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Geologic Units 
1 General geology and teclonic features from report titled "Black Rock Reservoir. Initial Geotechnical 

ae Pediment Deposits Investigation. Prepared for Benton County Sustainable Development by Washington Infrastructures 
Alluvial Units Qh Alluvium Deposits Services. Inc.. Dated January 2003." Tr Ringold FormationC

Tern Elephant Mountain Member 2 Locations and stick-log information for drill holes DH-1. DH-2, DH-3, DH-4 and DH-6 from f 

Trr Rattlesnake Ridge Member 
 rom report titled "Black Rock Reservoir, Initial Geotechnical Investigation, Prepared for Benton
Tp Pomona Member 

Bedrock Units Ts Selah Interbed County Sustainable Development by Washington Infrastruclures Services, Inc., Dated January 2003." 

Teq Esquotzel Member 

Tum Umatilla Member 
 3. For Location of Geologic Section refer to Drawing 33-100-3381. For Geologic Explantion.
Tm Mabton Interbed Legend and Notes refer to Drawing 33-100-3380.Tpr Priest Rapids Member 
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Geologic Units 1. General geology and tectonic features from report titled "Block Rock Reservoir, Initial 
Pediment Deposits Geotechnical Investigation, Prepared for Benton County Sustainable Development by Washington 

Alluvial Units Ig~ Alluvium Deposits Infrastructures Services, Inc., Doted Jonuary 2003." 
Ringold FormatianLTr 

Trr Rattlesnake Ridge Member 2. For Locotion of Geologic Section refer to Drawing 33-100-3381. For Geologic Explantion, 
Bedrock Units Tp Pomona Member Legend and Notes refer to Drowing 33-100-3380. 
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WEATHERING 	 SEDIMENTARY AND PYROCLASTIC BEDDING FOLIATION 
FRESH (W1): Body of rock is not oxidized or discolored; fracture surfaces ROCK PARTICLE SIZES 	 OR FLOW TEXTURE 
are not oxidized or discolored.; no separation of grain boundaries; no change 
of texture and no solutioning. Hammer rings when crystalline rocks ore struck. DESCRIPTORS THICKNESS/SPACING 

Sedimentary 
D SLIGHTLY WEATHERED TO FRESH (W2):•• Pyroclastic MASSIVE Greater thon 10ft (>3 m) DRounded, subrounded, VERY THICKLY (bedded, ::5 to 10ft (1 to ::5 m) 

SLIGHTLY WEATHERED (W3): Discoloration or oxidation is limited to surface of, subangular fol ioted or bonded) 

or short distance from fractures; some feldspar c~als are dull; fracture 
 Lithified THICKLY 1 to ::5 ft (300 mm to 1 m) 
surfaces have minor to complete discoloration or OXidation; no visible 

Particle or Lithified Fragment product MODERATELY 0.3 to 1 ft (100 to 300 mm) 
separation of grain boundaries; texture preserved and minor leaching of 

fragment product 
THINLY 0.1 to 0.3 ft (30 to 100 mm) 

soluble minerals may be present. Hammer rings when crystalline rocks are VERY THINLY 0.03 [3/8 in] to 0.1 ft (10 to 30 mm) 
struck, body of rock is not weakened by weathering. Boulder Volcanic (e) LAMINATED (Intensely Less thon 0.03 ft [3/B in] «10 mm)

conglomerate
Boulder Block(e) fol ioted or bonded) 


MODERATELY TO SLIGHTLY WEATHERED (W4):.. 

breccia 

56 0' 0'
Volcanic (b)


MODERATELY WEATHERED (W5): Discoloration or oxidation extends from 

Bomb(b)

