATIETAY JUSWIAOK 368737 1Tneg

‘1 O.u:uﬂh =11

*(QSL6T _"BSL6T) PUTAIIM WOJJ

weq 81JIH JO UOTEaY [EJeUdD oUj UJ £31NBJ 9ATI0V O[Tl JO UoTadiJosaq
T 9198}




(4l Jo n qeausg) (panuTquoD)
(a1
o1193e004g
Jeau j0u)
Kottep
01199e004 U3l BTJEWES
umop  TEewdou JO 3pIE qsoM
saTTW apTs 818ue Buote s31ney
*s3Iney oMy usTH 8-9 189N yB3tH 9U3d0TOH paureuur 1¢
asuey
uyrjerten
E5Y:R
15E9
: souTw
~J939p €q150dep TeIO
qees sd1p UMOJYJUMOP -TEwWJou -e18 qno sjusm (3TnNeY UTIEBITED
‘yqJou spuaa] *Y3JoON UO 3TnNE] S91TW 02  (A9TTeA) a18ue -sA0W 3§37ET aseq) Iney
JautpJey o3juyr £39Nq JNEJ STUL uBty noqy apis Ieey usty - 8U3DOTOH H8aJ4) aE38Y Ot
MN £L11EJ2U3T
SpuaJ] - YN s20BJ - ButAdny
*0f# (J9uUTpaERD) N98J) 9633Y
ST 3Ine] uJeqlsep - usqed’d ®Uuad
® Spunoq 3ey3 3INeJ uUJa3seq uMoJyyl  Tewdou -o1oH A1qeqouad
- SutmoAM OquUT SpuUaXd puE s9TTW ~UMOp at8ue 08 ‘ButqJoAeI]
y3J0Uu UO JBUTPJED §833Nq JIney y31H oL-g 3pTR aN UBTH sieauq ATTedausn 3Tne4 Yjowmry 6
uMOJYJUMOpP
(Ao1TEA)
soTTW 8pIs  TewJou
8 15e9 a18ue 0j0Z0U3) 11ned
MO7] noqy -U3JoN Y31y 9qe7 A1qeqodd TTIH U03JIT) Le
S)JRUSY TeT3uajod yjfuse] QUBWSAOR odAl (39Y) aweN “ON
axenbyjaey 8AT3RTSY QUBWRAOK 3§93E1 1Tneg

“11 eandig @9%

*(aGL6T "®GL6T) PUTHITM wodj

Weqg o747 JO UOTHeY [eJauan oyj3 UY £3[NEJ @A130V JO[ER JO uoijzdidosag

1 @19%)




(tL Jo G 183ug) (Panutiuoo)
aN sdip ‘M 002N 3noqe UMOJY3UMOp TewJaou
EPUBJ], °SUO sEB UMOYS sa1ym 0Ol 3No01q 818ue Aaeu wa3sks 3Iney
- 89TneJ 1311eJed OM] Mo1 anoqy 38eq u1H ~aajend Butuang a)e] Sutaay LE
umcaygy TewJou Aaeu
+ S3TIW -UuMop a18ue ~Jajend Fuyanp aTne}
3N sd1p ‘M OGN SpuaJy M07 02 o019 3N uB1H JUBWIAOW BUOS TewJou JEewo”] 9¢
umop
*y81y 3J 06 3Inoge NO0OT1Qq  TewJdou 8U3D0TOH
sq91duedg ‘311§ pue sa1tTWw 188M a18ue ano s11s0d 11ne;
858907 Ul §3a1duaedog G§ -yanog Y3TH  -9p BUSD0IETATd  [BWJIOU XOBQOH Gt
*(uB1y 13 o002 umMop  TemJou
-QG1) 8T1epauyld 3no saTIW 3N001Qq 818ue  qusmaAOm UBD3Y 11ney
s197dJedEs [1eWS awog ys1H oh 1589 ydTty pue aulaDoleTIBTd TemJou uojaj we
{umouyq
~umop
£o1Tep
wan)
8p1s  TewJou
sortR pia-1) a18ue 11neg Aattep
q2-22 -u3jJoN yaty o10zZouay ajen Wan 1E3M €t
uMoJyq
~umop
(AaT1TRp
wan) TewJou
‘g3 1sodap ajeaspom sa1IW apt1e a18ue aTney Aattep
20BJUNE UT EXEdJq ON 03 MOT 0£-g2 Y uydry D10Z0UB) 3R] wen qsey 2¢
xJensy Tef3ua304 yaduaq quUaSWeAOR 9dX], [E:LD) ETRY “ON
25enbyjaey SAT3RTSY JUBWBAOK 13887®] 1Ineq

"Il eJndig @og

*(QGL6T 'BGL6T) PUTHITM WOIg

WEQ 91JTY JO UOTPOY (BJ9USH 8yj UT 63(NEJ SA130Y JO[ER JO UGTad1J088q

1

e1qe]




(yL Jo g9 3esys) (Panuyjuod)
pJaeM
-Ko1T1EA
umoJays ed1p
-umMop ¢ remJou AoTTepA NOBJ)H
soTIW apIs a18ue Noouuey
@qeJ8pOw 07 MO1 21 159/ ustH DTOZOUd) aje1 JO ap1s 1seq 86
umop
ap1s 35ED
‘puem
-KaTTeA
uMoJayl sd1p suUTEejUNOY
~umop ‘TemJOU p E-1- W ¥
soTIW apis a18ue deaqg jJo apTs
9qeJapoll 0] MO O 1583 ud1y 010Z0OU8) 89k . Jsea-paweuul 1S
X (MS) pJem
-AatT1eA
sd1p SupN As9auag daag
umMoays ‘¢ Tewaou JO Nueyj qsom
¥ soTIwW ~UuMop a18ue _ - 3Ine} A311EA
MS sdIP ‘M ,02N InOQE SpuUsJ] SJEJSPOW 03 MOT 0t op1s MS ysTH o10Z0UB) BT pueTiooy 96
398 3374 Tdep
U0 uJAYINOg
- 388 YTy
mog sButy
8uc STPPTH
-UOOKW 9Y3
Jo sJa3
-BJ) BUO Ms~3N
UJBYqJON  quUemdAoWm
- waq 1euo1s
-8As 3JTY -uajlxs
M oSEN Ul 6396 =-saJanjoed] TeuUoTs woqefs
spuadq ~ 3samM A1qeqoud mon eaJy] ui sden  ~uajxy 3U3V0TOH 1JTY oyepr 44
sXJeuay 1eT3IU3304 qjoue JUBWBAOK adA], ~wu<v aweN *ON
ajenbyjuey CIN &L T JUAWBAOK 1833E7] 1Tney

"Ll adndig 905 - (AGL61 '©GL6T) PUTAIIM WOug
weq etJiy JO UOTPOY [eJauen 843 U] 63(NEJd oAT30V JO[EW JO uo713diJoseq
1 @1qel




(L Jo L 3seus) (panuT3uoD)

paem
~fat1tTeA

umoJy?y sd1p Ka1TeA N88u)

¥ ~uMmop ‘Tewdou UsJeW apis

sa1TW N00T1q aT8ue 8ued0T1d 1s9M ‘31ne]

2qBJBpDOW 0] MOT FAS 15ey yB1l -DTOZOUD) 8q9%e1 paweuuf) £9

pJaem

~katTeA Aat1epA Ne8u9

uMoJayg sd1p a)NeUSaTIIRY

saTTW -uMmop ‘Tewdou JO ap1Is 138aM

8 ap1s a18ue ‘91IneJ] paaaag

83BJSPOW 09 MO7 noqy 180y us 1y 0TOZOUSY) 33E] -uy pameuup 29

pJem

umoayy =-£atTTeAa aduey

¥ ~umop Buiddip jRoouueqg apie

s9TTW apis a1fue 3sam ‘31ney

8 189N us1y 010Z0UB) 83E7 paweuup 19

SUTRJUNON

eyjJewmeg

62TTW  YjJ4ou uo TemJaou Agdeugajend Jo 9Bpe

L umoJy3 a18ue 9qe7 :J0few yaJdou ‘qTneg

*d1is-antJ3s oq Aey jnoqy -uMoq y3ty £1qeqoug Jjnapoom 09

pJem
uMoayyz -AsTiEA
-UumMop sd1p
ap1s ‘TewmJaou

‘gaJe Tedauad eTY3 sa1TW 159M a1Bue Aa11EBpA UOQUY

ut suop Buijddew OoN ©3EJSPOUW OF MO Sh=0h -Y3JopN usTH 010Z0OUd) 33E7] ep1s 183 6%
S BELEN T€13U3304 YjBus| JUIWBAOK odX1 [E:1D) SweN “ON
ayenbyjaey EYS G 32 T JUBWAAON 1E97E7 1Tney

