APPENDIX 1.  DESCRIPTIONS OF STRATIGRAPHIC SECTIONS OF THE UPPER SANTA FE GROUP, LOCATED IN ALAMOSA CREEK UPSTREAM OF THE MONTICELLO BOX.

This appendix presents descriptions of 14 stratigraphic sections of the upper Santa Fe Group in the upper part of Alamosa Creek (upstream of the Monticello Box).  Grain sizes follow the Udden-Wentworth scale for clastic sediments (Udden, 1914; Wentworth, 1922) and are based on field estimates.  Sand textures are abbreviated as follows: very fine-lower, vfL; very fine-upper, vfU; fine-lower, fL; fine-upper, fU; medium-lower, mL; medium-upper, mU; coarse-lower, cL; coarse-upper, cU; very coarse-lower, vcL; very coarse-upper, vcU.  Pebble sizes are subdivided as shown in Compton (1985).  The term “clast(s)” refers to the grain size fraction greater than 2 mm in diameter.  Descriptions of bedding thickness follow Ingram (1954).  Calcium carbonate morphology of paleosols follows that of Gile et al. (1966).  Each stratigraphic section was measured up-section from unit 1.  Numerical unit designations were established up-section for measured sections, but are listed in descending stratigraphic order.  GPS localities for sites are in UTMs (NAD 27, zone 13), errors for the sites are 4-10 m.   The stratigraphic sections are presented in a clock-wise manner relative to their geographic locations, beginning in the southwest corner of the study area. 
Knisley Canyon section. This section consists of proximal piedmont facies.  Measured and described in arroyo-cut along main wash of Knisley Canyon (on north side of canyon) in the Wahoo Ranch 7.5-minute quadrangle.  Measured and described on the east side of this arroyo by Daniel Koning on September 16, 2010, using an abney level and tape measure.   Exposure is located at the following UTM coordinates: 251300 m E, 3716590.  
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	UPPER SANTA FE GROUP, PROXIMAL WESTERN PIEDMONT FACIES
	

	2
	Sandy pebbles through boulders:  Gravel are clast-supported and very poorly sorted pebbles through boulders.  Gravel are composed of gray rhyolite, 25-30% maroon tuff rocks (most of tuff clasts are welded), and 5% basaltic andesite.  Gravel are well-imbricated and subrounded (mostly) to subangular.  Matrix is a reddish brown, poorly sorted, coarse- to very coarse-grained sand that is subrounded (mostly) to subangular.  Less than 30% very fine- to medium-grained sand; sand has an estimated 5% clay.  No internal bedding.  Moderately consolidated and weakly cemented by clay.  
	1.0             3.3

	1
	Sandy pebbles and subordinate pebbly sand:  Very thin to thin, tabular beds.  ~10% thin to medium, lenticular beds that are often cobbly.  1-3% planar- cross-stratified beds that are laminated to thin; foresets are up to 50 cm-thick.  Sandy pebble beds are clast-supported, subangular (mostly) to subrounded, moderately sorted within a bed, and composed of gray rhyolite, 30-35% maroon welded tuff, and 5% andesite to basaltic andesite.  Sand is reddish yellow, fine-upper to very coarse gained, subangular to subrounded (mostly subrounded), poorly sorted, and a volcanic litharenite.  Estimate 4-5% clay in the sand.  There is ~5% very fine to fine-lower sand that mostly is composed of orange, feldspar- and quartz-rich sand.  Well consolidated and weakly cemented by clay.  
	2.0             2.0

	
	UTM coordinates of site: 251300 m E, 3716590 m N.
	


Duck Canyon section. This section consists of clay, silt, and very fine-grained sandstone of the playa facies.  Measured and described on gentle slopes north of lower Duck Canyon, 1570 m west-southwest of the intersection of Duck Canyon wash with Alamosa Creek (Wahoo Ranch 7.5-minute quadrangle).  Measured and described by Daniel Koning on September 16, 2011, using an abney level and Jacob staff.  
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	UPPER SANTA FE GROUP, PLAYA FACIES
	

	5
	Clay, silt and fine sand:  Very pale brown to light brown clay, silt, and very fine to fine-lower sand.  About 20% fine-upper sand.  10% scattered medium- to very coarse-grained sand grains composed of silicic rocks (subrounded).  0.5% very fine to very coarse, scattered, subrounded, silicic pebbles.  Trace very thin to thin lenses of pebbles.  Hard.  Lower contact is sharp and planar.
	1.0           11.0

	4
	Clay:  Brown to reddish brown clay with 10-20%, 3-7 cm-long, rounded nodules of strong calcium carbonate cementation.  The nodules produce strong effervescence in hydrochloric acid.  The claystone produces weak to moderate effervescence in hydrochloric acid.  Lower contact is gradational over 5-10 cm.
	2.6           10.0

	3
	Clay-silt:  Light brown to pink to very pale brown clay and silt.  Pink colors dominate above 5.2 m.  Hard.  5-10% stringers of soft calcium carbonate.  Strong effervescence in hydrochloric acid.  Lower contact is gradational over 10-20 cm.
	4.2             7.4

	2
	Clayey fine sand:  Light brown, clayey very fine- to fine-grained sand (vfL-fL).  Estimate ~20-25% clay.  5-10% white calcium carbonate nodules 0.2-3.0 mm in width and commonly soft.  Unit is well consolidated (hard) and produces strong effervescence in hydrochloric acid.  Lower contact is gradational over 5 cm.
	0.5             3.2

	1 
	Clay:  Reddish brown and hard.  Poor exposure.  Unit continues downward for 6-10 more meters.  
	2.7             2.7

	
	Base of section at base of a moderately steep slope.  UTM coordinates of base is:  253779 m E, 3719340 m N.  From here, section goes along a trend of 345° to the top of the slope..  
	


Southeast Bunkhouse section. This section consists of clay and silt with very minor sand and pebble beds of the playa facies.  Measured and described on the west slope of Alamosa Creek ~685 m northwest of the Wahoo Bunkhouse (Wahoo Ranch 7.5-minute quadrangle).  The section is about 520 m southwest of the junction of the main wash in West Red Canyon and Alamosa Creek.  Measured and described by Daniel Koning on March 24, 2011 using an abney level and Jacob staff.  
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	Top of section in northern of two closely spaced gullies.  UTM coordinates of 253378 m E and 3721148 m N.
	19.8

	
	UPPER SANTA FE GROUP, PLAYA FACIES
	

	5
	Clay:  Brown clay that is massive.  1-5% calcium carbonate filaments and nodules 1-5 mm long.  Moderate to strong effervscence in hydrochloric acid.  Hard.
	1.5                7

	4
	Sandy clay:  Light brown clay mixed with 30-70% very fine- to very coarse-grained sand.  Massive.  Sand is subrounded, poorly sorted, and composed largely of volcanic detritus; very fine to fine sand is subrounded to subangular.  Trace very fine to fine pebbles composed of rhyolite.  10-15% calcium carbonate nodules 0.5-2.0 cm across.  Strong  effervescence in hydrochloric acid.  Hard.
	0.9             5.5

	3
	Clay-silt:  Very pale brown clay and silt.  Mssive.  Abundant calcium carbonate nodules in upper 20 cm. Strong  effervescence in hydrochloric acid.  Hard.
	0.7           4.6

	
	@ 3 m, UTM coordinates of: 253381 m E and 3721157 m N.  From here,  section steps about 6 m to the south, to a point with UTM coordinates: 253380 m E and 3721151 m N.  
	

