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EXPLANATION

 STUDY AREA LOCATION AND 
PREVIOUS WORK

The Holland Gulch quadrangle is located on the northern edge of the 
western Snake River Plain 20 km (12.5 mi) east-southeast of Weiser, Idaho 
(Figure 1).  The quadrangle is approximately 35 km (20 mi) east of the 
western-most exposure of the Idaho batholith in the canyon of the North 
Fork of the Payette River.  

Early geologic studies of the western Snake River Plain in the Weiser, Idaho 
area are those of Waldemar Lindgren (1898), in which he initially named 
sediments of the Payette Formation.   His definition of the Payette Formation 
included all fluvial and lacustrine sediments in the western Snake River 
Plain region that were thought to be Miocene in age based on fossil flora 
studied by Knowlton (1898 and 1925).  Virgil Kirkham (1931) further subdi-
vided the Payette Formation sediments into two units; the younger Idaho 
Formation, now the Idaho Group (Malde and Powers 1962), and the older 
Payette Formation. He assigned the Payette Formation name to all terrestrial 
and lacustrine deposits overlain by rhyolite on the south side, and Colum-
bia River Basalt on the north side of the western Snake River Plain. He 
assigned the Idaho Formation name to all sediments that overlie the rhyolite 
and Columbia River Basalt.  In the Weiser, Idaho vicinity, his “true” Payette 
and Idaho Formation designations were based on lithologic and paleobo-
tanical studies of good exposures of sedimentary beds intercalated with or 
stratigraphically above Columbia River Basalt flows, specifically in the 
Crane Creek, Weiser River, Paddock Valley and Linson Creek areas (Figure 
1). The Linson Creek valley is in the Holland Gulch Quadrangle study area 
and was extensively written about in Kirkham’s (1931) paper for the 
revision of the Payette and Idaho Formations.  Shah (1966, 1968) later 
conducted a detailed study of the lithology, stratigraphy and paleoflora of 
the area.  Shah’s (1966) easternmost Payette Formation stratigraphic section 
was his Cove Creek section 1, measured in the N ½, Sec. 11, T.10.N., R. 
4.W. This stratigraphic section is 3.5 miles west-southwest of the Idaho 
New Almaden Mine, in the adjacent Wieser Cove Quadrangle, in the hills 
north of Cove Road.  He compared this section to his westernmost Sucker 
Creek section 7 measured west of Coal Mine Gulch at Olds Ferry in the SW 
½, Sec. 22, T.11.N., R.7.W., because he thought those sediments to 
resemble the Sucker Creek Formation described by Corcoran (1962).  His 
correlation of the two sections was based on the presence of tuffaceous 
material and the intercalation of basalt at the two sites.  He also noted that 
both the Sucker Creek and Payette Formations appeared to have the same 
stratigraphic position locally. In the Boise Basin, near Idaho City (Fig. 1), 
Forester and others (2002) examined an ash within the Payette Formation, 
and found that it geochemically correlated with a widespread ash layer in 
the western United States, dated at 11.8 ± 0.2 Ma, described by Perkins and 
others (1998).

The oldest rocks in the mapped area are a series of thick basalt and basaltic 
andesite lavas.  Fitzgerald (1981, 1982) described basalt sequences in the 
Weiser area. His mapping of the Columbia River Basalt resulted in the 
subdivision of an upper group of basalts, which he named the Weiser 
Basalt, distinct from the underlying Grande Ronde and Imnaha Basalt.  This 
subdivision was based on stratigraphic occurrence, chemical analysis and 
polarity of basalt flows that accumulated locally in the Weiser embayment.  
He subdivided the Weiser basalt in the Holland Gulch area into two units: 
the older Sugarloaf Basalt Member of reversed polarity, and the younger 
Star Butte Basalt Member of normal polarity.  The Sugarloaf Member gener-
ally contains abundant plagioclase phenocrysts, and is made up of flows 10 
to 20 meters thick with abundant ash and pyroclastic material associated 
with top and bottom contact. Fitzgerald (1982) did not state whether the 
ash and pyroclastics were silicic or basaltic. The Star Butte Member is 
aphyric to slightly phyric, made up of flows 5 to 7 meters thick and also 
contains abundant ashy and pyroclastic interbeds of unspecified material.