Cobble agglomerateCobblefractures, usually throughout body of rock; ferromagnesian minerals are • rustyU , conglomerate t- ­feldspar crystals are ·cloudy"; all fracture surfaces are discolored or oxidized; 64
partial opening of grain boundaries visible; texture generally preserved, but 

soluble minerals may be mostly leached. Hammer does not ring when rock is 
 BEDROCKPebblestruck, body of rock is sl ightly weakened. Pebble conglomerate Lapillistone HARDNESS/STRENGTH
INTENSELY TO MODERATELY WEATHERED (W6):•• and Lapilli 

tuff 
Lapilli4 

EXTREMELY HARD (H1): Core, fra~ment or exposure cannot be scratched with 
INTENSELY WEATHERED (W7): Body of rock is discolored or oxidized throughout; Granule knife or sharp pick; can only be chipped with repeated heavy hammer blows.Granuleall feldspars and 	 ferromagnesian minerals are altered to clay to some extent. conglomerate
All fracture surfaces are discolored or oxidized, and friable; partial 2 VERY HARD (H2): Cannot be scratched with knife or sharp pick. Core or fragment
separation of grain boundaries, rock is friable; in situ disaQgregation of breaks with repeated heavy hammer blows. 
granitics common in semi-arid regions; texture altered and leaching of soluble Very coarse sand 

minerals may be complete. Rock has dull sound when struck with hammer; rock 
 1 HARD (H3): Can be scratched with knife or sharp pick with difficulty (heavySandstoneCoarse sand is weakened, usually can be broken with maderate ta heavy manual pressure or pressure). Heavy hammer blow required to break specimen.0.5by Iight hammer blow without reference to planes of weakness.c c 

MODERATELY HARD (H4): Can be scratched with knife or sharp pick with light orCoarse ash Coarse tuffMedium sand VERY INTENSELY WEATHERED (We)". moderate pressure. Core or fragment breaks with moderate hammer blow. 
coarse, medium, 
(Very coarse, 0.25 

DECOMPOSED (W9): Body of rock is discolored or oxidized throughout, but Fine sand MODERATELY SOFT (H5): Can be grooved 1/16 inch (2 mm) deep by knife or sharpfine, or veryresistant minerals such as quartz may be unaltered; all feldspars and ferro­ 0.125 pick with moderate or heavy pressure. Core or fragment breaks with light hammerfine)ma~nesian minerals are completely altered to clay; complete separation of blow or heavy manuol pressure.
Very fine sand 


may be preserved, but resembles a soil. 

grain boundaries 	 (disaggregated), partial or complete remnant rock structure 

0.0625 SOFT (H6): Can be grooved or ~ouged easily by knife or shorp pick with light 
Siltstone/ pressure, can be scratched with fingernail. Breaks with light to moderate manual 

NOTE: Weathering categories are established primarily for crystalline rocks Silt pressure.Shaleand those with ferromagnesian minerals, weathering in various sedimentary 0.D0391 
rocks will not always fit the categories established - weathering categories VERY SOFT (H7): Con be readily indented, grooved or gouged with fingernail, orFine ash Fine tuff may be modified for particular site conditions or alteration such as carved with a knife. Breaks with light manual pressure.ClaystoneCloyhydrothermal alteration. Where modified criteria are established, they should Shalebe identified and described. AI'1'1 bedrock unit softer than H7. Very Soft, is to be described using USBR 5005-86 

(Visual classification of soils) consistency characteristics. 
• Characteristics of fracture surfaces do not include dj[!!ctjoogl weathering (e) Broken from previous igneous rock, block shaped (angular to subangular) . 

along shears or faults and their associated fracture zones; for example a shear 
 (b) Solidified from plastic material while in flight, rounded clasts. 
that carries weathering to great depths in a fresh rock mass would not require 
the whole rock mass to be classified as weathered . 