	2
	Clay-silt:  Light brown, massive, clay-silt.  Massive.  1-3% calcium carbonate nodules 0.5-2.0 cm long.  5% white calcium carbonate filaments.  Strong effervescence in hydrochloric acid.  Hard.
	2.3            3.9

	1 
	Clay-silt:  Light brown to reddish brown clay and subordinate silt.  Massive.  5-10% calcium carbonate nodules 1-2.5 cm long.  Both nodules and clay have strong effervescence in hydrochloric acid.  

@1.3-1.6 m: One lense of very fine- to fine-grained sand that is 6 cm tall and 9 cm across – this sand is likely a krotovina (i.e., fills a former burrow).  

@0.9-1.0 m: one bed of very fine- to medium-grained sand (minor coarse and very coarse sand) with 15% very fine to very coarse pebbles and one cobble.  Gravel are subrounded (mostly) to subangular, poorly sorted, and composed of volcanic rocks (mostly rhyolite).  Medium to very coarse sand is subrounded and volcanic; very fine to fine sand is subrounded to subangular and composition could not be determined.  In this bed is approximately 30-50% clay that is reddish yellow.  Bed is at least 2 m long.
	1.6             1.6

	
	Base of section at northern of two closely space gullies.  Cairn built at base.  UTM coordinates of base is:  253387 m E, 3721157 m N.
	


​​​
Northwest Wahoo Bunkhouse section. This section consists of interbedded sandy gravel channel-fills and siltstone and very fine-grained sandstone.  It is near the gradational top of the fine lower unit.  Measured and described in a side arroyo on the west slope of Alamosa Creek ~1340 m northwest of the Wahoo Bunkhouse (Wahoo Ranch 7.5-minute quadrangle).  The section is about ~730 m west-southwest of the junction of the main wash in West Red Canyon and Alamosa Creek.  Measured and described on the north side of this gully by Daniel Koning on March 24, 2011, using a tape measure.   Section is located at the following UTM coordinates: 252863 m E, 3721527.
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	UPPER SANTA FE GORUP, PROXIMAL-MEDIAL WESTERN PIEDMONT FACIES 
	

	5
	Sandy gravel channel-fill:  Beds are thin to medium and lenticular.  Upper 30-70 cm is clayey sand and gravel.  Clasts are composed of rhyolite and tuff rocks with about 5% intermediate clasts.  Gravel are subrounded to subangular and poorly to moderately sorted.  Clasts consist of pebbles with 15-20% cobbles, and 3-5% boulders.  Sand is very pale brown, very fine- to very coarse-grained, and poorly sorted.  Medium to very coarse sand is subrounded and a volcanic lithic arenite; very fine to fine sand is subrounded to subangular and a feldspathic arenite.  Weakly to moderately consolidated.  
	1.2             9.4

	
	UPPER SANTA FE GROUP, DISTAL WESTERN PIEDMONT FACIES 
	

	4
	Siltstone and very fine-grained sandstone, 5-10% pebble lenses:  Pinkish siltstone and very fine-grained sandstone that is in thin to thick, tabular beds.  5-10% very thin to thin lenses of pebbly sandstone and sandy pebbles.  Pebbles are very fine to medium, subrounded to subangular, and composed of silicic volcanic rocks (~10% intermediate volcanic rocks).  Sand in these lenses is very fine- to very coarse-grained, subrounded to subangular, and poorly sorted.  Very fine- to fine-grained sand is a feldspathic arenite, and medium- to very coarse-grained sand is a litharenite.
	3                8.2

	3
	Sandy gravel:  Gravel similar to that described above.  Sharp and planar lower contact.  
	1.2             5.2

	2
	Siltstone and very fine-grained sandstone, 5-10% pebble lenses.  Strong effervescence in hydrochloric acid and well consolidated.  Lower contact is sharp and slightly scoured.  
	3                  4

	1 
	Clayey sand-sandy clay:  Moderate effervescence in hydrochloric acid.  This overlies clay-silt.
	1                   1

	
	 UTM coordinates of base is:  252863 m E, 3721527 m N.  Described on north slope of arroyo.
	


Wahoo Canyon section. This section consists of distal piedmont sediment overlain by medial piedmont sediment, immediately west of the interpreted playa.  Measured and described in a side arroyo on the north side of lower Wahoo Canyon, about 1830 m northwest of where the wash of Wahoo Canyon reaches Alamosa Creek (Wahoo Ranch 7.5-minute quadrangle).  Measured and described on the east side of this arroyo by Daniel Koning on March 24, 2011, using a brunton compass and eye height.   Exposure is located at the following UTM coordinates: 251943 m E, 3722350 m N.  Based on apparent attitudes, true dip is about 3 degrees to the north.  Note that thicknesses are very approximate because of fading daylight and have an estimated error of +/- 25-30%.
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	UPPER SANTA FE GROUP, MEDIAL WESTERN PIEDMONT FACIES
	

	8
	Interbedded sandy gravel and extra-channel sediment:  Extra-channel sediment is in medium to thick, tabular beds and has calcium carbonate nodules.
	0.4?       11.5?

	7
	Extra-channel sediment:  Reddish yellow, very fine- to fine-grained sand with minor scattered coarser sand and 10-15% scattered, very fine to coarse pebbles.
	2?            11.1

	6
	Interbedded sand and very thin to thin pebble lenses
	2.4             9.1

	5
	Sandy gravel:  Clast imbrication is to south.
	1.5             6.7

	
	UPPER SANTA FE GROUP, DISTAL WESTERN PIEDMONT FACIES
	

	4
	Silty very fine- to fine-grained sandstone:  Massive, but locally planar-horizontal laminated or rippled.
	0.2             5.2

	3
	Pebbly sandstone:  Pebbly sandstone.  Planar-horizontal laminated, with a few, very thin pebble lenses.   Pebbles are up to 40 mm long, subrounded to subangular, moderately sorted, and composed of rhyolite, 10% tuff clasts, and l0% or less intermediate volcanic clasts.  Sand lacks clay and is very fine to very coarse, subrounded to subangular, and poorly sorted.  Very fine to fine sand is arkosic, whereas medium to very coarse sand is a volcanic lithic arenite.  
	0.1             5.0

	2
	Silty very fine- to fine-grained sandstone.  Estimate 30-50% silt.  Sand is subrounded to subangular, well sorted, and a feldspathic arenite.  Sand content increases up-section, where up to 15% medium to very coarse sand is present, as well as 1-3% scattered, very fine to fine pebbles.  
	2.5             4.9

	1 
	Clay-rich mudstone:  Light brown and massive. 
	2.4             2.4

	
	UTM coordinates of base: 251943 m E, 3722350 m N.
	