We did not find such a simple subdivision of basalts in our Holland Gulch 
mapping. We have named and mapped new units, because we think there 
is more complexity to the paleomagnetic stratigraphy than indicated by 
Fitzgerald (1982). The best exposures of the basalt sequence and inter 
bedded sediments are not in the quadrangle we mapped, but are in the 
Crane Creek Canyon to the north, and along the Wieser River to the north-
west. Those are key areas for future work to resolve stratigraphy of the 
Weiser Basalt Group and the associated sediments.

We have tried to reconcile the mapping with the section in the Weiser 
Stratigraphic Test No. 1 well, drilled by Phillips Petroleum Geothermal 
Operations (1976) in the SE ¼, NW ¼, Sec. 32, T.11.N, R.3.W. near the 
Idaho New Almaden Mine, on the south side of Stinking Water Basin at a 
3075-ft elevation (partial records on file at the Idaho Department of Water 
Resources, geothermal section). The 603.25-m (1,980 ft) geologist’s mud 
log records a basal basalt sequence from 1980 to 910 ft depth.  This basalt 
is overlain by 375 ft (114 m) of sediments in which carbonaceous shale is 
noted near the top. Mention of carbonaceous shale fits with our observation 
of thin lignite beds near the base of the sediments we mapped as the Payette 
Formation. The sediments are capped by yet another basalt sequence, 99 m 
(325 ft) thick which is overlain by an upper 91 m (300-ft) of sediments.  This 

drill record is important because it indicates that sediment deposition in the 
area was interrupted at least once by a relatively thick basalt flow. Descrip-
tions of the basalt are not detailed; however at 450-ft depth, the geologist 
notes “some cuttings coated with glass” suggesting a glassy phase of the 
basaltic andesite we recognized in the field may occur at that depth.

In 1977, Phillips Petroleum Geothermal Operations drilled  a well 8,016 ft 
deep, next to Bear Creek, 1.5 miles north-northwest of the Idaho New 
Almaden Mine (NW ¼, NW ¼, Sec. 29, T. 11 N., R. 3 W., elevation 2,570 
ft) in the adjacent Nutmeg Flat Quadrangle (geophysical logs on file at the 
Idaho Department of Water Resources). The well drilled granite from 7,725 
to 8,016 ft depth. Above the granite is basalt up to a depth of 265 feet, and 
the upper 265 feet is mostly gray shale and sandstone. We have not evalu-
ated the geophysical logs in detail to see if there are significant sediments 
in the basalt section.

In 1956, El Paso Natural Gas Company drilled the Assmussen No. 1 well in 
Sec. 8, T.9 N., R. 3 W., elev. 2,917 ft.  to a depth of 4, 017 ft.  This well is in 
the southwest part of the Holland Gulch quadrangle, near Heart Gulch;  
Newton and Corcoran (1963) report that the well drilled 4,017 feet of sandy 
sediment without hitting basalt. This thick sediment section indicates that 
faulting of the basalt must be large (>1 km) along the northwest-trending 
fault mapped in the west side of the quadrangle.

MAP UNITS

Qal   STREAM ALLUVIUM (HOLOCENE)

Stream deposits along modern active perennial and ephemeral drainages 
are mapped as Quaternary alluvium (Qal).  Major ephemeral drainages 
located in the southwestern portion of the map are floored with silt, sand 
and gravel reworked from the Tertiary sediments.  All other drainages 
including Holland Gulch, Linson Creek, Cove Creek, Little Willow Creek 
and Indian Creek have basaltic gravel and cobble stream beds with 
overbank and low terrace deposits that are mostly silt with minor sand and 
gravel layers.  Lower Cove Creek, south of the Idaho Almaden Mine and 
west of Toe Jam Canyon, is gullied at least 20 feet (6.1 m) and has channel 
and bank deposits which also include clays that are probably derived from 
tuffaceous sediment in the landslide material to the north.  The valley fill in 
lower Cove Creek appears to be anomalously thick . Small geothermal 
springs (40˚ to 50˚� C) flow from this valley fill along Cove Creek in the SW 
¼, SW ¼, section 9, T.10 N., R.3 W.

Qc COLLUVIUM (HOLOCENE)

Thick fill in swales that is mostly of mass-wasting origin, and not alluvium.

Qls LANDSLIDE DEPOSITS (QUATERNARY)

Landslide deposits consist of displaced rock and soil masses that exhibit 
chaotic structure, hummocky topography or other surficial features of 
landslide origin.  