"1l 2JanBig 99%

*(Q6L6T 'BGL6T) PUTHITM WOJY

Weq 91414 JO UO[Pay [eJausn euj Ul E31neJ 9AT30V J4oley Jo uoradiJdosaq

1

a1qel




(hl Jo g 183Yg) (pP3nuT3U0D)
e8uey
169M sdIp ‘yqaou spusd] °JIneJ umouayq TewJou 112A9498 Nuely
Jo d1q ugsyzaou Ausa 3e Suyadg soTTW ~umMop e18ue 169M BuoTte
*qIney jo @8e Jo uyejJeduq gi=LL ©OPIE 1E53M udtH o7oZouan aje] 3INEJ peweuuq 69
jsea sdip uMoJy3  Tewdou Lattrep JeATy
‘yjJaou spusa] -e3TneJ Aq usiouq saTTW -umop 918ue Adeudsjend 1qJey SpIs I59M
SUB] TETANTTE BOJE [BWJIY1098H Ol-g 9pIe 3s5ed ysty ajeq Jofey - 3TneJ paweuup 89
an sd1p ‘M 02N
anoqe spued] °TeMBUPYITM Aoattep
Jojem 07 anp afexeauq punousd umoay?y 1ewJou JBATY 1JBH
8WOs - §1Ine} 9sdYyy Jo afe seTIu ~uMOp a13ue Nue] I6oM
3noge £3UTEJJ80UN BTQEUSPTSUO) 99eJapoy Gl 9p1s 3sey us1H D10ZOU9 ) 23E7] - JTNEJ paweuu( L9
. (ST1TEd oyep]
JO 168M) 8Jaoy
soTIM weqsis JTeH &,T1T3H
M oO9N G Teuots . Juely MN Buote
anoQe SpuaJdy ‘aunssij quap ys31y anoqy -uslxg 2U80O0TOY 3InNeJ pawmeuul 99
pJaem
umodyy -£srtea
~-uMop sdyp N9BJI) UsJeR
#001qQ ‘TEWJOU JO apIs 3sED
s9TTW 159M a18ue BU8O0T1d Buote ‘q1ney
8qeJapOoy G9 -yjnog usty -0J0ZOUd) 33e1q paweuup) 59
pJeM
-AaTTEA
umoJayq sdip
saTTW -uMop ‘TemWJOU LiIneg xeed)
8 op1e a18ue |U3D0T1d pidey ‘3iney
Mo anoqy 15€e3 usTH -0JOZOUs) 893eT peweuu( h9
SNJELOY 1e13us30d Yjgus] JUOWOAOH adA] (38v) JueN *ON
ajenbyjueq aATqeTeY JUSWAAOK 3897%1] 1[ney

11 _eJndij @eg

*(Q6.6T "BGL6T) PUIAITM WOJj

Weq o1Jiy JO UOTPOY [eJdeushH oy Uf F3[Ned OATIDY JO[ER JO uojjdidoseq

1

81qel




(1 Jo 6 193yg) (panuytquod)
(paemfoqTep) 359M TewJou " uqW uideyn
qsam sd1p ‘yjJdou spusd] °ques EOTIW G UO umoJy3 a18ue Y3JON JO 16om
-24d 1 91neJ JByqayM uUTeBJJIBDU( qnoqy ~umMo(q udty 0702Z0U8) 23€7] - paweuup 8L
*gN sdip ‘M oGEN spuauy Aaeuaajend b 15 6
*(9L# 1TINEI) €90p YINOE JdYJUNJ AN Tewaou 8qe7 Jofep Kaasys ut
31ne] Aem swes dip j0uU §80p 31 uo umMoayj 818ue  4A1qeqoag - suej 3TNe3 yjdJou
‘Noady Aaasygy ut Buteq s31dssq s91Tm € ~umoq uBtH TeTANTTE €30) - pauweuup Ll
Aaeuaajend b CEN g}
MS TewJou aqe7 Jofel Aaasys uy auo
uo umoaysl a18ue f1qeqoud - suey uJayqnos
Ms sd1p ‘M GEN spuaJy sofTm ¢ -umo( ustH TeTANTTE §3N) - paweuuf 9.
Aareuaajend
MN TewJou aje1 Joley b N L)
uo umoJys a18ue A1qeqoad - suey adoyajuy
3 o0GN spusuy, s31TwW & ~umoq ysty TetAnyie s3nj - 31Ney paweuun sl
Aaeuaajend
1688  TEmJOU aqe1 Joley
uo umoJysj 818ue A1qeqoad - suej] N8aa) Juog £Lug
ased sd1p ‘yjJou anp spuaua] s8TTW § -umoq u?Iy IeJANTTE €3n9) - 3INeJ paweuup wi
jeeayjIou  Tewdou  AJeudajend 83eq Nasd)
IN sdIp ‘M oOEN spusa] ‘auoz uo umoJy?l a18ue  £fi1qeqoaq - suey dNJa0g Auaqg
3JTH JO MN 03 UOTJEBnUTIUOD S8TIW 4 -umoq y8TH TeTARITe £91n) - 3TNEJ psweuun £L
3N sdTp ‘M ,GEN spusgl
*3utmoy paddois aaey ooeJ]
31nel Buotre sBujuds TeUBAIS
‘guidand £q TemeapylIm Jojem umMouys TemJaou
03 anp A1qissod aoeal 3InEY + so1TW -umMop a18ue Latnep aeau
Fuote afexesuq punoud quaoay MON 9l apTe AN ufy 0TOZOU3) 3je 3IneJ paweuun nL
S)Jemsy Ter3uajod yjsua“ JUIWBAONR adA] Awmmv aureyN *ON
ajenbyjaey aAT3eTayY JUBWSAON 3897E1 1ney

"1t eund1g 298¢

*(QGL6T 'BGL6T) PUTHITM wOJJ

Weq 91414 JO UOTHAY (eJaudn ayj Ul 631Negd 9A110Y JOlBp JO U0T3d1J4089(
1 @14%]




(4l Jo Ol 3988ug) (psnutquod)
KoTTEA
JSATY uoOjeL
TewJdou opTE 159M
N a18ue 910Z0Ua) fuote 3Ine]
4N sdIP ‘M L0EN SpusJl 912J8DPOKH uo umoq usTH o~e1 A1gqeqoud peuwreuuq IX:]
umoJdyy e8pTY
(uo1euod —umop fean 813311
ug) apIs  Tewdou Jo apTs
seTIN qE9M a13ue 2T0Z0Ud) 189 ‘q1Ney
€1 -ynog usty aje A1qeqouq paweuuq 98
umMop (S90S
so11wW N001q  TewmJou uotayol
) ot 315e9 a18ue &10Z0uUad)n ug) ainey
noqy ~43jJoN Y3ty a3eq A1qeqouq Hooy Luwtq a8
uMop (881405
dueyj TewJdou ' uoTaYyoy
sor1uW 189M a18ue 07020U3) ug) a1ney
ot -yinog ugtH aqe A1qeqouq KatteA uooug w8
afuey
ase?  TewJou q391Qns jueyy
‘aN sdip .3oopz uo umoJyq a{8ue O10Zous) qce8 Buote
anoqy °eaue ut Jujddem oy s97TW G2 -umo(q uygTH @qe7 A1qeqouyg - pawmeuu( 08
3Iney
Butaano) qsem sdip ‘J,02N 3noqe
spuaJa] -eoussauad s3T 35988ns
(futadg Jsqang pue sJutudg j68M TewJdou aBuey 33914Qng
40H) sButuds 30y TeJBABS °JUBE uo umodysy a18ue 0T0Z0OU8) JO 8piIs jE8M
-aad €1 3TnEBJ JIYJOUM UTEJJIBOU(f) sa1T®R 22 -umo(q ugy aqe] A1qeqouqg - paweuupn 6L
sRJemay Te13Ue30d Jadus] JusWeAOW adfy, 7a8y) sweN “ON
axenbyjael 8ATIRTAY JUBWSAOK 138937 31neyg