Stone Canyon section. This section consists of silty fine sandstone and subordinate gravelly channel-fills.  Measured and described on the north slope of Stone Canyon, at a distance of ~0.9 km from the intersection of the modern Stone Canyon wash with Alamosa Creek.  Measured and described by Daniel Koning on June 30, 2010, using a Jacob staff and abney level.  Base of section is at the following UTM coordinates and from there it goes 005°:  251220 m E, 3730035 m N (NAD27, zone 13).
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	QUATERNARY TERRACE GRAVEL
	

	5
	Sandy pebbles, cobbles, and boulders:  About 35% of gravel is composed of gray to maroon, mostly aphanetic, subrounded to subangular rhyolite.  Sand is fine-upper to medium-upper, with subordinate coarse- to very coarse-grained sand.  Sand is light brown, subrounded to subangular, poorly sorted, and a felsic-volcanic litharenite.  Moderately to well consolidated.  Lower contact is highly scoured, with 90 cm of scour relief.
	

	
	UPPER SANTA FE GROUP, DISTAL PIEDMONT FACIES
	

	4
	Fine sand:  Reddish yellow, very fine-lower to medium-lower sand that is massive.  Scattered in the fine sand is 25-30% coarser sand (mU-vcU).  About 5-8% estimated clay content.  15% scattered pebbles.  Well consolidated.  Lower contact is planar but gradational over 10 cm (locally a sharp contact).
	1.0             6.1

	3
	Sandy gravel:  Clast-supported sandy gravel in vague, very thin to thin beds.  Gravel are subrounded (mostly) to rounded and composed of a diverse suite of rhyolite: mostly gray rhyolite with 20% maroon rhyolite + possible tuffs and 10% non-welded white tuff. No dacite or andesite clasts.  Imbrication not consistent, but it’s probably a south-flowing stream because of the clast diversity.  Sand is coarse- to very coarse-grained, with 10% very fine- to medium-grained sand and 5% orange clay chips in the sand-fraction.  The latter gives the sand a strong brown to reddish yellow color.  Sand is subrounded to subangular, moderately sorted, and a felsic-volcanic litharenite.
	1.1             5.1

	2
	Silt and very fine-grained sand:  Pink silt and very fine-grained sand that is massive.  ~10% fine- to very coarse-grained sand and 5-15% scattered pebbles.  10-15% very thin to thin, pebble beds.  Pebbles are very fine to very coarse (mostly very fine to coarse), subrounded to subangular, poorly sorted, and composed of rhyolite with 10% white, non-welded tuff.  Well consolidated.  Lower contact is gradational over 10 cm and planar.
	2.5             4.0

	1
	Sandy gravel:  Poorly exposed, clast-supported, sandy pebbles in thin to medium, tabular beds.  Gravel are imbricated.  ~40% of gravel are non-welded tuffs and rest are gray to maroon, aphanetic rhyolite.  Matrix is light brown to light yellowish brown, fine-upper to very coarse-upper sand (mostly very coarse-grained).  Sand is subrounded, poorly sorted, and a felsic-volcanic litharenite.  About 2-3% orange clay chips in the sand fraction.  Sandy gravel is moderately consolidated and non-cemented.  
	1.5             1.5

	
	Base of section is the UTM coordinates of 251220 m E, 3730035 m N.  From here, the section goes 005° up the slope.

	


Lower Big Pigeon Canyon section.  This section consists of sandy gravel with abundant cobbles, along with a 1.1 m-thick interval dominated by sand.  Interpreted to represent deposition by a south-flowing stream draining the northwest San Mateo Mountains.  The location of this relatively large stream approximately coincides with the modern Limestone Canyon.  Measured along west road cuts of State Highway 52, where this highway climbs the steep slope immediately north of the mouth of Big Pigeon Canyon (Dusty 7.5-minute quadrangle).  Measured and described by Daniel Koning on September 8, 2011, using a jacob staff and abney level.   
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	UTM coordinates o top of section: 252613 m E and 3731611 m N. 
	

	
	UPPER SANTA FE GROUP, MEDIAL EASTERN PIEDMONT FACIES 
	

	3
	Sandy gravel:  Clast-supported sandy gravel in very thin to medium, planar-horizontal or low-angle cross-stratified beds (foresets in the latter are up to 25 cm thick).  These beds fill paleo-channels estimated to be 10-30 m wide and 60-90 cm thick.  Gravel consists of 1-2% boulders, 40% cobbles, and rest is pebbles.  Gravel are poorly sorted, subrounded, and locally imbricated.  Average imbrication direction of 211°.  Clasts composed of light gray to light purple rhyolite, subordinate welded tuff, and 5% yellowish, non-welded lithic tuff.  Sand in gravelly matrix is 10YR 7/2-3 and 7.5YR 6/4-6/6; sand is mL-vcU, subrounded to subangular, and poorly sorted.  Medium to very coarse sand is composed of rhyolite grains.  15% of sand is comprised of vfL-fU sand (about half of which is composed of orange clay).  Weakly to moderately cemented by calcium carbonate. 
	4.0           10.2

	2
	Sand:  Light brown to strong brown (7.5YR 6/4-5/6) extra-channel sediment composed of vfL-fU sand and 10-15% scattered mL-vcU sand. An estimated 10% clay-silt and 1-5% scattered pebbles are also present.  Sediment is internally massive and well consolidated.

@5.6-5.9 m: One sand- to clast-supported bed of sandy very fine to very coarse pebbles, with 10% cobbles.  Clasts are felsic-rich and similar to that seen in unit A; garvel are subrounded and poorly sorted.  Clast imbrication in the middle gravel bed is to the southwest (248°).  To the southwest, this gravel bed becomes moderately cemented by calcium carbonate (moderate effervescence in hydrochloric acid).       
	1.1             6.2

	1 
	Sandy gravel:  Clast-supported sandy gravel in thin to medium, tabular to lenticular beds.  Gravel are mostly clast-supported, subrounded, poorly sorted, and consist of very fine to very coarse pebbles, 30-40% cobbles, and 1% boulders.  Clasts composed of light gray rhyolite, minor pink to light purple rhyolite, minor welded tuff (light gray to purplish gray), and 5-7% non-welded, yellow-white, lithic tuff.  No andesite clasts seen.  Sand in gravelly matrix is light brown to strong brown (7.5YR 6/4 to 5/6), mL-vcU, subrounded (mostly) to subangular, moderately sorted, and a volcanic litharenite.  Within the sand fraction, there is about 5% very fine- to fine-grained sand composed largely of orange clay.  About 3% thin to medium, tabular sand and pebbly sand beds.  Moderately to well consolidated, and non to weakly cemented (by clay?).  Average clast imbrication of 227°. 
	5.1             5.1

	
	Base of section:  UTM coordinates of 252555 m E and 3731550 m N.  From here, section trends 043°.  Strata appear subhorizontal.  
	