Qg STREAM TERRACE GRAVEL (QUATERNARY)

Terrace gravel deposits are preserved on gently sloping, isolated benches 
located above the confluence of the Holland Gulch drainage and Indian 
Creek with Little Willow Creek.  In an exposed channel, located north of 
Indian Creek in the SE ¼, NE ¼, Section 12, T.9.N., R.3.W., the deposit 
consists of poorly sorted, well-rounded and sub-angular, crudely stratified 
basalt gravel and cobble surrounded by a matrix of grayish brown (5 YR 3/2) 
silty sand.  Gravel and cobble are prominent on terrace surface deposits. 
The surfaces are between 40 feet (12 m) and 120 feet (49 m) above modern 
drainages.  In the valley of Linson Creek, northeast of the stream channel, a 
relatively flat surface extends southeast, from the NE ¼, NE ¼, section 24, 
T.10.N, R.3.W. to the mouth of the canyon.  The surface is littered with 
sub-angular and angular cobble and boulder-size basalt clasts.  This surface 
is thought to be an older terrace deposit that also includes angular collu-
vium derived from the basalt cliffs of the uppermost valley walls.  The base 
of this deposit is 20 feet (6.1 m) above the stream channel.

QTls OLD LANDSLIDE DEPOSITS, SLUMPS, AND DISTURBED 
PAYETTE FORMATION (PLIOCENE AND QUATERNARY)

A sizable landslide forms an apron-like surface that encompasses the area 
down-slope of the Idaho Almaden Mine. This map unit includes similar 
deposits along the southwest-facing slope of the northwest-trending basal-
tic ridge cut by Toe Jam Canyon. The landslide material is made up of 
massive slump blocks, large boulders and displaced sheets of opal-and-
chalcedony-cemented sandstone.  Landslide debris covers rarely exposed, 
moderately and non-indurated, interbedded tuffaceous and non-tuffaceous 
clays, silts and sands. Near western-most edge of the unit, the slide debris 
both covers and skirts a well-exposed section of interbedded clay, silt and 
sand sediment located on the east-facing slope of a deeply incised ravine in 
the NE ¼, NW ¼ , Section 6. T.10.N, R.3.W.  Just south of this sedimentary 
section, landslide material surrounds a basalt and sandstone sequence 
exposed east of Cove Creek road in the NW ¼, Section 7, T.10.N., R.3.W.  
The thickness of this landslide is unknown and, in some places, the area 
mapped as this unit may represent a shallow veneer that buries large 
down-faulted, intact blocks of sediment and basalt. This area contains many 
intersecting normal faults, some of which have topgraphic expression 
through the inferred slide material as linears on air photos.

Ts SAND AND SANDSTONE (PLIOCENE), UNCONFORMABLY 
OVERLIES THE PAYETTE FORMATION

Sub-arkosic and arkosic sands that are coarse and very coarse, well and 
poorly sorted with sub-rounded and angular grains that range to pebble in 
size. The unit contains some well-indurated iron-oxide or silica cemented 
sandstone lenses. In the NW ¼, NW ¼, Sec 8, T. 9 N., R. 3 W., is a relatively 
flat-lying 62.9-meter(203-ft)-thick section of this sand, with a basal 
cemented sandstone ledge dipping southwest 10º into a normal fault. This 
sand unit unconformably overlies the clayey and silty Payette Formation 
sediments in the southwestern portion of the map.   Here, the contact is 
sharp and marked by springs at its base that feed tall, grassy vegetation.  
This thick sand is best viewed south of the Holland Gulch quadrangle, 
looking northwest of Little Willow Road, where it caps the hilltops between 
the mouths of Heart and Ringer Gulches. This sand unit is up to 120-m thick 
in the southwest corner of the quadrangle. 

The unconformity at the base of this sand is very similar to that described in 
the Boise foothills by Wood and Clemens (2002) in their Figure 12. A thick 
unit of clayey sediments (Chalk Hills Formation?) and intercalated basalt is 
overlain by transgressive lacustrine sediment of the Terteling Springs Forma-
tion.  Over these lacustrine sediments of the Boise foothills is a 75-m thick 
unit of coarse deltaic sand named the Pierce Gulch sand, similar to the sand 
unit mapped and described here.  Missing here, however, is the transgres-
sive Terteling Springs unit.  Nevertheless, we are inclined to call this upper 
sand in the Holland Gulch quadrangle, the Pierce Gulch sand, after its 
original identification in the Boise foothills. This also brings into question 
our call on the underlying mudstone: the Payette Formation, rather than the 
Chalk Hills Formation. This dilemma will only be resolved by proper identi-
fication and correlation of the silicic ash units that crop out in sands and 
mudstones just west of the quadrangle.