“11 oJans1a3 8eg

*(QGL6T TeGl6T) PUTIITM WOJJ

Weq 9147y JO UOTTey [eJaudh ayj U] &3[NEJ ©AT30Y JO[EW JO UOTad1JoEa(

1 81Q¢e]




(4L Jo 1L 393ug) (panutquoo)
TewJaou
s9TIW gl umop 213ue DJ0Z0Ud)
3s sd1p ‘§,09N Inoge spudd] Mo noqy ap1s IS uAty 99e1 4A1qeqOUy paweuuq 501
umoayy TewJdou
soTIWw £1 =umMop a18ue Aaeuaajend
Ms sd1p ‘M 0LN 3noqe spusaj Mo qnoqy opTIs MS y2tH Jofen A1qeqoud psweuup not
TeBJOu
satIw UuMop a18ue Laeuaajend
MN sdTP ‘3, 02N SpueJl mon 8l opTs MN ysty Jofew A1qeqodq pemreuup €0l
TewJou
umop a18ue Aaeuaajend
3N sdTp ‘M 04N 3Inoge spuedj MO] SOTTW 9 ap1s aN usty Jolel A1qeqoug paweuuy 201
umoJdy? TemJou Na8J) sewe)
. -umop a18ue Aaeuaejend Nuer] Mg Buote
3N sdTp ‘M 0HN 3noge spuaJ] moT Afqeqoad so1Tm | ap1s AN ysty Jolen A1qeqoad - paweuuq Lot
umop MS (98uey tEPTUUIY
' -Ns sdip ~us)) N84
- TewJou sewe) 3169pM
s3TIW L1 umMop a18ue Aaeuasjend apTs AN Puoly
Ms sdIp ‘M S9N 3Inoqy MO7 jnoqy ap1s MS UBTH Jofen A1qeqoad - peweuup 00l
(SUIW Tetu
-u9jus) Nuety
TewJaou Yinog) NeaJdd
umop aTdue Aaeuasjend pooMu0330)
aN sdTp ‘M 0EN Inoge spusay MO S8TIW 6 9pIS 36e7 ystH Jolew A1qeqouq peweuup 66
uMoJyqumop
Ao01q Tewaou
soTIW 169M a18ue Aaeuaajend
9jeJapom 03 MOT 12-02 -ynog yS1H a3e] Jofey 3iney estey 86
[FBLET TeT3U2904 yjsgus JUIWIAONK adA} (28V) aweN *ON
anenbyjuey aATlETAY QUBWOAOK 1897E"7 1Tneg

“LL oJ4ndTJ 99%

"(QGL6T "BGL6T) PUTHITM WOJJ

weq o1Jjy JO UOTBeY [EJaush ayj UJ E3[NEJ SATI0V JO[BR JO UOTAdiJosaq

T

a1qe],




(Ll Jo 21 3edug) (Panutquod)
SUINW
pesyJaseeqg JoO
Auey; Mg Buote
Tewsou s31ne] Bujpusuy
soTTW umop 878ue  Aaeudegend 83e7 MN JO setJes
MS sd1p ‘M 0N InoQe spuaJy Auey  wuerJ Mg yPtH JofeW A1qeqoud e 07 seyiddy 2Ll
uMoJy3  TemJou
~-UMOp 3PTE atdue Aaeuasjend
yanos sdip ‘qeaMm spuaual MO SOTIW § yanos ystH Jofen Atqeqoud pauareuup 1t
. Tewsou
*450M ESPUIJ] SOTTIW G UMOp 3pie aT8ue Aaeuasqend ajen
- Kaeudsjend) Jofel aq Aew Tney Mo noqy yanog usTH JofeW A1qeqoud peweuup oLt
uMoJy3  [Emaou .
saTI® L ~umop o18ue AJdeudgagend
aN sdTp ‘M,G2N spuaJy Mo noqy apTs 3N yaty Jofew A1qeqoad paweuup 601
TewJou uofue)
soTIwW umMop a18ue fueuaejend Jofey Jatpuey) ur
MoGEN anoqe spuady Mo GL-tlL opIs MS yBTH ut A1qeqoug - Ppsweuun g0l
TemJou sButuadg q04
360M seTIWw 91 360M 913ue Aueuseqendy Ap1 JeBN
sdip ‘MN-N spusayq - Butaan) Mo qnoqy uo umMoq ud1y Jofew £1qeqouy - psmeuuf Lol
TewJou yonn
v sOTIwW L umop 818ue Aaeuaeqend UosTOd JeaN
dag sdip ‘3,0GN 3jnoqe spusJ] Mon 3noqy ap1e dS yBTH Jofey A1qeqodq - paweuuq 901
SHJewoy T®13ue30d 43dua’] JUBWSAOK odX] (o8V) omWEN “ON
anenbyqaey aA1IeIsy JUSWOAOK 388qe7 1Iney

*I] eJnd1j 905

*(QGl6T "eGLAT) PUIHITM WOJJ

weq 81Jd1Yy JO UOTPey [vJeuenh ayj U} 63[NEJ OATICY JO[ER Jo UOT3d1J086q

1 @1qey




(hl Jo EL 3@98yg) (penutguod)
169M TewmJou JoBunok aq Aew
¥ sOTIW U0 uModysl e18ue anq ¢‘ojozoud) jiney
MN sdTp ‘3, 02N INOQE SpuUsJ] 8JBJISPOW OF MO T4 =umoq Y8ty 99e7 - uTe3JsduU  UTIETTED ISOM 66l
umMoJys3  TewJdou
usty soTIW ~uMop e{8ue Aaeuaaqend 83e1
S§8AJIND NG - M,09N JNOQE EPUIL] 07 8]eJopOol 02-G1L  A°01q MS usty Jofey A1qeqoud 3Ined SmMoy gLt
pJeM]sEY - DJEMASTTEA umoayq
sd1p ‘yjuaoN Jo 1sed ATIUBITS ~UMOD TewJou sujln efes wip
*Qo# ueyj sujejunom €91IW Ol Ho01q oTBue  Aaeuaejendh 9qe1 Nueyj 188
uy JaySTy pue 388M Jsyjang 9JBJISPOK O3 MO anoqy qsey yfty Jofew A1qeqodg - 3Inej peweuuq Lt
sBuey JIATY
uMoJyy3  Tewmdou 1607 JNuelJ
yatH so1IW -umop a1Bue  Aaeudejend aje7] pms Buote
Ms sdIP ‘M 09N Spusaj 0} 83eJ3PO Auely  %o07q MS usTH Jofey A1qeqoad  3neJ peweuun all
afuey
Tywen Ruety
. umoJay3 TewJou Mg Buote
GHN Inoqe spusJl usty soTTW ~umop 978ue  Aueuuasjend ajen s31Ne3 Jo
uoTe duedos 3Tney 03 99RJIBPON Auepy N001qQ MS uBty Jofew A1qeqoud €31Jo6 pemeuufn Gil
TewJou
saTIW umop a18ue 0702Z0U8) eJaow11H Jesu
AN 5dIP ‘MoOhN SPUBJY 9! apTs AN UBtH e3e A1qeqoaqg - 1(nej paweuun wit
SUlH pesyJdAereqg
punoq yotym
soTTW s31neg Buipusaj
Aueuw -MN deaJq Jey)
01 M3 dyts s31nel Buy
® WOoJJ 1ed9qje] =-o3TJ28  KAaruaeqendh e3e]  -puaJal S-N JO
Te0T148A - Yy3Jou spuadl y811s  safuey UB1Y TedT3Jo) Jofey A1qeqoad €87466 peweuuf €1l
SXJEWaY 1e13us304d YPue]  JUSWBAOK adX1 RE:LD) SWEN “ON
exenbyjuey aAT3ET3Y JUSMBAON 31693E7 11Ny

‘tl Ohﬂﬁﬂm =11

*(qGL6T TeGL6T) PUTAIIM WOJJ

Weq 81414 JO UOTJay (eJsusn ouj Ul 53(NeJ aA130y Joley Jo uctadiadsa(q

1

a1qe]