Upper Limestone Canyon section. This section consists of the medial piedmont facies.  Measured and described at the head of a small, east-trending, side canyon of Limestone Canyon.  This arroyo is located 5.9 km upstream from the mouth of Limestone Canyon (Oak Peak quadrangle 7.5-minute quadrangle).  Measured and described by Daniel Koning on September 13, 2010, using an abney level and Jacob staff.  An estimated 25 m of non-exposed strata of the upper Santa Fe Group lie between this section and the lower Limestone Canyon section.
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	Top of stratigraphic section:  Top of small escarpment at the top of the side canyon:  255248 m E, 3739880 m N.
	

	
	GRAVELLY SEDIMENT OVERLYING A PEDIMENT (PLIO-PLEISTOCENE)
	

	15


	Sandy pebble to cobble gravel:  Gravel is subrounded, poorly sorted, and composed of ~40% maroon tuff rocks, 35% white tuff rocks, and 25% light gray rhyolite.  Matrix consists of strong brown to reddish brown, fine- to very coarse-grained sand that is subrounded (mostly) to subangular, poorly sorted, and a felsic-voclanic litharenite.  ~1-2% clay in this unit, which occurs as coats on clasts and grains.  Loose.  Lower contact is planar unconformity.   
	0.5           20.3

	
	UPPER SANTA FE GROUP, MEDIAL EASTERN PIEDMONT FACIES
	

	14

	Fining-upward sequence of gravel to silt and fine sand:  At base of unit is a 10 m-long and 35 cm-thick (maximum) sandy pebble conglomerate.  Conglomerate exhibits very thin, horizontal-planar internal bedding.  Gravel is clast-supported, subrounded, moderately to poorly sorted, and composed of maroon tuff (mostly) and maroon rhyolite with ~30% light gray rhyolite and ~20% white tuff rocks.  Sand is brownish gray, fine- to very coarse-grained (mostly coarse- to very coarse-grained), subrounded to subangular, poorly sorted, and a felsic-volcanic litharenite; fine-grained sand is relatively feldspathic.  Upper 25% and lower 25% of gravel has a calcium carbonate accumulation comparable to a stage II carbonate morphology.  Weakly consolidated and non-cemented.  Above the gravel is a 30-50 cm-thick transition zone with the overlying fine-grained sediment, which probably represents a bioturbated horizon.
Upper 70 cm of unit is a very pale brown to light yellowish brown, internally massive silt and very fine- to fine-grained sand (mostly vfL-fL); 10% scattered medium- to very coarse-grained sand and 1-5% very fine to fine silicic pebbles.  Unit contains 3-5% pebble lenses (pebbles are like those in the basal gravel unit).  Weakly to moderately consolidated.  Unit contains 1-10% calcium carbonate-filled rhizoliths (2 mm or less wide and up to 40 mm long) and 5% thin (1 cm or less), horizontal platelets of calcium carbonate.  One 24 cm-wide, gravel-filled krotivina that is weakly cemented by calcium carbonate.  Upper contact is a planar unconformity.
	1.5           19.8

	13

	Fining-upward sequence of gravel to silt and fine sand, mostly overprinted by a soil:  Bottom of unit has a 20-30 cm-thick, clast-supported pebble-cobble bed that extends across the entire outcrop.  Gravel are poorly sorted, subrounded, and composed of subequal gray-maroon rhyolite and tuff calsts (most of tuff clats show welding); 10-15% white tuff-rock clasts.  Above the basal gravel is white silt and very fine- to fine-grained sand (vfL-fL), with subordinate scattered coarser sand and pebbles.  A soil marked by a Bt/Bk couplet has developed on the upper-middle part of this unit.  The Bt horizon is 70 cm-thick, consists of clay and minor silt, is light brown, and manifests strong, very fine to medium, angular to subangular blocky peds that are hard.  On a given ped face is 50-100%, distinct clay films.  There is a 30 cm-thick gradational zone between the Bt and Bk horizons.  The Bk horizon is up to 30 cm-thick and exhibits a stage III carbonate morphology.   Upper contact is scoured and wavy.
	1.3           18.3

	12

	Soil developed on silt and fine sand with minor coarser sand and pebbly beds:  Very pale brown, moderately to well consolidated silt and very fine- to fine-grained sand (mostly vfL-fL), with 15-20% scattered, medium- to very coarse-grained, silicic sand grains that are subrounded to subangular.  ~15% lenses (10-30 cm-thick) containing clast-supported pebbles.  Clasts are subrounded, poorly sorted, and composed of maroon tuff rocks (mostly welded tuff) and subordinate gray rhyolite; ~10% of clasts are white tuff  rock.  The sand in these pebbly lenses is medium to very coarse, but also contains minor tan, very fine- to fine-grained sand and silt.  Sand is subrounded (mostly) to subangular and poorly sorted.  Medium to very coarse sand is a felsic-volcanic litharenite.  Coarse channel-fills are not cemented and not generally connected.  A soil has developed on top of this unit, marked by a Bt horizon overlying a Bk horizon.  The Bt horizon is 140 cm-thick, reddish yellow to pink, and contains moderate, fine to coarse, angular blocky, hard peds.  About 50-100% of a given ped face is covered by distinct clay films.  The upper 40 cm of the Bt horizon has been overprinted by calcium carbonate precipitation associated with overlying soil (unit 13).  The Bk horizon of unit 12 is 40-50 cm-thick and has a stage II+ carbonate morphology.  The Bk horizon has moderate, coarse to very coarse, angular blocky, hard peds.  Upper contact of unit is planar and gradational over 10 cm.  
	3.3           17.0

	11

	Soil horizon in clay-silt and very fine-grained sand with pebbly channel-fills:  Sediment similar to that of unit 10 except fine-grained sediment has ~20% clay.  The Bt horizon is 30 cm-thick and manifested by strong peds; peds are very fine to medium, angular blocky, and hard.  About 25-50% of a ped face is covered by distinct clay films.  Below the argillic horizon is a Bk soil horizon.  The soil developed on this unit and its parent material are younger than the sediment and upper soil associated with the top of unit 10.  
	0.9           13.7

	10

	Silt and very fine sand interbedded with pebbly channel-fills:  Unit similar to unit 9, except that it has 1-20% channel-fills of pebbly sandstone and sandy pebble-cobble conglomerate.  Coarse channel-fills are less than 30 m wide, 30-100 cm-thick and tabular to lenticular in shape.  Gravel are mostly very fine to very coarse pebbles (1-5% cobbles) that are subrounded and moderately to poorly sorted.  Clasts are composed of gray to maroon silicic rocks (rhyolite and coarse welded tuffs, with 15-20% white tuffs).  Channel-fill sand is gray to brownish gray, medium- to very coarse-grained, subrounded, poorly sorted, and a felsic-volcanic litharenite (silicic volcanic grains with ~15% feldspar and ~10% quartz); minor very fine to fine, orange sand that appears to be a feldspathic arenite.  On top of unit is a strong soil: 12 cm of a Bt horizon underlain by a 50 cm-thick stage III carbonate horizon.  To the south, the soil has developed on a sandy pebbly channel-fill 60-70 cm-thick (with thin to medium, tabular to lenticular beds).  To the north, the soil has developed on silt and very fine-grained sand.  The very pale brown silt and very fine sand is moderately consolidated.  The coarse channel-fills are mostly non-cemented and weakly consolidated, but locally cementation is moderate to strong.  Upper contact is smooth and gradational over 7-8 cm.  Lower contact is 60-100 cm lower to the north because of a gravel bed filling a 60-100 cm-deep paleo-gully; here, the soil is eroded out.  Sharp, wavy upper contact.
	4.6           12.8