Tsc   SANDSTONE OF COVE CREEK (MIDDLE MIOCENE)

The sandstone of Cove Creek is a coarse to very coarse, poorly-sorted, 
well-indurated sub-arkosic sandstone.  It is silica cemented and has 
sub-angular and sub-rounded clasts with grain sizes that range from very 
fine sand to pebble.  The unit exhibits some minor, small-scale (up to 10 
cm), low-angle cross-stratification.  The sandstone has a maximum  thick-
ness of 40 feet (12-m)  and typically crops out as ledges. The sandstone 
unconformably overlies the reverse polarity basalt of Toe Jam Canyon (Tbp) 
in the western ½ of the NE ¼, section 4, T. 10 N., R. 3 W.  This unit could 
be a coarse facies of the Payette Formation described below, but is distinc-
tive in that it clearly overlies basalt. We allow that the Tsc, Tsm, and Tsb 
sandstone units may all be of about the same geologic time, but simply 
overly different basalt units.

To  LAYERED OPALITE OF THE ALMADEN MINE (UPPER 
MIOCENE?)

Pink and white opalite that is cinnabar-mineralized.  This unit is the layered 
siliceous-sinter deposit of a former hot springs system.  The deposit was 
mapped and described in detail by Ross (1956).  Much of the sandstone 
associated with the mine is heavily cemented by silica.  In some of the fine 
sediment units it is difficult to know if the material is cemented-or-silica-
replaced clay or silt, or if these are layers of sinter. The area mapped as “To” 
is thin-layered material of relatively low density and with shiny conchoidal 
fracture typical of opal.

Tsm  SANDSTONE OF THE ALMADEN MINE (MIDDLE MIOCENE) 

The uppermost unit exposed at the Idaho Almaden Mine is a coarse to very 
coarse, very poorly sorted, well-indurated sub-arkosic sandstone that has 
sub-angular and sub-rounded clasts with grain sizes that range from very 
fine sand to gravel.  The sandstone is cemented by silica, mainly opal, at 
high elevations in the western ½, section 32, T.11.N., R.3.W. and the NE ¼, 
section 5, T.10.N, R.3.W. at the now abandoned mine.  The sandstone 
contains lenses of silt and gravel and exhibits minor 4-10 cm low-angle 
cross-stratification, but mainly appears massive along ledge and cliff 
outcrops where sedimentary structures may be masked by cementation.  
The sandstone was reported to have a thickness of about 100 feet (30 m) by 
Anderson (1941). The sandstone overlies at least another 60 meters of well-
indurated, interbedded sands and silts.  Total section of silica-cemented 
sediment appears to be 120 meters. It is our opinion that the body of sand 
is a coarse-sediment facies of the mostly mud and clay section of sediments 
in this area described below as the Payette Formation.  The sand appears to 
be underlain by a thick mudstone section, but that section is so much 
disturbed by faulting and landslides that a clear stratigraphic description is 
not possible. This body of formerly permeable sand is curiously deformed 
into a monoclinal or dome structure with a steep east flank.

Tsp PAYETTE FORMATION (MIDDLE MIOCENE) 

A thick sedimentary unit of mostly brownish tuffaceous mudstone, 
variegated clay, silt, sub-arkosic and arkosic sand, and other tuffaceous 
sediments is mapped as the Payette Formation.  A few thin (< 0.5 m) lignite 
beds are an identifying feature of the lower part of this unit. This unit 
overlies the basalts of Linson Creek.  The basalt of Wilburn Butte is interca-
lated with the lower part of these sediments.  In most places these 
sediments overlay the basalt of Toe Jam Canyon, but we still allow that a 
sedimentary section mapped as this unit may lie beneath the basalt and 
basaltic andesite of Toe Jam Canyon  