(hL Jo nl 1I99US) (pPenuTauod)
¥ soTIW TemIoU Aaeudeqend anen
4N sdip .:ompz 4 uMop a13ue JofBW UE®d) OM] JEBU
jnoqe spuedy = HN 03 X8Auop Mo anoqy ep1s 3N uys1y A1qeqoad 3TheJ peweuuj h62
UKW
Aaeuadeqend Raaeqeiony
+ soTIW Jofey Jo 1se8
S9AJND ING M,0LN INOQE spusd] mo1] € ufTejaeoup JTEWJION A1qeqodg ~ peweuuf t6e
TewJaou
o18ue Aaeuaseqend
uBTH Jo{eR paweuuf gte
TewJaou '
q8€9 a18ue
uo umo(q yB1H Aaeuasjend aofey peweuur] 182
TEWaOU
16e9 o18ue
uo umoQ ydy Auavuaejend Jolen peweuuf 9£2
Temaou  Aaeudajend 93e1
MN o18ue - o8pyy Aaueq jIney a8pTy
uo umoq udTy =3 TNONY £3N) Raaoqe1nony Gt2
1e®mJIOU
yjJou o1fue
uo umoq ys1y 0102Z0Uld) 87eT] peweuuf 134
S)HJeway TeT3U830d yjduer] JUIWAAOH odXy (8v) sweN “ON
oxenbyquey SATIETI9Y JUQUWRAON 807€1 Ined

11 eJndig eeg

*(QGL6T “®GL6T) PUTHITM WOJ4

Weq 81474 JO UOTHey [eJoush 9u3 U] B531NeJ ©AT30Y JO[ER JO UOTIGTJ082(Q

1 e1qe]




19

ch

113

auo“
dwo]
Jajnby

of

Lt

Gt

0z

2

113

2t

(30)
dwe)

“JJng

s x so

89}

(®) €93®  &NOSO (1)
uideg -uoque) -ITYS
1108 uvot3ysodeg

squea Puiads
TRJSARE OARY O}
pojJodaa {pendoeyo
PI81) 0N

JTOAJOESY SOpUS

. -118d4 JOpun

nou s7 Bujadg

0 seesBep GZ-f2
eBuea sunjesedwoy
faopo angtng ¢
pue g uoijdes
03UY Re8JO

Suote Buypueixe
s3uea Buyadg

o sesaBep
2t-gl oSuwy
sunjeiedeey

(¥ T

G Jo | aBeyg

mey
Suypusay
FEOAYIION

8JTI0NJIE
27801000

SOTURDTOA DFOTT
~18 Aawyyael
JESU WNTANTTE

Aavugeqend 46

6%

suojsewy{
oyozo0TRd
Je0U g3780d0p
QUTISGARIY
Yita janite
Aawuaeend p92
WNYANYTIE
Kaeuserend
uy §ng  Lf

sucysewTy

Aderyael-sag  L19S

odX] wooy pue (ure/3)
98y JejTnby eBuwyocig

(086T ‘uosiapuy pue ‘uosuyof ‘TTdYOITH Wolj)

weq 91iTyg 1Bau sgutadg [PWIAIY]L JO SOTISTI2IdeRIRYD

Z °19®L

$18av9 3w 85
SN ‘oX¥] UOSTIA

S1avo6L 39 §2
£A sutdyy

£132092 a2y s
AS0J) UBEIOOUG

LOavOE 36E N2
T8
309814 pawuoTy

S10008 3ty N
0dS TRIOUTH
AGJ) TTRS

£100ag2 36t SN
SA ®I%1d TIWATY

s1a4q1€ 3Lt st
sBuyadg TrepUR)

owey pue -oy
uoTIITJTIUSP]
11o8/3utadg

uoi3e007]

noqyJe)

e111ARUUOYG

911 1ARULOYG

9117ABuUNOY

s111A0uUOgY

weyButg

weyBuig
Tunoy




ce

a2

9t

€2

€2

15

s

)

*JIang

€L

16

£12

€12

sel

€12

T v woss

uideq -uoque) -JTI§
18 voi3ysodeq

3

L0 ded 1]
So1 sJeT1Iug

04Ny

-gaoduey pe3Jod
-84 !penosyo
P1o%} 04

orquIINAR
901 sJ011Iq

pexosyo
PIOTJ 0R

sjusa
Suiads Jeeu

uvotyjsodep
oulIIARI]

oHIveRy

WART OT3TESRq
puR SIUGETDPES
SUPDOISTOTd

(L) R00s OTURO
=T0A OIOT1T®
Aaeyyaey

wAR] O}3{veRq
pUv SIUSEIPeS
SUB00ISTITd

waARy O7379Sq
pue sjuemipes
U008 TOTd

suDIeeWT T
Aregraey-eag

SUoeeNT T
Areyiaeg-eag

WOITWT
Agetyaey-eag

SUOIEOWT
Aaeyyael-edg

90i8

6t2n

681

£199

1aaate 3w nL
1o
AR UOPJIOD

130v92 Aiv AL
1o
uosJe] sukepn

1qadsz Fiw ML
1108
ddnay preuog

1qVotL gtw WL
<8 1T1o8
vosuelsep U3ITey

Lgvott I WL
19 TR
vosuveSJer uITe}

S13006E FEE MOL
z¢ su Lp11

13006E BEE WOl
oA SH 411

12852 3tt mé

SQLE TTIeA ‘soJg UOSTIA

96

SanoNdIg  ®dK] o0y Puv  (UTe/y )
ofy Jasjindy eluwyosig

sL1oa82 Itt N6
t# SB LpT

*Wey puv ‘oy
VOTIEOTJTIVePT
T1on/Butadg

IVOWOSJ 3

IWOWSSJI 4

JUOWHS §

IVOBSIL Y

AVOWOSL

b i d ¢

ey

b b &)




ah

t9

Ll
3]

8L
(35)

-dwoy
JojTnby

15

13

(13

nt

Lt

9¢

2t

.11

(3o)
dwe}

‘jJang

9he

€61

001

90t so1
16

£8

&  saje

yydeg -uoquwy
T1oR8 vot3yeodag

paxoauod pret)
q0U f{efquTTRAR
foy sJe1TTIqg

os[qeIiNAR
S0y sJet1114Q

psnosyo
PTe1] 20U ‘suamy

-R20dme] pejaodey

sTquljva
Jo1 sJaet1Taq

F T

G Jo £ afeg

am3onJI3g
01901009

$%00J4 OTURD
=T0A OTDTTTS
Aaegiae)

(2) #00a oyuUmo
=104 JI01116
kaeyiaey

(i) ¥00J OFURD
~TOA DIOTTTS
Aaeyyaey

(L) mo0u otueo
-10A O30%11%Te
Aretiaey

(¢) nood oyuwd
~10A OFOITIE
Ageiyae]

(L) nooda oyuwo
=T0A DTOTTYE
Arepyaey

(Z) xo0J ojuwo
=T0A OIDTITI®
Aawyyaey

TodX1 wooy paw (ute/z)
o%y JojInby eBawyosiq

L2tg

12z

LYVEDL 32k NL
66 TTon
uosueBuer yjyey

1088l) 22x NL
hé T10n8
uosusBaer yiTey

1ovall 32y ML
€F Trop
uosusSaep yirey

LYVOg 3k NL

Tten
URHTSPUIAS Uweq

tvaaot Jiw NL

TIOR SASH epnwy)

1a0ast 3iw nL
uemepuNG
pue Je30qg

1Gadst 3iw KL

LGOaNE 3ty ni
TIon
4313 oT1%Paey

Laavat 3Ly KL
TTon
sTagey Kauey

oNEN pUR °‘Of
uoTIROTJTIUNP]
119n/Sutadg

L1

€1

[4)

4}

ol

UoTI®007

JUONeRJ 3

JuomeaJ 3

Juomessj

FUOWeS.:

qUOBeRI §

Juomeely

FUOWIS 4

quUoBSs. 4

FU0ESS.I 3

T3uno)