	9


	Silt and very fine sand:  Very pale brown, internally massive silt and very fine sand, with 7-10% scattered pebbles and cobbles.  Minor fine- to very coarse-grained sand that is subrounded, poorly sorted, and composed of silicic volcanic grains.  Upper contact corresponds to base of lowest gravel of unit 10.  Non-cemented and weakly-moderately consolidated.  
	2.4             8.2

	8

	Pebbly sand:  Sand lacks internal bedding.  Lower 5 cm has minor clay.  Pebbles are very fine to very coarse, subrounded, poorly sorted, and composed of maroon rhyolite and tuff rocks (mostly welded tuff); ~40% gray rhyolite and 15% light-colored tuff clasts.  One 6 cm-long, soft tuff clast near top of unit.  Sand is light brown to reddish yellow, very fine- to very coarse-grained (mostly medium- to very coarse-grained), subrounded, and poorly sorted; medium to very coarse sand is a felsic-volcanic litharenite, whereas fine sand appears to be a feldspathic arenite.  Sharp upper contact.  Loose.
	0.4             5.8

	7

	Silt-clay with minor sand:  Very pale brown silt-clay and minor sand, with 5-15% scattered medium to very coarse sand composed of silicic volcanic rocks (subrounded) and 1% very fine to fine pebbles.  Well consolidated and weakly cemented.  Sharp upper contact.  
	0.3             5.4

	6

	Argillic soil horizontal(?) in clay with minor sand:  Reddish brown to reddish yellow clay with 10% medium to very coarse sand (silicic grains) and subordinate very fine to fine sand.  About 5% MnO films.  Soil developed on unit is manifested by moderate ped development; peds are very fine to fine and subangular block.  Upper contact is gradational over 5 cm but exposure is limited.
	0.2            5.1 

	5

	Sandy pebble conglomerate:  Sandy pebble conglomerate with 5-10% cobble-rich beds.  Beds are very thin and tabular, with 5-10% medium, lenticular beds.  Gravel are clast-supported, consist mostly of very fine to medium pebbles, subrounded, and moderately sorted within a bed.  Gravels are composed of marron tuff rocks (mostly welded tuff) and maroon rhyolite, with minor gray-white rhyolite; ~10% white ruff rocks.  Sand is very pale brown, very fine- to very coarse grained (mostly coarse- to very coarse-grained and only minor very fine- to fine-grained), subrounded, and poorly sorted.  Medium and very coarse sand is a litharenite, whereas very fine to fine sand is more arkosic.  Moderately consolidated; 10-20% thin lenses of moderate to strong calcium carbonate cementation that are judged not to be soils.  Upper 30 cm shows calcium carbonate accumulation that is interpreted to be related to pedogenesis.  It is very likely related to the soil development overprinted on unit 6.
	2.6             4.9

	
	Section steps southward to main gully.  Probably 1-3 m of uncertainty in the stratigraphic correlation.
	

	4

	Sandy conglomerate:  Sandy, well-graded pebbles through boulders.  Strongly cementated by calcium carbonate, whose precipitation has destroyed bedding.  Gravel are subrounded and composed of gray rhyolite with minor maroon rhyolite + tuff rocks (latter is mostly welded tuff).  Sand is brownish gray, subrounded (mostly) to subangular, poorly sorted, and a felsic volcanic litharenite.  ~10% very fine- to fine-grained, orange, arkosic(?) sand; rest of sand is medium- to very coarse-grained.  Upper 50 cm is particularly strongly cemented.  Sharp lower and upper contacts, but limited exposure. 
	0.6             2.3

	3


	Sand with clay-silt:  Light brown, very fine- to fine-grained sand with an estimated 10% clay-silt and 25% scattered medium- to very coarse-grained sand.  Internally massive.  Upper 10-15 cm of unit has a stage II Bk horizon.  Sharp lower contact, but limited exposure.
	0.5             1.7

	2


	Argillic(?) soil horizon in fine sand:  Reddish brown to light brown Bt horizon developed in very fine- to fine-grained sand.  This sand has minor, scattered, coarser sand and pebbles.  Estimate 15% clay.  Moderate ped development; peds are very fine to coarse and angular blocky.  >50% of ped surface covered by distinct clay films.  
	0.5             1.2

	1


	Pebble conglomerate:  Well-cemented pebble conglomerate with 5% cobbles.  Bedding is totally destroyed by calcium carbonate cementation.  Gravel are poorly sorted, subrounded, and composed of maroon tuff (mostly welded tuff) and rhyolite (of which gray rhyolite is most common).  1-3% purlplish hornblende dacite.  Lower contact is not exposed.  
	0.7             0.7

	
	Colluvium and talus
	-4.0          -4.0

	
	Conglomerate:  A cemented block of conglomerate; unsure whether this is in place.
	

	
	Base of stratigraphic section:  18 m west of confluence found in the upstream end of the side canyon.  Specifically, the section goes up the north side of the canyon at a location 3 m east of the first juniper west of the confluence.  Approximate UTM coordinates:  255216 m E, 3739892 m N.  Section goes upslope starting from the base of the lowest cemented block of congloemrate
	


Lower Limestone Canyon section. This section consists of the medial piedmont facies, and its top is about 25 m lower in elevation than the base of the Upper Limestone Canyon section.  Measured and described on the lower western slope of the canyon, at a location 6.5 km upstream from the mouth of Limestone Canyon (Oak Peak 7.5-minute quadrangle).  Measured and described by Daniel Koning on September 13, 2010, using an abney level and Jacob staff.  Base of unit placed at the base of an exposure about 2 ft above valley floor alluvium.  The base is approximately located at the following UTM coordinates:  255210 m E, 3740400 m N (zone 13, NAD 27).  From there, the section goes 055° up the slope to the top of the slope.  It does not include ~3-4 m of capping Quaternary terrace alluvium.
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	UPPER SANTA FE GROUP, MEDIAL EASTERN PIEDMONT FACIES
	

	
	Sandy gravel:  Planar-horizontal, very thin to thin beds of sandy gravel.  Gravel is subrounded (mostly) to subangular, moderately to poorly sorted, and composed of maroon tuff clasts and rhyolite; ~15% white tuff clasts.  Sand is light brown to brownish gray and medium- to very coarse-grained.  Sand is subrounded (mostly) to subangular), poorly sorted, and a felsic-volcanic litharenite.  ~10% fine-grained, orange sand and 1-3% clay in the matrix.  Non-cemented and weakly to moderately consolidated.  Lower contact is sharp and scoured (with about 30 cm of relief).
	7.0           16.0