Twelve silicic volcanic ash samples from this unit were studied in coopera-
tion with University of Utah, using their extensive data base and analytical 
facilities (Williams, 1994; Perkins and others, 1995, 1998, Perkins and 
Nash, 2002).  One very-light-gray (color N8) ash layer, 1 to 2.5 meters 
thick, occurs discontinuously near the base of this sedimentary unit.  
Sample localities of this ash are labelled no. 8 and 25 on the map. Most 
accessible is the locality of sample no. 1 in the adjacent Sheep Ridge Quad-
rangle to the south, along Little Willow Creek Road, NE ¼, NW ¼, sec. 22, 
T. 9 N., R. 3 W (2,466 ft elev.). The ash of localities no. 1, 8, and 25 has a 
remarkable geochemical correlation with the Obliterator Ash in the Sucker 
Creek Formation at Devils Gate, Oregon, about 100 km south of this 
locality (Barbara Nash, 2003 personal communication; Forester and others, 
2004).  The Obliterator Ash was named for its occurrence in the Sucker 
Creek Formation, Oregon; Stewart Valley and the Huntington Creek, 
Nevada stratigraphic sections of Perkins and others (1998) and Perkins and 
Nash (2002). That ash at Sucker Creek has an 39Ar/40Ar date of 14.93 E 0.08 
Ma (Downing and Swisher, 1993; Downing, 1992).  We find that this ash 
occurs within the lower 200 ft (70 m) of the sediment unit we call the 
Payette Formation. This is in keeping with Kirkham’s (1931) original descrip-
tion of the Payette Formation in Linson Creek, (ash locality no. 25 on map), 
and strongly suggests this lower part of the unit correlates with the Sucker 
Creek Formation.  

The Payette Formation mostly rests upon the basalt of Linson Creek, but 
contains the interbedded basalt of Wilburn Butte.  Total thickness of this 
sediment unit is difficult to estimate, because of poor exposure, and 
possible repetition of section over the outcrop area by many normal faults. 
Topographic relief on this unit west of Holland Gulch suggests it is at least 
500-ft (150-m) thick.  We suspect that another unconformity occurs within 
this sedimentary unit, but the upper section is so poorly exposed we did not 
detect it.

We were surprised that the lower part contains the ash of about 15 Ma, 
because we originally thought the unit would be about the age of the Chalk 
Hills Formation (Malde and Powers, 1962) discussed by Wood and Clem-
ens (2002), about 9 to 6 Ma. It is possible that the upper part of sediments 
mapped as the Payette Formation is much younger than 15 Ma, and uncon-
formably overlies the older part bearing the Obliterator ash. 

bwb BASALT OF WILBURN BUTTE (MIDDLE MIOCENE) (N?)

Fine crystalline, mostly aphyric basalt, but may contain some porphyritic 
units.  Unit contains pillow basalt associated with sedimentary interbeds.  
These basalts appear interbedded or laying on top of Payette Formation 
sediments, and that is our definition of the map unit. The basalt is 50 ft 
(17-m) thick where it caps the sediments on Wilburn Butte.  A thick section 
of this basalt occurs along the west side of Linson Creek valley, and its 
occurrence there suggests it may be a canyon-filling unit.  Its thickness there 
is at least 90 meters, but elsewhere it is only a 2 to 20 meter layer associated 
with sediments. In the southeast part of the quadrangle, this basalt appears 
150 to 300 feet (45 to 90 m) above the base of the Payette Formation over 
the basalt of Linson Creek. The petrology of this basalt has not yet been 
described in detail, nor has the paleomagnetic polarity been established 
throughout the unit.  Normal polarity was determined for intercalated or 
burrowed basalts, possibly sills within lacustrine sediments in Nutmeg Flat, 
NW ¼, SE ¼, Sec. 27, T. 11 N., R. 3 W. 

Tsb SANDSTONE OF BEAR CREEK (MIDDLE MIOCENE)

Sandstone ledges 3-5-m thick directly overly the basalt of Bear Creek. The 
sandstone is interbedded with slope forming mudstones that are probably a 
part of the upper Payette Formation.

Tbb BASALT OF BEAR CREEK (MIDDLE MIOCENE) ( R)

Basalt overlying the basaltic andesite of Bear Creek occurs in the roadcut 
along the west side of  Bear Creek Road, in Sec. 30, T. 11 N., R.3 W. in the 
Nutmeg Flat quadrangle. The rock has conspicuous phenocrysts of pyrox-
ene, as well as plagioclase. The polarity, measured on 4 oriented hand speci-
mens, with a field fluxgate magnetometer is reversed.  The locality in the 
Holland Gulch quadrangle at the quarry (sec. 7, T.10 N., R.3 W.) needs to be 
re-examined to see if this basalt has the same polarity and phenocrysts.  