•• Combination descriptors are used when equal distribution of both weathering 

characteristics are present over significant intervals or where characteristics 

noted are· in between- the diagnostic characteristics. 
 IGNEOUS AND METAMORPHIC 


ROCK TEXTURE 

DURABILITY INDEX 
 TEXTURE DESCRIPTOR AVERAGE GRAIN DIAMETER e 8 

DURABILIlY VERY COARSE GRAINED >10 mm [>3/8 in]

DESCRIPTOR DESCRIPTIVE CRITERIA OR PEGt.tA.TITIC 


COARSE GRAINED 5-10 mm 13/16 -3/8 in]
D10 Rock specimen or exposure remains intact with no MEDIUM GRAINED 1-5 mm 1/32 -3/16 in]


deleteriOUS cracking after exposure longer than 1 year. FINE GRAINED 0.1-1 mm 0.004-1{32 in] 

APHANITIC (Cannot be <0.1 mm <0.004 in 


D11 	 Rock specimen or exposure develops hairline cracking seen with the unaided eye) 

on surfaces within 1 month, but no disaggregation 

within 1 year of exposure. 


D12 	 Rock specimen or exposure develops hairline cracking 

on surfaces within 1 week, and/or disaggregation 

within 1 month of exposure. 
 ADDITIONAL TEXTURAL 	 t- ­

D13 	 Specimen or exposure may develop hairline cracks in ADJECTIVES
1 da)' and displays pronounced separation of bedding 

and/or disaggregation within 1 week of exposure. 


PIT (pitted) - pinhole to 0.03 ft [3/8 in] «1 to 10 mm) openings. 

D14 Specimen or exposure displays pronounced cracking 	 I 1 I; _P. ~ •. I;;::::""""''''..,
VUG (vuSlgy) - Small openings (usually lined with crystals) ranging in diameter fromand disaggregation within 1 day (24 hours) of 
0.03 ft P/8 in] to 0.33 ft [4 in] (10 to 100 mm). ~ ALWAYS THINK SAFETYexposure. Generally ravels and degrades to small 

fragments. 
CAVIlY - ArI opening larger than 0.33 ft [4 in] (100 mm), size descriptions are UNITED STA1E5 
required, and adjectives such as small. lorge, etc., may be used. D£PNmIENr OF 1H£ INTfRIQR 

I!IUREAU OF RCCLAMATION 
HONEYCOMBED - If numerous enough that on~ thin walls separate individual pits

A COLOR or vugs, this term further describes the preceding nomenclature to indicate cell-like 1".11, I1I>V FOR DESIGN & SPl,CII,O"~lL·LO'ICA7TO~iS A 
form. 

The Munsell color system (Geologic Society of America Rock Color Chart) should STANDARD DESCRIPTORS AND DESCRIPTIVE 
be used. This system defines wet color by its hue. value, and chroma. Color VESICLE (vesiCUlar) - Small openings in volcanic rocks of variable shape and size 

symbols used (i.e., 5 YR 5/6 may be included). formed by entrapped gas bubbles during solidification. 
 CRITERIA FOR ROCK 

5 I 

Size 
;0 

mm 

CHECKElL CHUCK SULUVJW 

4 I 1 3 	 I 2 
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DISCONTINUIlY TERMINOLOGY METHOD OF MEASURING DIP OF FRACTURE CONTINUIlY 	 FRACTURE SURFACE AND/OR FILLING 
DISCONTINUITY - Acollective term used for all structural breaks in geologic materials 	 CONTINUITY DESCRIPTOR DISCONTINUITY LENGTHPLANAR DISCONTINUITIES, FOLIATION, 	 ALTERATION AND HARDNESS 

which usually are unheoled and have zero or low tsnsile strength. Discontinuitiea also 

may be healed and exhibit high tensile atrength. Discontinuities comprise fractures AND BEDDING IN CORE DISCONTINUOUS (C1) Less than 3 ft «1 m) Descriptors for weathering or alteration of fracture surfaces and fracture fi II ings 

(including joints), planes of WeoknaSB, sheol1l/faults, and shear/fault zones. Contacts SLIGHTLY CONTINUOUS (C2) 3to 10 ft(l to 3 m) (excluding soil materials) are the some as those used for weathering and 

between various units also may be considered discontinuities. 
 MODERATELY CONTINUOUS (C3) 10 to 30 ft (3 to 10 m) alteration of rock. 