22
ot ¥4
L 92
9t 12

22
6L 64
16 92

92

134

(30) (o)
‘dual deay
Jujinby jang

SON

SEL

9S

oy

£61

toz

ION T93¥  &n0so
yadeg -uoque) -11%1§
119 uotyisodaq

9

SYqUITEAR
o1 sJO11T4q

e[qeITRAR

So1 saeTTTSP
{pematJuoo

q0u sanquiedwey

squIIvAR

0T sJOTTTIP
{pematJuco

20U eanjwaedes]
oTqQUIINAR

o1 sJsoTTTJP
{pomitjuoo

j0u sJnjuiedwe]

uoyisodep
M IeARSY

SATEURIXO
tSutads ong

SIUA
Fuyuds omg

pexosyo p1eTJ
J0U {9TQRITRAR
o1 sJ0TTT4Q

paNOMYD PIOTI
q0u ‘e1qETTEAR
Por sae1TT4q

Aoy

€300J OjuUwO
-10a 0O10%1YE
Lretiael LL60L

SR00J OTURD
~10a ofOTIIE
kawyiaer 16828

£N00S OTURD
~10A OYOTIIN
Aawyyaey

1004 JTUBD
=104 DTOTTIS
Kawyyael

R00J OTUWD
~10A OTOTITS
Aawrael lee

Teenq
UBO03LTITd

(¢) wood dyuwo

=10A DYOTITS
Aawyideg 2681

S300J OTuUwD
=10A JI01118
Kawyjael

odky %00y pue (uim/3)
9%y JajInby elueyosyg

18CE9E HOon NS
e
Je3eqen 1TTd

13206 30% wS
Ten
yiteg suyney

12088 0% NS
TI®A SAOTY AJeH

Lvdas S0y NS
1en
OXOTY eavAw]

S1AvIEZ 304 Mw
SR LUJOUNTH

S1YQase 30w N
SH oseTaf

S1Jvate 32y N6
SR uojysy

V3061 328 ML
1ToAn Sonpoug
uojButeey

LYVOgL 32¢ AL
o
uosuoBJep ywowy

omey puw ‘o
uoTIedTJTIUSP]
119m/Butads

S UOSTPEH
] UoSTPRH
£ UOS TP
4 VoS TP
i uosIpeN
i vosJejjor
i FUOBOS §
o Juomees J
Gl JUoEse. §
UoTI¥007 Taumo;
dey



08

:14

i8

2L

-dwoy
J01nby

6%

02

he

L2

LI

92

62

t
G~

dwoy
*Juang

1343
002
08
102
sox
(%)  Teqw  enoed

qideq -uoque) ~ITIS
Ten uotq1eodeqg

oTqEIIRAR 801 sJoy
-1T4p ¢{D sesaBep
6n=-2€ oBuea euny
-gaedwoy {pexnoeyo
P18} 30N

.

9318 Wep uoje]
H (1 2e3 Y]
So1 saet1I4q

PORITJUOO
qou sanjesedwel

poBITJUOD
j0U eJnjeaedwel

PORITIUOD
q0u eanjeasdee]

oTqeITEAR
Soy saeTI4q

g3780dep SUTIJIOARIY
{gH NOODULY s®
umoOW ORTE® (S8UGA
Butads TeJIARS

[175) sHJeEey

G JO G eBey

8Jn30NJd3§  edk] %oo¥ pu® (ujw/y)
ofy JeojInby eBumyosiq

o19o109n

(L) siTeseq
oy0ZOUR) yjEPU

~0q sjusEYpers
oSSRy

IR IFNIYY
Je0u SIUGW
=1pog QUIJWH
oysseIJL

3004 OTURO
-10A OJOTITE
Areriaey

1204 2jURD
=~10A OTOT1TE
Aaetaael

SR00J OTURD
=TOA DIOTITS
Aaetyaey

LOVV9E 3tn N.
1198 AT08N ‘0O

SIYVAL 36% NE
96 sButadg Jothey

10400t 32% ML
voyave
-e1oey JO nee.ng

184qoL Sth K9
24 TToA
poon wpuwp

L6a0L FLn N9
Le TTOM
poop wpuwn

LO0V0L 3ix N9
TIoA
‘ouy Uz zTeN

Lagvi 3ix N9
11om
USEIPUSAUOS TeA

Stvoe9 IEN NS
SH uodue) usaun

I

ot

oWeN pue ‘oN
UOTIEOTJTIUSPL
11op/Puradg

UoTI8007
dey

uojay

vojey

UOS TP

uosTpEN

UOETPRY

Vot TPeN

UOSTPEH

gotTpey
K3uno)




APPENDIX A
GEOLOGY AT RIRIE DAMSITE AND VICINITY

(to accompany Figure 8, from Ross and Forrester, 1947)




Qal

Qg

Q

Qrb

Qsr

Tev

Tsl

Tsv

Quaternary

Alluvial deposits - Unconsolidated and poorly consolidated
sand, silt, and gravel, mainly in flood plains, fans, etc.;
landslide deposits included locally. Windblown deposits
included where bedrock is masked.

Glacial deposits - Gravel, boulders, and sand, glacially
worn and deposited. Only the largest masses shown.

Late lake sediments - Chiefly silt.

Snake River basalt - Chiefly basalt flows. Closely allied
rocks included locally. Distinctly recent flows distin-
guished as Qrb where possible.

Snake River basalt - Chiefly basalt flows. Closely allied
rocks included locally.

Tertiary

Challis volcanics and associated rocks - Includes Challis
volcanics, Kamiah volcanics, and other rocks, mostly near
the Snake River Plain, that are similar in composition and
apparent stratigraphic position to these formations. Mostly
of intermediate composition, but some rhyolite and basalt are
included.

Salt Lake formation and associated strata - Rather poorly
consolidated sand, silt, and gravel of lacustrine and
fluviate origin, including fan deposits. Minor quantities
of rhyolitic flows and welded tuffs and of basalts are
included. Some of the sediments are tuffaceous, and fresh-
water limestone is locally present.

Silicic volcanic rocks associated with the Snake River
basalt - Welded tuffs and flows of rhyolitic appearance.

Wasatch formation - Largely conglamerate; some limestone.
Cretaceous

Cretaceous sedimentary rocks - Includes Gannett group and

Wayan formation. Conglomerate, limestone, sandstone,

largely of fresh-water origin. Some age assignments
tentative.

Al




Tr

Pp

pal

Jurassic

Jurassic sedimentary rocks - Includes Nugget, Twin Creek,
Preuss, Stump, and other units. Largely marine sandstone
and limestone.

Triassic

Triassic sedimentary rocks - Includes Wood, Deadman, Higham,
Timothy, Portneuf, Fort Hall, Ross Fork, Woodside, and other
units. Varied marine rocks, locally associated with
volcanic strata. Schistose in a few places.

Permian

Phosphoria formation - Phosphatic shale, limestone, and
chert.

Carboniferous

Carboniferous sedimentary rocks - Brazer, Madison, Milligen,
Wells, Wood River, and other units. Dominantly marine and
containing a large proportion of calcareous rocks, with some
quartzite, etc. May include some Devonian beds.

Ordovician

Ordovician sedimentary rocks -~ Fish Haven, Swan Peak, Sat-
urday Mountain, Kinnikinic and other units, some of which
are of doubtful age, Marine beds in which quartzite and
argillaceous rocks are plentiful; some calcareous beds are
included.

Cambrian

Cambrian sedimentary rocks -~ St. Charles, Nounan, Blooming-
ton, Blacksmith, Bayhorse, Garden Creek, and other units.
Marine beds in which limestone is plentiful, but quartzite
and other rocks are also present. Some age assignments are
tentative.

Undifferentiated Paleozoic
Undifferentiated Paleozoic sedimentary rocks
Pre-Cambrian
Pre-Cambrian (?) strata not correlated with the Belt Series-
Hyndman formation, East fork formation, Albion Range group,
and other units. Mostly metamorphosed limestone and other

sedimentary rocks, but igneous rocks are included locally.
Most age assigmments are tentative.
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APPENDIX B
STRATIGRAPHY AT RIRIE DAMSITE WITH GEOLOGIC SECTIONS

(from Patrick and Whitten, 1981)




Geology of Ririe Dam

Stratigraphy and Structure

The following descriptions and cross-sections of the major geologic
units underlying Rirle Dam are taken from the earlier WES report on Ririe Dam
by Patrick and Whitten (1981). The surface distribution and underlying strat-
igraphy of these units are presented in Figures Bl and B2, respectively. Fig-
ure B3 shows the locations for five generalized geologic cross-sections

parallel and normal to Willow Creek (Profiles 1 through 5 in Figures B4 to BS,

respectively).

Rock Unit Descriptions

Intracanyon flow (Qby)

Unconformably overlying the local channel gravels and rhyolite is
approximately 72 ft of gray to black, porphyritic, and vesicular basalt. This
unit exhibits feldspar phenocrysts and columnar jointing and was apparently
extruded along a canyon ancestral to the present Willow Creek canyon. The
contact between the intracanyon flow and the older basalts is along the north
side of Willow Creek canyon approximately one mile downstream of the dam.