	2
	Sandy gravel:  Sandy gravel that includes well-graded pebbles through boulders.  Sandy gravel is vaguely thin to medium-bedded.  Gravel are very poorly sorted, subrounded, well-imbricated, and composed of maroon tuff, purple-gray to white rhyolite, and white tuff rocks (about subequal proportions).  ~10% clasts of breccia and volcaniclastic sedimentary rocks of the Bear Trap Formation.  Matrix is composed of reddish yellow (for fine sand and clay) to gray fine- to very coarse-grained sand (fU-vcU), with an estimated 10% clay.  Sand is subrounded (mostly) to subangular, poorly sorted, and a felsic-volcanic litharenite.  Moderately to well consolidated and non-cemented.  A 33 cm-thick lens of moderately to well consolidated, light yellowish brown to very pale brown sandstone is found near the top of the unit.  Sharp and scoured lower contact with ~1 m of scour relief.  
	3.0             9.0

	1
	Pebbly sandstone and subordinate sandy pebbles:  Beds are laminated to thin and tabular.  ~10% thin to medium, lenticular beds.  Gravel are subangular to subrounded pebbles that are moderately sorted; ~3% fine cobbles.  Gravel are composed of light gray to gray rhyolite, with 30-35% maroon welded tuff and maroon rhyolite, and 20% white tuff rocks.  Sand is gray, medium- to very coarse-grained, subrounded (mostly) to subangular, and a felsic-volcanic litharenite (about 10% reddish yellow, subrounded to subangular, arkosic, very fine to fine sand grains).  Moderately consolidated and non-cemented. 
	6.0             6.0

	
	Base approximately at the UTM coordinates of 255210 m E, 3740400 m N. From here, the section goes 055° up the slope to the top of the slope.
	


Upper Big Pigeon Canyon section. This section consists of interbedded extra-channel sediment and gravelly channel-fills, probably close to the transition between the medial and distal piedmont facies but still in the medial facies.  Measured and described on the northwest slope of Big Pigeon Canyon, at a distance of 7 km up from the mouth of this canyon.  Measured and described by Daniel Koning on September 15, 2010, using a Jacob staff and abney level.  Base of section is at the following UTM coordinates and from there it goes directly upslope:  255867 m E, 3737027 m N.
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	UPPER SANTA FE GROUP, MEDIAL EASTERN PIEDMONT FACIES
	

	8
	Silt and fine sand:  Pink to very pale brown, very fine- to fine-grained sand (vfL-fL) and silt.  Unit is massive but has 10-15% thin to medium, lenticular beds of felsic-volcanic, medium- to very coarse-grained sand and very fine- to medium, felsic pebbles (subrounded); there is only minor very fine to fine, orange sand in the matrix of these coarse beds. Within the main body of fine sediment, there is an estimated 10-15% fU sand and 1-15%, scattered, medium- to very coarse-grained sand composed of subrounded (mostly) to subangular, felsic-volcanic grains.  Very fine- to fine-grained sand is subrounded to subangular and arkosic (dominated by quartz and feldspar).  Moderately consolidated an non-cemented.  Lower contact is wavy and gradational over 1-2 cm.
	0.9             6.5

	7
	Sandy gravel and pebbly sand:  About subequal sandy pebbles and pebbly sand that comprise a channel-fill complex.  Pebbles are very fine to very coarse and include cobbles at its base of the unit (clasts are 20-30 cm in diameter).  Gravels are subrounded (mostly) to subangular and moderately sorted, and composed of subqequal gray rhyolite and maroon welded tuff and non-welded tuff;  ~15% white, non-welded tuff.  ~5% of rhyolite may be dacites.  Matrix is pink to light brown to brown to strong brown, and composed of very fine- to very coarse-grained sand (mostly medium-upper to very coarse-upper).  Sand is subrounded (mostly) to subangular and poorly sorted.  <15% quartz and feldspar-rich, very fine- to fine-grained sand and ~1% estimated clay.  Within the coarse channel sediment are 10-20% thin, tabular interbeds of pink, clayey-silty, very fine- to fine-grained sand that is subrounded to subangular and arkosic (with minor, variable medium to very coarse sand and very fine to fine pebbles composed of subrounded, felsic-volcanic grains/clasts).  Weakly consolidated and non-cemented. Lower contact is sharp, with about 30 cm of scour relief.
	1.9             5.6

	6
	Silty-clayey fine sand:  Pale brown to light brown to very pale brown, very fine- to fine-grained sand with an estimated 5-10% silt-clay.  About 10-15% sandy pebble beds that are very thin to thin and lenticular.  Pebbles are subrounded, poorly sorted, and similar in composition to gravel in the underlying unit.  Fine sand is subrounded to subangular and mostly consists of feldspar and quartz, with about 15% estimated volcanic lithic grains.  Within the fine-grained sediment is 15-25% scattered medium- to very coarse-grained, felsic-volcanic sand grains and very fine pebbles; these are subrounded (mostly) to subangular.  Fine sediment is moderately to well consolidated and has displays no effervescence in hydrochloric acid. Lower contact is planar and gradational over 2 cm.
	0.9             3.7

	5
	Sandy gravel:  Reddish yellow to strong brown, sandy pebbles that are in vague, horizontal-planar, laminated to very thin beds.  Pebbles are clast-supported, very fine to very coarse, subrounded, poorly sorted, and composed of subequal gray rhyolite and maroon tuffs (possible minor maroon rhyolite or rhyodacite).  ~15% white, non-welded tuff.  Matrix is composed of very fine to very coarse-grained sand (mostly medium-upper to very coarse-upper sand).  ~10% estimated fL-fU sand that is orange, subrounded to subangular, and arkosic.  ~90% mL-vcU sand that is subrounded to subangular and composed of felsic-volcanic sand.  ~1% clay (as coatings on grains and clasts).  Lower contact is planar and sharp.  Weakly consolidated and non-cemented.
	0.4             2.8

	4
	Silt and fine sand:  Very pale brown silt and very fine-lower to fine-lower sand. Vague, thin to medium beds that are internally massive. Mixed with this fine sediment is minor fine-upper sand and 5-20% scattered, felsic-volcanic, medium- to very coarse-grained sand that is subrounded (mostly) to subangular.  0-15% scattered, subrounded (mostly) to subangular, felsic-volcanic pebbles.  Overall, unit is poorly sorted.  Well consolidated but no effervescence in hydrochloric acid.   
	1.2             2.4

	3
	Sandy gravel:  Reddish yellow, sandy pebbles and cobbles that are subrounded and poorly sorted.  Pebbles and cobbles consist of maroon tuff (including welded tuff) and gray rhyolite.  Matrix is very fine- to very coarse-grained sand that is poorly sorted and has 10-15% clay.  Very fine to fine, orange sand comprises 30-35% of sand fraction and is arkosic and subrounded to subangular).  Medium and very coarse sand comprise 65-70% of sand fraction and consists of subrounded, felsic-volcanic grains.  Interpreted as a debris flow.  Sharp, scoured contact with 4 cm of relief. 
	0.2             1.2

	2
	Fine sand:  Pink to orange, very fine- to fine-grained sand that contains an estimated 5% silt and clay.  ~10% scattered volcanic pebbles (similar to those in underlying unit) and 10-25% medium to very coarse, scattered, felsic-volcanic sand grains.  Very fine and fine sand are subrounded to subangular and arkosic.  Wavy, sharp lower contact with ~30 cm of relief.  Moderately consolidated and non-cemented.  
	0.2             1.0

	1
	Sandy gravel:  Clast-supported sandy pebbles in very thin to thin, tabular beds.  Pebbles are subrounded and moderately to poorly sorted within a bed.  Gravel are composed of maroon tuff and welded tuff (minor maroon rhyolite), 30-40% gray rhyolite, and 15-18% white, non-welded tuff.  Upper 20 cm has abundant cobbles that are matrix-supported; I interpret this as a debris flow.  Gravel matrix consists of 20% pale brown, fine-grained sand (subangular to subrounded and rich in feldspar and quartz) and 80% gray felsic-volcanic grains that are subrounded (mostly) to subangular.  Sand is poorly sorted.  Moderately consolidated and non-cemented.  
	0.8             0.8

	
	Base of section is at the following UTM coordinates: 255867 m E, 3737027 m N.  From here, it goes directly upslope.
	