HIGHLY CONTINUOUS (C4) 30 to 100 ft (10 to 30 m) 
FRACTURE - Aterm used to describe ony nmural break in geologic material excluding VERY CONTINUOUS (C5) Greater than 100 ft (>30 m) Descriptors for hardness/strength of fi II ings and/or fracture surfaces are the 

sheol1l and shear zones. Additional fracture terminology is provided below. Dsame as those presented for hardness of rock and consistency of soils., 
SHEAR - A structural break where differential movement has taken place olong a surface ~ ,or zone of failure by 9hear; characterized by mimion!!, 81 ickensides, gouge, breccia, , 	 FRACTURE ENDS (JOINT SURVEYS)mylonite. or ony combination of these. Often direction, amount of displacement, and are axis DISCONTINUIlY HEALINGcontinuity may not be known because of limited exposures or obseMltions. FRACTURE ENOS 

DESCRIPTOR DESCRIPTIVE CRITERIA TOTALLY HEALED (HL1) - All fragments bonded, discontinuity is completely45"FAULT - A shear with significant cantinuity which can be correlated between obseMltions; healed or recemented to a degree at least as hard as surrounding rock. 
occurs over a significant portion of a given site, foundation area, or region; or is a Inclination E0 Zero ends leave the exposure (both ends can be seen).
segment of a fault or fault zone defined in the literature. The designation of a shear MODERATELY HEALED (HL.3) - Greater than 50 percent of fractured or sheared 
as a fault or fault zone is a site-specific determination. 1. 	 Vertical hole - true dip 2. Angle hole - true dip usually not E1 One end of the fracture terminates in the exposure material, discontinuity surfaces or filling is healed or recemented; and/or 

is measured and reported. known; angle is meoeured fram (one end can be seen). strength of healing agent is less hard than surrounding rock. 
SHEAR/FAULT ZONE - A shear that is expressed in relative terms of width. The zone may core axis and is called inclination.

cansist of gouge, breccia, or many related faults or sheore together with fractured and E2 Neither frocture end terminates in the exposure PARTLY HEALED (HL5) - less than 50 percent of fractured or sheared material, 
crushed rock between the shears and faults, or any combination of these. In the I itera­ (neither end can be seen). 	 discontinuity surface or filling is healed or recemented. 
ture many fault zones simply are referred to as faults. ROCK QUALIlY DESIGNATION (RQD) 

NOT HEALED (HL6) - Discontinuity surface, fractured zone, sheared material or 
SHEAR-/FAULT-DISTURBED ZONE - An associated zone offractures and/or folds filling is not healed or recemented, rack fragments orfilling (if present) held EXAMPLE SHOWN FOR CORE, BUT APPLICABLE TO ANY LINEAR OBSERVATIONadjacent to a shear or shear zone where the country rack has been subjected to in place by their own angularity and/or cohesiveness.RQD _ Sum of len h of solid core iece~ > 0.33 ft 4 in (100 mm) Ion 


or fault zone, the term is fgult-disturbed zone Occurrence, orientation, and length of the run In feet mm 

areal extent of these phenomena depend upon depth of burial (pressure and FILLING THICKNESS 

temperature) during shearing, brittleness of materials, and the stress envelope. 

only minor cataclastic action and may be mineralized. If adjacent to a fault 	 X 100 FRACTURE OPENNESS OR 

33ft¥Exp","'••• p.",.'" (X) iO. .~ .,;, FILLING THICKNESS 	 OPENNESS SHEAR/FAULT DESCRIPTORS 
DESCRIPTOR THICKNESS/OPENNESS DESCRIPTOR

~----', SHEAR/FAULT GOUGE CONSISTENCYC[£AN (T0) No film or coating. 
c 

No visible separation. TIGHT (00) 	 DESCRIPTOR DESCRIPTIVE CRITERIA(Similar to consistency of soils) 

FRACTURE TERMINOLOGY 	 FRACTURE FREQUENCY 
VERY TlUN (T1) Less than 0.003 ft [1/32 in] SLIGHTLY OPEN (01) VERY HARD Gouge cannot be broken with finger pressure; cannot be indented 

FRACTURE FREQUENCY - The number of natural fractures occurring within a base «1 mm). with fingemoil.
EXM4PLES SHOWN FOR CORE, BUT APPLICABLE TO AN'( OBSERVATION length or core run. The number of fractures is divided by the length and is 

reported as fractures per foot or fractures per meter. Expressed as 3/m or MODERATELY THIN 0.003 to 0.01 ft [1/32 to MODERATELY OPEN (02) HARD Gouge can be broken with firm finger pressure; can be indented 
6/ft. (T2) 1/S in] (1 to 3 mm). with fingemoil; cannot be indented with thumb. 