Tab BASALTIC ANDESITE OF BEAR CREEK (MIDDLE MIOCENE) (N)

Glassy-to-pitchstone textured flow of basaltic andesite.  Color is a dark 
greenish black, surfaces have a smooth break, almost conchoidal fracture.  
Rare are parts that are very-fine crystalline with crystals in the groundmass 
that sparkle and are very small, less than 0.05mm.  Some groundmass has 
blotchy olive-colored alteration and some dark green patches.  A few 
amygdules occur in some parts, but most vesicles are hollow. Near the top 
the vesicles are very elongate. The flow is underlain by maroon and white 
tuff with intercalated basalts in the Nutmeg Flat Quadrangle, but the base is 
not exposed on the Holland Gulch Quadrangle. The flow is overlain by 
reversed-polarity pyroxene phyric basalt along Bear Creek Road, but we 
have not re-checked the overlying basalt at the quarry locality of the 
Holland Gulch Quadrangle in sec. 7, T.10 N, R. 3 W.   The andesite of Bear 
Creek is very similar to the basaltic andesite of Cove Creek (reversed polar-
ity), but differs in magnetic polarity. The flow is also very similar to the 
basaltic andesite of Black Canyon (normal polarity) described by Fitzgerald 
(1982), near Emmett, Idaho. All polarity determinations were made in the 
field on at least 4 samples, using a field fluxgate magnetometer.

Because these flows are distinctive map units and also because of their 
relatively high K2O, we submitted a sample to UNLV for an 39Ar/40Ar age:  
BC-1; Basaltic andesite (basaltic andesite of Bear Creek), Hogback outcrop on 
Bear Creek, at abandoned headgate excavation for canal. Nutmeg Flat 
7.5-minute Quadrangle, Washington County, Idaho. UTM (WGS 84): 
0520115 N, 4901115 E; 44º 15.802', 116º 44.879' map elevation: 2,530 feet.

McIntyre (1976) reports a chemical analysis on rock from this flow: Field No. 
MW-2. Lab no.; W-185146 His description: "Hogback forming basaltic 
andesite flow east of Bear Creek and south of Crane Creek: (thin-section 
description: 1-mm microphenocrysts of calcic plagioclase and altered 
olivine in a trachytic matrix of plagioclase, clinopyroxene, magnetite, apatite 
(?) tubules, and minor pale-brown to clear glass).  Rapid rock analysis: K2O 
= 1.5%, SiO2 = 55.1 %". His reported normal polarity confirmed by us.

Tbp BASALT OF TOE JAM CANYON (MIDDLE MIOCENE) (R)

Five or more flows of porphyritic basalt, 6 to 10 per cent plagioclase laths, 
0.6 to 4 mm in size. Exposed flows are 5-15-m thick, and many are ledges 
of columnar jointed basalt. Total thickness north of Toe Jam Canyon appears 
to be 400 ft (120 m).

Tac BASALTIC ANDESITE OF COVE CREEK (MIDDLE MIOCENE) (R)

One flow, about 30 m thick of mostly pitchstone-textured basaltic andesite.  
Flow has an irregular thickness, and may pinch out a mile north of the 
quadrangle. It is well exposed in Cove Creek east of the mine, in the draw 
north of the Bear Creek Summit Road, and in Toe Jam Canyon. Base 
commonly has a flow breccia of ash and glassy vescular rock, Interior is 
massive, or has high-angle flow sheeting and breccias. The top locally has 
a vesicular zone up to 10 meters thick, with very elongate vesicles, up to 3 
cm long. Polarity is reversed.

Sample collected and submitted to UNLV for 39Ar/40Ar date: TJ-1: Collected 
in upper Cove Creek canyon, north of the New Almaden Mine. UTM (WGS 
84) 0523717 E, 4899747 N, 44º 15.035' N, 116º 42.176' W, Sec. 33, T.11 
N., R. 3 W., Nutmeg Flat 7.5-minute Quadrangle, Washington County, 
Idaho, elevation: 3,460 ft.

Tbc BASALT OF COVE CREEK (MIDDLE MIOCENE) (R )

At the bottom of Toe Jam Canyon, beneath the basaltic andesite (Tac) is a 
390-ft section of basalt. The lower 190 ft are covered.  The upper  200 ft is 
made up of 4 flows of porphyritic basalt, each flow 5 to 20 meters thick, 
about 7 per cent 0.5 by 3 mm laths. Polarity is reversed.