Bud Welty Ranch house section. This section depicts the medial piedmont facies, close to its gradation with the proximal piedmont facies.  Measured and described on the lower northwest slope of West Red Canyon in a road cut, about 95 m northwest of Bud Welty’s Ranch House (Welty Hill 7.5-minute quadrangle).  The ranch house is located 6 km northeast of the intersection of West Red Canyon wash and Arroyo Seco.   Measured and described by Daniel Koning on March 25, 2011, using a jacob staff and abney level.   Strata dip 3° to the southwest (along a 225° trend), but a true attitude could not be obtained.  
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	Top of section along road cut:  UTM coordinates of 257540 m E and 3726313 m N.
	

	
	UPPER SANTA FE GORUP, MEDIAL EASTERN PIEDMONT FACIES
	

	6
	Interbedded silty sand and very thin to medium gravel lenses:  Non-gravelly sediment consists of very pale brown to minor reddish yellow, silty very fine to medium sand.  Bedding is thin to medium and tabular.  Some beds have 1-10% medium to very coarse sand and 1-10% pebbles that are very fine to coarse and scattered.  ~40% gravel beds that are in thin to medium and tabular to lenticular.  Gravel are clast-supported and consist of pebbles with 20% cobbles.  Clasts are subrounded (minor subangular), poorly sorted, and composed of rhyolite with ~3% welded tuff.  Sand is white (because of calcium carbonate accumulation), fine- to very coarse grained (mostly very coarse-grained), subrounded to subangular, and poorly sorted.  Medium- to very coarse-grained sand is a volcanic litharenite; very fine- to fine-grained sand is arkosic.  Weakly to moderately consolidated and strong effervescence in hydrochloric acid.  At top of exposure is a 10 cm-thick, reddish yellow, Bt soil horizon in fine-grained sand (10-20% coarser sand and 10-15% scattered pebbles).  Moderate ped development; peds are medium to coarse and subangular to angular blocky.  Common, faint clay bridges observed on the peds.  Below this Bt horizon is a 30 cm-thick Bk horizon (stage II carbonate morphology). Clast imbrications measured and listed in paleocurrent table.
	1.3             5.4

	5
	Bioturbated argillic horizon:  Strong brown to reddish yellow color.  25% scattered pebbles up to 20 mm-long.  Matrix is very fine-to fine-grained sand with ~15% clay and 10-15% scattered medium- to very coarse-grained sand. Moderate to strong ped development; peds are coarse to very coarse and angular blocky.  Common to many clay films on ped surfaces (>25% of a ped surface) that are distinct.  
	0.6             4.1

	4
	Silty to clayey sand:  Very pale brown, silty-clayey very fine- to fine-grained sand.  Within this unit is 1-10% coarser sand and very fine to fine, scattered pebbles.  A paleosol has developed on this unit and is marked by moderate, coarse, subangular blocky peds that are hard.  
	0.2             3.5

	3
	Sandy gravel:  Single bed or sandy gravel.  Gravel are clast- to sand-supported, subrounded, poorly sorted, and composed of rhyolite and 3-5% tuff and welded tuff clasts.  Gravel consists of pebbles with 10-15% cobbles.  Weakly consolidated and weak effervescence in hydrochloric acid.  Clast imbrications measured and listed in paleocurrent table.
	0.2             3.3

	2
	Clayey sand:  Sand is strong brown and consists of very fine- to very coarse-grained sand (mostly very fine- to fine-grained).  Estimate 1-8% clay.  A paleosol has developed on this unit and is marked by strong, coarse, subangular blocky peds that are hard to slightly hard; clay films cover 5-25% of a ped’s surface, are faint, and occur as bridges.  Moderately to well consolidated and weak effervescence in hydrochloric acid.  
	0.6             3.1

	1 
	Sandy gravel:  Clast-supported, sandy gravel in very thin to medium, lenticular to tabular to low-angle, cross-stratified beds.  Gravel is clast-supported and consists of pebbles with 20-25% cobbles.  Pebbles and cobbles tend to be segregated to their own beds.  Gravel are subrounded, moderately to poorly sorted (within a bed), and composed of rhyolite and 5% tuff rocks.  Sand is reddish brown, fine- to very coarse-grained (mostly mU-vcU), subrounded to subangular, poorly sorted, and a volcanic litharenite.  Up to 10% clay chips in the sand fraction.  Moderately to well consolidated and weak effervescence in hydrochloric acid.  Clast imbrications measured and listed in paleocurrent table.
	2.5             2.5

	
	Base of section along road cut:  UTM coordinates of 257511 m E and 3726250 m N.  First segment of stratigraphic section trends 050° and uses a 3° SW dip.  After 1 shot, I use a trend of 028° and 2° SW dip.
	


Middle West Red Canyon section. This section consists of interbedded sand and gravels interpreted to lie at the interfingering zone of the medial and distal piedmont facies.  Measured and described on the southeast slope of lower West Red Canyon, at a distance ~3.4 km up from the mouth of this canyon.  Section is located on southeast corner of the Dusty 7.5-minute quadrangle.  Measured and described by Daniel Koning on March 25, 2011, using a tape measure and abney level.   
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	Top of section:  UTM coordinates of 256278 m E and 3723913 m N.
	

	
	UPPER SANTA FE GROUP, INTERFINGERING MEDIAL AND DISTAL EASTERN PIEDMONT FACIES
	

	3
	Mudstone:  Orangish brown, clay-rich mudstone.  No bedding seen.  Moderate to strong effervescence in hydrochloric acid.   
	1.2            3.8

	2
	Silty-clayey sand:  Very pale brown, silty-clayey sand.  Sand is very fine- to medium-grained (vfL-mL), subrounded to subangular, and arkosic.  1-10% scattered, mU-vcU volcanic sand grains and very fine pebbles.  Estimated 5-15% silt or clay.  Internally massive except for 5% thin to medium, sandy pebble-cobble beds (10-15% cobbles).  In these beds, clasts are subrounded and composed of rhyolite with 1-5% welded tuff; sand in these beds is mostly medium- to very coarse-grained, subrounded, rhyolitic sand grains.  Moderately consolidated and moderate to strong effervescence in hydrochloric acid.   
	2.1             2.6

	1 
	Sandy gravel:  Clast-supported sandy gravel.  Exposure does not allow a good characterization of bedding.  Gravel consists of pebbles with ~30-35% cobbles.  Clasts are subrounded, poorly sorted, and composed of rhyolite with 1-5% welded tuff.  Clast imbrications are not consistent.  Largest clast is 22 x 15 cm.  Sand is light gray, medium- to very coarse-grained (mostly coarse- to very coarse-grained), subrounded (mostly) to subangular, poorly sorted, and a volcanic litharenite.  ~10% of sand is fine-grained, which appears to be arkosic.  Weakly consolidated
	0.5             0.5

	
	Base of section:  UTM coordinates of 256282 m E and 3723918 m N.  
	