JOINT (JT) - A relatively planar fracture along which there has THIN (T3) 0.01 to 0.03 ft [l/S to 3/S OPEN (03) 	 FIRM Gouge can be easily crumbled; can be indented with thumb 1 to 
been I ittle or no shearing displacement. in] (3 to 10 mm). 	 5mm.FRACTURE DENSIlY 

MODERATELY THICK 0.03 ft [3/8 in] to 0.1 ft MODERATELY WIDE (04) SOFT Gouge can be easily molded; can be penetrated with thumb 5 toFRACTURE DENSITY - Based on the spacing of gil ngturgl fractures in an expo (T4) (10 to 30 mm). 	 25mm.
FOLIATION JOINT (FJ) OR BEDDING JOINT (BJ) - a relatively sure or core recovery lengths in boreholes; excludes mechgnjc;gl brlgka 


plonar fracture which is porallel to foliation or bedding along ab'Am god ,b'Ac mo,,· however, shear-disturbed zones (fracturing outside 
 THICK (T5) Greater than 0.1 ft (>30 mm). WIDE (05) 	 VERY SOFT Gouge can be penetrated with thumb more than 25 mm.
which thsre has bsen little or no shearing displacemsnt. 	 the shear) are included. Descriptors for fracture density apply to all rock Actual thickness orexposures such as tunnel walls, dozer trenches, outcrops, or foundation cut openings recorded. slopes and inverts, as well as boreholes. Descriptive criteria presented below 


are based on borehole cores where lengths are measured along the core axis. 

For other exposures the criterium Is distance msosured betwsen fractures SHEAR/FAULT MOISTURE DESCRIPTORS 

(size of blocks). 


The apparent moisture content of goulile is described as WET (visible free water); FRACTURE MOISTURE CONDITIONS 
MOIST (damp, but no visible water); and DRY (absence of moisture, dusty, dry 

extraction or exposure dUll to streae rei iel or elaking. 
BEDDING PLANE SEPARATION - A 8llparation along bedding after UNFRACTURED (FDO): No fractures. 

MOISTURE to the touch). Moisture descriptors M1 through M7 may be used to describe 
VERY SLIGHTLY FRACTURED (FD1): Core recovered mostly in lengths greater than DESCRIPTOR DESCRIPTIVE CRITERIA the shear or shear zone. 

INCIPIENT JOINT (IJ) OR INCIPIENT FRACTURE (IF) - A joint 3 feet (1 m). 

or fracture which doee not continue through the epecimen or ., The fracture is dry. It is tight or filling (where present) is 

at least is not seen with the naked eye. However, when the spec­ SLIGHTLY TO VERY SLIGHTLY FRACTURED (FD2) • of sufficient density or composition to Impede waterflow. 

men is wetted, and then allowed to dry, the joint or fracture 	 Waterflow along the fracture does nat appear possible. BRECCIA SHAPES B 
isting plane. (300 to 1000 mm) with few scattered lengths less than 1 foot (300 mm) or • 2 The fracture is dry with no evidence of previous waterflow . Angular.

greater than J feet (1000 mm). Waterflow appears possible. ~ 
Subongular. 

trace is evident. When core is broken, it breaks along an ex­ SLIGHTLY FRACTURED (FD3): Core recovered mostly in lengths from 1 to 3 feet 

@jJMODERATELY TO SLIGHTLY FRACTURED (FD4) • 	 .3 The fracture is dry, but shows evidence of waterflow such 
RANDOM FRACTURE (RF) - A natural break which does nat belong as staining, leaching and/or vegetation. Subrounded. 

to a joint set, and which exhibits a generally rough, very MODERATELY FRACTURED (F05): Core recovered mostly in 0.3- to 1.0-foot (10D­ ~ 
irregular, nonplanar surface. to 30D-mm) lengths with most lengths about 0.6 foot (200 mm). .4 The fracture orfilling (where present) is damp, but no free Rounded. 

water is present. @ 
INTENSELY TO MODERATELY FRACTURED (F06) • Platy . 