Rhyolite flow (Qyh)

Unconformably overlying the channel gravels and first flow basalt in the
right abutment and only the first flow basalt in the left is a fine-grained,
soft to moderately hard, pink to gray, rhyolite flow. This material 1is the
gray rhyolite flow. The base of the flow consists of ash and locally obsi-
dian. This material is the Huckleberry Ridge tuff of Prostka and Hackman
71974) who describe the unit as a rhyolite, welded, ash-flow tuff. These

authors give the age of the material as Pleistocene.

Bl
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Channel gravels

Exploratory drilling for the emergency spillway in the right abutment
revealed the presence of approximately 40 ft of predominant gravel interbedded
with sand, silt, and clay. The drilling logs indicated that these gravels,
which are presumed to represent a channel deposit, underlie both the rhyolite
and the youngest rock unit, the intracanyon basalt. The channel gravels lie
unconformably upon the older basalt flows and represent downcutting to at
least horizon 14 (see Figure 2) in the older basalt flows.

Older basalt (Qbo)

Unconformably overlying the basal sediments and underlying both the
rhyolite flow and the channel gravels are approximately 251 ft of basalt
flows. These basalt flows are labeled 'Qbo" on Prostka and Hackman's (1974)
map and are considered by them to be of the Quaternary age. At the damsite
the unit consists of predominant hard, dark gray, fine-grained, vesicular
basalt., This sequence of basalts has been lithologically and stratigraphi-
cally divided into five individual flows or flow units on the basis of inter-
bedded clays, flow or contact breccias, and lithologic dissimilarity. Ten key
marker horizons have been identified and are shown on the stratigraphic column
and on the cross sections. Generally these marker horizons can be identified
throughout the vicinity of the dam. However, the examination of boring logs
revealed that marker horizons 17 and 17A are least continuous. These inter-
bedded clays and associated contact or flow breccia zones apparently indicate
surfaces of unconformity upon which successive flows were extruded. Hori-
zon 12 reflects a distinct change in lithology in terms of the appearance of
clustered plagioclase phenocrysts, which appear above horizon 12 and not below
it. This porphyritic basalt is termed the "first flow basalt." This horizon

is not a surface of unconformity.
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Basal sediments (Tr)

This unit is termed "basal sediments" in the foundation reports and is
presumed to be approximately equivalent to the Salt Lake formation. This
material is mapped as "Tr" on Prostka and Hackman's (1974) map and is Pliocene
(Tertiary) in age. The unit consists of rhyolitic welded tuffs, lava flows,
and nonwelded tuffs. Exposures of this unit in Meadow Creek, an upstream
tributary of Willow Creek, consist of volcanic ash beds (nonwelded tuffs),
silts, and sands. The surfaces upon which these individual volcanic and non-
volcanic materials were deposited are apparently quite irregular as indicated
by steep primary dip. These materials are unweathered as exposed in Meadow
Creek, but the basal sediments encountered in boreholes under and near the dam
consist of gilt and clay that most probably resulted from the devitrification
and weathering of the volcanic glass. This unit is believed to be quite thick,
perhaps thousands of feet thick. However, the deepest exploratory penetration

of this unit was approximately 100 ft.

Bl1




APPENDIX C

SEISMOTECTONIC SETTING AND DEISGN EARTHQUAKES
AT RIRIE DAM

(Report by D. B. Slemmons and A. R. Ramelli, 1986)




David Burton Slemmons
Consulting Geologist
2995 Golden Valley Road
Reno, Nevada 89506

(702) 972-4965

Received April 1, 1987

Dr. Ellis L. Krinitzsky

Geotechnical Laboratory

U. S. Army Engineer Waterways Experiment Station
P. 0. Box 631

Vicksburg, Miss. 39180

Dear Ellis:

The accompanying report summarizes my observations on the seismotectonic set-
ting at Ririe Dam, Idaho. The earthquake magnitudes that are proposed are for
the three main fault systems at or near the site. The listric normal faulting
has been verified by Dixon (1982) for the Snake River graben from Antelope
Flat through Swan Valley, Palisades Reservoir and Star Valley, and also for
the Bear Lake graben. It is not certain that the Heise and Rexburg faults are
listric, nor whether or not they are part of the southeastern border zone of
the Snake River Plain.

The surface wave magnitudes are from the linear regressions of Bonilla,

et al., 1984, and Slemmons, 1982. The maximum magnitudes that were observed
for normal faults in the region are: Hebgen Lake (Ms = 7.6) and Pleasant
Valley (Ms = 7.6). The geologic setting and structures for both of these
areas is more conspicuous than for either the Snake River graben near Ririe
Reservoir, or for the Bear Lake graben near Blackfoot Reservoir. The esti-
mated maximum magnitudes for various fault segments that are tabulated in the
accompanying report is about Ms = 7 1/2,

Please do not hesitate in writing or calling me for any addition information
that you may require.

Sincerely,

David B. Slemmons
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ABSTRACT

Ririe Dam and Reservoir are situated in southeastern Idaho in an area of
active tectonism which includes geologically recent volcanism, hot springs and
active faults. Two earthquakes are postulated for design purposes:
(1) Local and Near Field: Snake River Plain Border Zone.
Distance = 0, Ms = 7
(2) Local and Near Field: Swan Valley Graben.
Distance = 5 km; Ms = 7 1/2
(3) Far Field: Star Valley Graben.

Distance = 40 km; Ms = 7 1/2
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PART I: SEISMOTECTONIC SETTING

Ririe Dam, in southeastern Idaho (fig. Cl), is located in the Intermoun-
tain Seismic Belt (Smith and Sbar, 1974). 1In this region, tectonic activity
has been operating throughout the Quaternary along N-S to NW-SE trending
extensional fault systems and the NE-SW trending Snake River Plain. The
regional geologic, tectonic and seismic setting is summarized by Krinitzsky
(1984) for the nearby Blackfoot Reservoir.

Basin and Range extensional faulfing was initiated in the Miocene and
continues today. Recent studies (e.g. Dixon, 1982) have shown that thrust
faults of the Sevier (late Mesozoic) orogenic event have been reactiviated by
this extension, thus developing listric (i.e. flattening with depth) normal
faults. The Grand Valley-Star Valley fault system (Snake River graben) has
been described as having 9 km (5 1/2 mi) of net slip and 6 km (3 1/2 mi) of
horizontal extension during the late Cenozoic (Royse, 1983). Due to the west-
facing thrust ramps, major graben systems in this region generally have the
vast majority of their fault displacement on the east or northeast sides and
much lower displacement and activity to the west or southwest. This results
in tilting and rotation of the valley floor toward the more active south-
eastern side.

The Snake River Plain was later overprinted on the graben system partly
in the form of early caldera formation, with subsequent basaltic volcanism
filling and burying the older calderas. Thus, the older volcanic deposits of
the Snake River Plain are mostly of acidic composition and the younger ones
are mostly basalts. This system becomes younger toward the northeast and may

be due to movement of the North American continental plate over a "hot spot"
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that is responsible for present-day volcanic and seismic activity in the
Yellowstone area (Armstrong, et al., 1975),

Ririe Dam is located along the southeastern edge of the Snake River
Plain, where subsidence of the plain has caused warping and/or faulting of
mostly extrusive volcanic units. Most of these units are the rhyolitic prod-
ucts of the caldera systems (in particular the Rexburg and Island Park cal-
deras). Very little Quaternary fault activity has been described for the
plain boundary, but our aerial and ground reconnaissance, and inspection of
large-scale aerial photography shows evidence for recent fault activity along

fault segments of up to 5 km.
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PART II: SOURCE AREAS

Faulting in the Ririe Dam Area, Along the Snake River Plain

Several faults are shown on the 1:20,000 scale, aerial photographs and
maps (figs. C2 and C3). These are present on a surface of loess-covered
Huckleberry Ridge Tuff, a deposit dated at about 2.0 million years ago, which
erupted from the Island Park Caldera, (Chri.tiansen, 1982). This unit thus
provides a datum plane that is very near the Tertiary/Quaternary boundary,
estimated at about 1.8 m.y. All faults showing surface expression are assumed
to be Quaternary in age, since they cut the Huckleberry Ridge Tuff. The old-
est faults are those with NW or NNE trends (fault numbers 1, 2, 3, and 4;
fig. C4), which includes the SE bounding fault of the Snake River graben
(fault 1). This fault has a thick, uneven cover of loess, as opposed to the
younger, N 45 E trending faults (fig. C5), which have a much smaller amount of
offset and a uniform cover of loess, probably indicative of faulting events
that post-date the majority of loess accumulation. These faults are believed
to be late Quaternary and possibly Holocene in age. They generally have off-
gsets of about 2-3 m (5-10 ft) or less, indicating low activity. They parallel
the Snake River Plain boundary and are likely secondary features due to warp-
ing caused by subsidence of the plain. This is supported by the lack of a
through-going fault zone. The surface of the Huckleberry Ridge Tuff dips
toward the plain at about 5 to 10 degrees, indicating that such warping pro-
cesses have been operating throughout much of the Quaternary.