Tbl BASALT OF LINSON CREEK (MIDDLE MIOCENE) (R)

A sequence of 9 flows is exposed along the east side of Linson Creek valley, 
in the SE ¼, sec. 12.  Total exposed section here is 250 feet (75 m): the 
lower 250 feet is talus covered, for a total of 500 ft (150 m) of relief. The two 
lower exposed flows are about 10-m thick. They are overlain by 2.5 m of 
white vitric tuff containing pumice clasts to 2 cm diameter. Overlying this 
tuff is a massive aphyric basalt 20-m thick.  This basalt is overlain by yet 
another white tuff, 1.5 to 4 m thick, which is overlain by a glassy aphyric 
basalt or basaltic andesite flow about 5 m thick.  Over this are 4 or 5 flows, 
each about 4 to 6 m thick. Most flows are plagioclase porphyritic with 5 to 
10 percent plagioclase laths (3 x 1 mm).  The upper most flow is 15 to 20 
per cent phenocrysts of similar size. Polarity is reversed. 

We believe the basalt of Linson Creek is the oldest unit in quadrangle.  In 
the southeast corner of the quadrangle, its upper surface forms a volcanic 
table from which the overlying sediments of the Payette Formation have 
been stripped.
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GEOCHRONOLOGY DISCUSSION

Prior to our mapping no geochronology was available for the Weiser Basalt 
and the overlying Payette Formation sediments, except that both are 
younger then the Grande Ronde Basalt with an accepted age of 15 Ma 
(Barry, 2010). Unfortunately we have an unresolved age discrepancy in our 
work. Ar/Ar age of the Weiser Basalt appears to be about 12 Ma. However, 
trace-element correlation of a prominent volcanic ash bed within the 
overlying Payette Formation sediment is 15 Ma.

Fitzgerald (1981) mapped the basalt in the Holland Gulch Quadrangle as 
the Sugarloaf Member of the Weiser Basalt. We agree with his findings that 
all flows are of reverse polarity, except for the basaltic andesite of Bear 
Creek which has a normal polarity. That unit crops out  ½ mile north of the 
northwest corner of the quadrangle in Section 30, T. 11 N., R. 3 W. in the 
Nutmeg Flat quadrangle, where it forms a prominent hogback east of Bear 
Creek (McIntyre, 1976). Our Ar/Ar age on a sample from that unit indicates 
“greater than 12 Ma” (see discussion of Ar/Ar dating results below).

The three principal members of the Weiser Basalt are the oldest Cambridge 
Member, overlain by the Sugarloaf Member, and the youngest Star Butte 
Member (Fitzgerald, 1981). A sample of groundmass material of the 
Cambridge Member at the base of the Weiser Canyon section along the 
highway just south of Cambridge was Ar/Ar dated by the University of 
Wisconsin. The sample gave a good plateau age of 12.53 ± 0.23 Ma 
(Richard Gaschnig, University of Maryland, written communication, 2011). 
That age suggests an age of about 12 Ma for the Sugarloaf Member may be 
correct.

The prominent gray volcanic ash within the lower part of the Payette Forma-
tion sediments was analyzed at the University of Utah, and the glass chem-
istry correlates remarkably well with the widespread Obliterator ash of the 
Sucker Creek Formation with an Ar/Ar age of 14.93 ± 0.08 Ma (see descrip-
tion of the Payette Formation for discussion). The sediment containing the 
ash in the Holland Gulch quadrangle clearly overlies the basalt of Linson 
Creek, and appears to overly all other basalt units except the intercalated 
basalt of Wilburn Butte. Thus basalt which we believe to be 12 Ma is 
overlain by an ash with an age of 15 Ma. Possibly there is an older section 
of the sediments intercalated within the basalt that we did not recognize, or 
perhaps the correlation of the volcanic ash, or its age is incorrect. The 
discrepancy remains unresolved by us.
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Figure 1.  Location of the Holland Gulch 7.5’ Quadrangle showing distribution of the 
Payette and Sucker Creek Formations (compiled from various sources, and may not 