.5 The fracture shows seepage. It is wet with occasional 
INTENSELY FRACTURED (F07): Lengths overage from D.1 to D.3 foot (30 to 100 draps of water. Lens-shaped.

mm) with scattered fragmented intervals. Core recovered mostly in lengths -
MECHANICAL BREAK (MB) - A break due to drilling, blosting, or less than D.3 foot (100 mm). .6 The fracture emits a continuous flow (estimate flow rote) Wedge-shaped. 


handl ing. Mechanical breaks ~rallel to bedding or fol iotion 
 under low pressure. Filling materials (where present) may 
are called Bedding Breaks (BB) or Foliation Breoks (FB), re­ VERY INTENSELY TO INTENSELY FRACTURED (FDS) • show signs of leaching or piping. Contorted. 

spectively. Rscognizing mschonical breaks may bs difficult 

The absencs of oxidation. staining, or mineral fillings, and VERY INTENSELY FRACTURED (FD9): Core recovered mostly as chips and frag­ .7 The fracture emits a continuous flow (estimate flow rate) 

often a hackly or irregulor surface are clues far recognition. ments with a few scattered short core lengths. under moderate to high pressure. Water is squirting and/ 


or filling material (where present) may be substantially 

washed out. 


I 	
ALWAYS THINK SAFETY• Combinations of fracture densities (e.g., Very Intensely to Intensely Fractured 


FRACTURE ZONE (FZ) - Numsrous, very closely spaced intersect­ or Moderately to Slightly Fractured) are used where equal distribution of both 

ing fractures. Often fragmented core cannat bs fitted togethsr. fracture density charocteristics are present over a significant interval or expo­
 UNITED STA1E5 

D£PAHTJIENT" OF THE: INTERIORsure, or where characteristics are" in between- the descriptor defin itions. FRACTURE ROUGHNESS BUREAU OF RCCLAIIIlTION 

RefelOl to small-scale asperities of surfaces, not large-scole undula­
tions or waviness. FOR DESIGN cf: SP£:CII~IQ4TI(:1NsI A

FRACTURE SPACING 
STANDARD DESCRIPTORS AND DESCRIPTIVEJOINT SET, OR FRACTURE STEPPED (Rl): Near-normal steps and ridges occur on the fracture surface. 

SPACING DESCRIPTOR TRUE SPACING ROUGH (R2): Large, angular asperities can be seen. CRITERIA FOR DISCONTINUITIES 
MODERATELY ROUGH (R3): Asperities are clearly visible and fracture surface 

_ CH£CKElL.£I!Yf:!!¥~____ _EXTREMELY WIDELY SPACED (SP1) Greater then 10ft (>3 m) feels abrasive. 
VERY WIDELY SPACED (SP2) 3to 10ft(1 t03m) SLIGHTLY ROUGH (R4): Small asperities on the fracture surface are visible 1....._'..,""",,,""""', - - - - _m:H. APPI/OVAL_t:§!!R_"'-'-~__WIDELY SPACED (SP3) 1 to 3ft (300 mm to 1 m) and can be felt. 

MODERATELY SPACED (SP4) 0.3 to 1 m (100 to 300 mm) SMOOTH (R5): No asperities. smooth to the touch. 

CLOSELY SPACED (SP5) 0.1 to 0.3 ft (30 to 100 mm) POLISHED (R6): ElCtremely smooth and shiny. 

VERY CLOSELY SPACED (SP6) lees than 0.1 ft «30 mm) 
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