Fault zone lengths are difficult to determine for swarms of faults such

as these, but a short length would be expected, given the amounts of offset,
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thereby limiting the size of maximum seismic events that could be expected.
The greatest length that can be traced for a single fault is about 5.6 km

(3.4 mi), but a fault zone length of 10-15 km (5-10 mi) is probably more real-
istic and a conservative assumption.

Orientations and relative ages determined for these faults agree fairly
well with those described by Allmendinger (1982) for the south 1/2 of the
Ammon 15 minute quadrangle to the SW of this location. This type of situation
is likely to hold true for much of the Snake River Plain's southeastern bound-
ary. Numerous normal faults with small offsets were observed in a quarry
about 6 1/2 km (4 mi) south of Ammon. The faulted units in this location are
probably the "Tuff of Heise'" dated at 4.3 plus or minus 0.15 m.y. (Armstrong,
et al., 1980).

Faults near Ririe Dam change greatly in appearance across Willow Creek
(figs. 2 to 4). The most evident offsets are on fault traces to the NE of
Willow Creek, while the area to the SW is characterized by numerous linear
drainages with no apparent offset. This change in appearance may be due to
faulting along Willow Creek, as described by Patrick and Whitten (1981).

Our aerial reconnaissance south of the town of Ririe showed that these
scarps had steep, fresh-appearing slopes that are probable Holocene age. The
total scarp height precludes numerous events, so the recurrence interval is
probably ten thousand or more years.

For a fault length of 10 to 15 km, linear regression formulas indicate
an earthquake of 6 1/4 to 6 3/4 (Bonilla, et al., 1984, and Slemmons, 1982),
with a scatter of about 1/4 magnitude for one standard deviation. The magni-
tude mav he too high if this faulting results from warping and is not a deep-
rooted system. Regression formulas indicate that earthquakes of this magni-

tude could lead to maximum surface displacements of about 1/2 to 1 meter, but
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if the magnitudes are lower, smaller displacement should be expected. Also
the complex pattern may be characterized by a series of smaller offsets.

The maximum earthquake for this fault zone is conservatively assumed to
be at Ms = 7, this magnitude is based on a length that is about six times
greater than any of the late Quaternary fault scarps of this zone, but is
somewhat greater than the maximum fault displacements that were observed near

Ammon and at Ririe.

Faults of the Snake River Graben and the Bear Lake Grabens

Faults along the NE edges of the Snake River (Swan Valley/Palisades/Star
Valley) and Bear Lake grabens (i.e. Grand Valley and Bear Lake fault systems)
appear to be highly active (Note: Snake River graben and Snake River Plain
are separate features). The hypothesis that these faults have their base on
listric, reactivated, subhorizontal thrusts (e.g. Dixon, 1982) 1is strongly
supported by geomorphic evidence, in particular, the tilting of valley floors
to the NE.

The historical record of extensional faulting in western United States,
including Borah Peak (1983), Dixie Valley (1954), Fairview Peak (1954), Hebgen
Lake (1959), Pleasant Valley (19i5), and two events on Rainbow Mountain (1954),
shows faulting ruptures that have segment lengths that were defined by step-
overs, cross-structures, and changes in graben width and fault orientation.
Based on these relations, segments of about 30 to 50 km (20 to 30 mi) are
assigned for the Snake River and Bear Lake graben systems. These lengths are
in agreement with historical normal fault rupture lengths in western United
States. Seven segments are identified for the Snake River graben between the

Snake River Plain and the southern end of Star Valley, and three for the
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Bear Lake fault system between Blackfoot Reservoir and Bear Lake at the
Idaho-Utah border. These segments are summarized in Table Cl, with their
estimated seismic parameters.

Earthquake magnitudes that could be expected with these fault lengths,
based on linear regression (e.g. Slemmons, 1982), are not likely to exceed
7 1/2, 1If these faults are shallow and connect to detachment surfaces at
depths of a few kilometers, the magnitudes may be lower, although the seismo-
genic behavior of listric normal faults has not been evaluated.

Since the northwesternmost of Dixon's (1982) profiles is a few kilome-
ters southeast of Ririe Dam, it is not certain that the Heise fault is 1lis-
tric. If it is listric, or the listric faults of Swan Valley graben extend
beneath Ririe Dam, the fault plane would be about 4 1/2 km (2 3/4 wi) deep,
based on Dixon's (1982) cross section 1 which is located about 6 km to the SE,
gsee Figure 6. The Heise-Rexburg fault could yield and earthquake of about
7 1/2 magnitude in a zone that is about 5 km from Ririe Dam. Recurrence inter-
vals can not be determined precisely without detail study of timing of events,
but an approximation is possible. Along the Rexburg-Heise fault, which appears
to represent one segment, one event of about 1 2/3 m (5 1/2 ft) displacement
occurred between 250,000 and 25,000 years B.P., probably much closer to the
25,000 years date (Williams and Embree, 1980 and personal communication). The
Huckleberry Ridge Tuff has been shown to be offset about 150 m (500 ft) near
Rexburg (Embree, et al., 1982). This indicates a displacement rate of about
0.07 mm/yr. If a fault displacement of about 1 2/3 m (5 1/2 ft) is character-
istic for this fault segment (although it should be noted that total offset
increases southeastward along the Heise fault), a recurrence interval of more

than 20,000 years 1is suggested.

Cld




JUIDOTOH 03 8837 suaqead
000°01< A1vuiaend i 9/l > +0€ £ 00T~ 10 ‘Qg 3003yoETq
jooxyoely
000°S+ 3UIIOTOH g 0< w1 L 06 Y> 062< Gt -s3uradg epog
000°S? 3uadoToH T°0< w/1 L szt > 052< 114 s3uradg epos
000°s+ 3Uad0TOH °0< v/1 L S%1 > 06Z< 113 BUBIUOK
3U3DOTOH
000°‘s> ajet T°0< T/t 081 > 00€< 0sS *3ITd e 1eaq
3AaT3IORUT 3pFS MS °Touf
£13uaaan) bl MmoT KaaA r4A A Y —-—— -— oY J[neg *y 9eus
000°S+ auadoToy T°0< z/t t ozt > 00€«< %} £at1ep 1elg °g
000°S+ 3uadoToH T°0< /1L 1] > 00€< ' S¥ A31Tep 1835 °N
000°S% {PUd00TOH T°0< /L 09 > 00€< 113 sapestied
000°S¥ 3Uu3adoToH °0< [4ASN? (113 7> 00€< 113 Kay1EA UBAS
{9ATIORUT 000°001<
£13u3i1an) A1qeqoag mo1 Kxaa Z/1 ¢ 81 —_— ——— G¢ jerg adorajuy
000°02< 000°G2< {070 A B4 8 [ L oS G2 Sangxay-asyay
urerd °y ajyeusg
L1vuzajend Jo saiyney
co~ﬂ aje] 1°0>> L S0 0°1-6°0> €-2 SI> K1epunog °§
CELY) (53%) (3k7aw) K ) @ (@) (@) Juewdas 1{neq
TBAI3]3UT 3198330 2318y apnifuldey 3ITS juaay [e3I0] yiBuaq
aduaianday juad9y juawaseTdstq ‘oyenbylaey woxy 134 juawBag
pajewiisy IS0R aouelIsSI( juamaoeydsyq  peiIewrlIsy
jo a8y

211§ pue juswW3dag J10J SI93jaWeIeg OTWS]IS pue SIULWEIg 3I[NE4

10 @lqe}

C15




112.8 112.0 114.8 110
44.0 44.0

s} o \’1: )
X i
‘e,
! PALISADES om}\
' /
Ve
2 \)4’
BLACKFOOT o:’ \
“ion.i 1120 - 1.8 TR
M 2 o wwes

1
A e et Wom i = S W "L
‘“ By ’b‘ -20,000’
———
0 10 20
L /- J MILES

c E¥ranr - R

AOMERABALEER GRETACEOUS o, ERECEAVRIAN. Bl Liomece

RASSIC-TRIASSIC { § -CAMBRIAN
T HENRRL 31
o7 YRR IARe N e e ot ERVSTALUNE Basement
QY ORAND VALLEY PAULY A ABSAROKA THRUST
M MEADE THAUST Pr PROSPECT THRUST

Figure €6. Geologic cross sections 1 and 2 of Dixon (1982).