AR/AR DATING RESULTS FOR BASALTIC ANDESITE

REMARKS FROM DR. TERRY SPELL, UNIVERSITY OF 
NEVADA-LAS VEGAS, APRIL, 2004

Nevada Isotope Geochronology Laboratory
Sample Descriptions – Wood,  BSU

General Comments: Your samples were run as conventional furnace step 
heating analyses. This type of sample run produces what is referred to as an 
apparent age spectrum.  The “apparent” derives from the fact that ages on 
an age spectrum plot are calculated assuming that the non-radiogenic 
argon (often refereed to as trapped, or initial argon) is atmospheric in 
isotopic composition (40Ar/36Ar =295.5). If there is excess argon in the 
sample (40Ar/36Ar >295.5) then these ages will be older than the actual age 
of the sample. U-shaped age spectra are commonly associated with excess 
argon (the first few and final few steps often have lower radiogenic yields, 
thus apparent ages calculated for these steps are effected more by any 
excess argon present), and this is often verified by isochron analysis, which 
utilizes the analytical data generated during the step heating run, but makes 
no assumption regarding the composition of the non-radiogenic argon. 
Thus, isochrones can verify (or rule out) excess argon, and isochron ages 
are usually preferred if t a statistically valid regression is obtained (as 
evidenced by the MSWD value). If such a sample yields no reliable 
isochron, the best estimate of the age is that the minimum on the age 
spectrum is the maximum age for the sample (it could be affected by excess 
argon, the extent depending on the radiogenic yield). For samples which 
yield “disturbed” lineage spectra (discordant ages with no distinct pattern 
such the U-shaped aged spectrum just described) one can only use the total 
gas age. 40Ar/39Ar total gas ages are equivalent to K/Ar ages. Plateau ages are 
sometimes found, these are simply a segment of the age spectrum which 
consists of 3 or more steps, comprising >50% of the total gas released, 

which overlap in age at the ±2σ analytical error level. Such ages are 
preferred to total gas or maximum ages if obtained. However, in general an 
isochron age is the best estimate of the age of a sample, even if a plateau is 
obtained. 

BC-1 Basaltic andesite groundmass
  This sample gave a discordant age spectrum with generally rising ages 
throughout which range from ~8 Ma (1st step) to ~15-17 Ma with the final 
steps. There was no plateau age or isochron age defined by this sample. The 
total gas age (equivalent to a K/Ar age) is 12.7 ± 0.2 Ma. The age spectrum, 
along with the relatively low radiogenic yields (% 40Ar*) and relatively large 
amount of gas released below 800C, suggest that the fine grained ground-
mass which was analyzed may have undergone some minor alteration (this 
is sometimes found for basaltic rocks, and may not be obvious, even in thin 
section). If so, the age of this sample should be considered a minimum age, 
as minor alteration would likely have the affect of causing loss of radiogenic 
argon.

TJ-1 Basaltic Andesite Groundmass
    Overall this sample yielded an age spectrum very similar to BC-1, with 
the exception that ages started at ~5 Ma and rose to a maximum of ~14 Ma. 
No plateau age or isochron was defined by these data (we did obtain an 
isochron age of 16.3 ± 0.6 Ma for steps 1-5, however, the 40Ar/36Ar intercept 
was 276 ± 3, substantially below the expected atmospheric argon value of 
295.5 – this casts doubt upon the validity of this isochron as 40Ar/36Ar values 
above atmospheric are easily explained by excess argon, but values below, 
especially this low, have no reasonable explanation). The total gas age was 
11.1 ± 0.2 Ma. I would suggest a similar interpretation for this sample as for 
BC-1 above.

BC-1: Basaltic andesite of Bear Creek (map unit: Tab). Due to low radiogenic argon, the 12 Ma age should be considered a minimum age. 
Total gas age (equivalent to a K/Ar age) is 12.7 ± 0.2 Ma, and the isochron age is 12.2 ± 2.6 Ma. See following remarks from Dr. Terry Spell, 
University of Nevada (Las Vegas) Isotope Geochronology Lab.

TJ-1: Basaltic andesite of Cove Creek (map unit: Tac). Due to low radiogenic argon, the 12 Ma age should be considered a minimum age. 
Total gas age (equivalent to a K/Ar age) is 11.1 ± 0.2 Ma, and the isochron age is 15.2 ± 2.7 Ma by our calculation. Dr. Spell calculated an 
isochron age of 16.3 ± 0.6 Ma. See following remarks from Dr. Terry Spell, University of Nevada (Las Vegas) Isotope Geochronology Lab.