Cl6




The rest of the fault system, with the exception of Antelope Flat, has a
higher rate of activity. Along Antelope Flat, between the Heise fault and
Swan Valley, this fault system does not appear to have been active during the
late Quaternary. Basalt flows that are offset a minimum of 100 m (300 ft) at
Swan Valley show no offset where they extend up Pine Creek along the NE edge
of Antélope Flat. These flows probably originated in the Snake River Plain,
where the uppermcst flows are mostly Quaternary in age. A date of 0.8 plus or
minus 0.1 m.y. is given for a basalt flow west of Swan Valley (Armstrong,
et al. 1975). A normal magnetic polarity is described for this flow, so it is
likely to post-date the Matuyama reverse polarity epoch which ended about
0.73 m.y. B.P,, although a short period of normal polarity also existed from
0.97 to 0.90 m.y. B.P. (Mankinen and Dalrymple, 1979). If this 1is an accurate
date for the surficial flow of Antelope Flat (although it is not indicated as
such), a minimum rate of displacement of about 0.14 mm/yr is indicated. An
additional age date of 0.2 plus or minus 0.2 m.y. is given for a basalt flow
capping Table Rock at the northwest end of Antelope Flat (Armstrong, et al.,
1980). If this is the surficial flow, a rate 2 to 3 times greater 1is probable
and is more likely, given the net fault slip reported by Royse (1983) see sec-
tion T). Offset of these basalts is surely much greater than 100 m (300 ft).
The young fault extends from the southeast along the eastern side of Swan Val-
ley and crosses the graben and dies out rapidly at Conant Valley. A side
stream (Pritchard Creek) of this rectangular shaped valley was observed to
have multiple (at least four) sets of uplifted terraces. The northwestern
side of the fault was upfaulted at Antelope Flat to form a natural dam across
the Snake River. This caused thick accumulations of sediment in an upstream
direction. A sediment thickness of 50 percent of the exposed offset is

assumed to be conservative, suggesting a rate of over 0.2 mm/yr is a better
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approximation than 0.14 mm/yr. Detailed study of basalt flows and fault off-
sets could greatly refine this estimate. A recurrence interval of a few thou-
sand years is suggested. These parameters appear to apply for the rest of the
fault system south to Star and Thomas Fork Valleys in Wyoming. The south-
western side of the Snake River graben system, including the "Snake River
fault" (see Witkind, 1975), has a much lower rate of activity, with displace-
ment much less than 0.1 mm/yr and a recurrence interval of at least several
tens of thousands of years. This fault does not noticeably offset a thick,
uneven cover of loess,

The Bear Lake graben system has a rate of activity similar to the Snake
River graben system, but differs in character. At Bear Lake, activity is
highest and occurs along a narrow fault zone. Late Holocene displacement is
indicated for this part of the fault by the presence of a very steep free face
on a fault scarp. Activity remains on a narrow fault zone north to Blackfoot
Reservoir, where it diffuses into a wide zone of extensional faults of
smaller, more distributed ruptures. Activity along the Snake River graben is
on a discreet fault zone to where it intersects, and is truncated by the Snake
River Plain. Events in the diffuse graben system at the Blackfoot Reservoir
are probably smaller in magnitude than those to the south, but some faults of
this area appear quite active and voung (e.g. along Tin Cup Creek, 8 km (5 mi)
east of Wayan).

The Ms magnitude indicated by the linear regressions of Bonilla, et al.
(1984), and Slemmons (1982) indicate magnitudes of about 7 1/4, and this value
has a standard deviation of about 1/4 a magnitude value to give a maximum
earthquake of about 7 1/2. The two highest magnitude earthquakes for normal

faulting in western United States is slightly over 7 1/2 (Hebgen Lake in 1959
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and Pleasant Valley in 1915). The maximum earthquake is assumed conserva-
tively assumed to equal this value, although the 7 1/4 magnitude is based on

an average fit for the data.
Parameters for faults discussed above are summarized in Table 1. The

values given in this table are estimations only, but are within an order of

magnitude.
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PART III: CONCLUSIONS

Evidence for Quaternary activity exists near Ririe Dam along the edge of
the Snake River Plain and along extensional graben systems. Fault swarms jpar-
alleling the Snake River Plain were observed to show geologically recent,
probably Holocene offset within 0.3 km (0.2 mi) of the damsite. While two
lineaments pass through the dam, they do not exhibit obvious offset. The
faults around the dam are believed to be shallow features due to warping of
the plain boundary and are assigned eafchquake magnitudes of less then
Ms = 7.

The major fault systems on the Snake River (Swan Valley and Star Valley)
and Bear Lake graben systems appear to be listrically faulted and broken in
segments of 50 km (30 m?) »r less in length. The earthquake magnitudes for
these faults are li.e”, to be about Ms = 7 1/2 or less. The nearest of these
segments is the Heise-Rexburg fault, at about 8 km (5 mi) surface distance

from the site.
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APPENDIX D

FELT EARTHQUAKES IN THE GENERAL VICINITY OF RIRIE DAM
(MM INTENSITY VI OR GREATER)

(from Stover, Reagor, and Algermissen, 1986, and Coffman,
Von Hake, and Stover, 1982)
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MODIFIED MERCALLI INTENSITY SCALE OF 1931
(Abridgwd)

. Not felt except by & very few under especially favorable circumstances.
. Feit only by s few persons at rest, especially on upper floors of buildings.

1L

Delicately suspended objects may awing.

Felt quite noticeably indoors, especially on upper floors of buildings, but
many people do not recognise it as an earthquake. Standing motor cars
may rock slightly. Vibration like passing of truck. Duration estimated.

During the day feit indoors by many, outdoors by few. At night some
awakened. Dishes, windows, doors disturbed; walla made cracking
sound. Sensation like heavy truck striking building. Standing motor
cars rocked noticeably.

Feit by nearly evervone; many awakened. Some dishes, windows, etc.,
broken; a few instances of cracked plaster; unstable objects overturned.
Disturbance of trees, poles and other tall objecta sometimes noticed.
Pendulum clocks may stop.

Felt by all; many frightened and run outdoors. Some heavy furniture
moved; a few instances of fallen plaster or damaged chimneys. Damage
slight.

Everybody runs outdoors. Damage negligible in buildings of good design
snd eonstruction; slight to moderate in well-built ordinary structures;
considerable in poorly built or badly designed structures; some chimneys
broken. Notiesd by persons driving motor cars.

Damage slight in specially designed structures; considerable in ordinary
substantial buildings with partial collapes: great in pooriy built strue.
tures. Panel walls thrown ouv of frame struetures. Fall of chimneys,
factory stacks, columns, monuments, walls, Heavy furniture overturned.
Sand and mud ejected in small amounts. Changes in well water. Dis-
turbed persons driving motor cars.

Damage considerable in specislly designed structures; well designed {rame
structures thrown out of plumb; great in substantial buildings, with
partial collspee. Buildings shifted off foundations. Ground cracked
conspicuously. Underground pipes broken.

. Some well-built wooden structures destroyed; most masonry and frame

structures destroyed with foundations; ground bedly cracked. Rails bent.
Landaslides considerable from river banks and stesp siopes. Shifted. sand
and mud. Water splashed (siopped) over banks. 4

Few, if any (masonry), structures remain standing. Bridges destroyed.
Broad fssures in ground. Underground pipe lines completely out of
service. Earth slumps and land slipe in soft ground. Rails bent greatly.

Damage total. Waves seen on ground surfaces. Lines of sight and level
distorted. Objeets thrown upward into the air.

Figure D1. Modified Mercalli Intemsity Scale of 1931

(abridged) (from Barosh, 1969)
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