Lower West Red Canyon section. This section consists of fine sandstone and minor gravelly channel-fills.  Measured and described on the northwest slope of West Red Canyon, at a distance of 0.7 km from the junction of State Road 52 and the West Red Canyon road (northeast corner of the Wahoo Ranch 7.5-minute quadrangle).  It is the middle of the three prominent exposures in this area.  Cairn built at base of exposure.  Measured and described by Daniel Koning on June 30, 2010, using a Jacob staff and abney level.  Base of section is at the following UTM coordinates and from there it goes 322°:  254519 m E, 3722713 m N.
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	QUATERNARY TERRACE GRAVEL
	

	8
	Sandy gravel:  Sandy pebbles and cobbles.   
	Not measured

	
	UPPER SANTA FE GROUP, DISTAL PIEDMONT FACIES
	

	7
	Silty-clayey fine sand:  Pink, massive, very fine-lower to medium-lower sand; estimate 5-15% silt and clay content.  About 5-10% scattered, medium-upper to very coarse-upper sand and 5% scattered very fine to very coarse, subrounded, poorly sorted, felsic-volcanic pebbles.  Two pebble-cobble lenses noted below, whose sand fraction is very pale brown, very fine- to very coarse-grained (mostly coarse- to very coarse-grained), subrounded, poorly sorted, and a felsic-volcanic litharenite.  Upper 40 cm of unit is slightly redder.  Well consolidated and weakly cemented by calcium carbonate (weak to strong effervescence in hydrochloric acid).  Base of unit is gradational over 1 cm.  
@ 4.8 m: 10 cm-thick sandy pebble-cobble lense.

@5.2-5.5 m:  20-30 cm-thick sandy pebble-cobble lense.  Eight imbricated clasts give paleoflow direction of 196 degrees.  
	1.8             6.3

	6
	Fine sand:  Pink, very fine- to medium-lower sand with 5-10%, scattered, medium-upper to very coarse-upper sand.  1-5%, scattered, very fine to medium rhyolite pebbles.  Sediment is massive.  On top of this unit is a 40 cm-thick Bw horizon.  This horizon is reddish yellow to red and has moderate, medium to coarse, angular blocky, hard peds.  Sediment has 1% estimated clay content but no clay films.  Base of Bw is gradational over 30 cm, and top if gradational over 1 cm.  Well-consolidated and weakly cemented by calcium carbonate (weak to strong efferevescence in hydrochloric acid).  Base of unit gradational and smooth.

	1.4             4.5

	5
	Fine sand with three paleosols:  Very pale brown, very fine- to fine-grained sand that is massive.  ~20% medium- to very coarse-grained sand (mostly medium-lower).  1-5% scattered, very fine to medium, subrounded rhyolite pebbles.  Sand is subrounded (mostly) to subangular, moderately to poorly sorted, and arkosic.  Well consolidated and weakly cemented by calcium carbonate (weak to strong efferevescence in hydrochloric acid).  Gradational lower contact.  Three buried soils are present:
@2.6-3.1 m is the upper soil:  30 cm-thick Bt horizon overlying a 20 cm-thick, nodular Bk horizon with stage II+ carbonate morphology; nodules are 4-5 cm across.  Bt horizon is reddish yellow to reddish brown and has moderate to strong, medium to coarse, angular blocky peds that are hard.  Peds are commonly covered by 25-50%, faint to distinct, clay films.  Sediment in Bt horizon contains about 3-5% clay mixed with very fine- to fine-grained sand and 20% medium-lower (mostly) to coarse-upper sand.  Contact between Bt and Bk horizon is sharp and wavy.  

@2.2-2.6 cm is middle soil:  30 cm-thick Bw horizon overlying a 10 cm-thick, stage II Bk horizon.  The Bw horizon is light brown and has moderately, coarse, angular blocky, hard peds.  No clay films but there is an estimated 1-3% clay in this horizon.  The sediment of the Bt horizon consists of very fine- to fine-grained sand, with 20% coarser sand and 0.5% scattered pebbles.  The base of the Bk horizon is gradational over 10 cm, and this horizon has developed on a lenticular, very thin, very fine to very coarse pebble lense with subrounded clasts of rhyolite.  

@ 1.6-1.9 m is lower soil:  15 cm-thick Bt horizon overlying a 15 cm-thick, stage I+ to stage II Bk horizon.  There is a 20 cm-thick gradation between these units.  The Bt horizon has hard, strong, moderate to coarse, angular to subangular blocky beds and a reddish brown color.  On 5-25% of a ped surface is covered by faint clay films.  

	1.5             3.1

	4
	Sand and gravel:  Two stacked medium, tabular, fining-upward beds of gravel to sand.  Both beds are very pale brown and 20 cm thick.  Gravel is subrounded, poorly sorted, and composed of rhyolite pebbles and cobbles.  B axis of largest clast is 24 cm.  Sand in the upper parts of these beds is fine- to medium-grained, subrounded (mostly) to subangular, moderately sorted, and arkosic.  Moderately to well consolidated and weakly cemented by calcium carbonate (moderate to strong effervescence in hydrochloric acid).  Lower contact is sharp and planar.  
	0.4             1.6

	3
	Fine sand:  Very pale brown, very fine- to fine-grained sand that is massive.  20-25% medium-grained sand grains and 10% scattered, coarse to very coarse sand grains.  Trace scattered pebbles.  Sand is subrounded to subangular, poorly sorted, and arkosic.  Well consolidated and weakly cemented by calcium carbonate (moderate to strong effervescence in hydrochloric acid).  Gradational lower contact.   
	0.8             1.2

	2
	Sand:  Well-graded, very pale brown, very fine- to coarse-grained sand.  10% very coarse-grained sand.  Sand is subrounded, poorly sorted, and composed of quartz, 15-20% feldspar, and 10-15% lithic grains.  Moderately consolidated and weakly cemented by calcium carbonate (moderate to strong effervescence in hydrochloric acid).  Gradational lower contact.  
	0.3             0.4

	1
	Sand with pebbles:  Very pale brown, fine- to very coarse-grained sand with 25-30% very fine to fine pebbles.  Pebbles consist of subrounded, moderately sorted rhyolite.  Sand is similar to that in unit 2.  Moderately consolidated and weakly cemented by calcium carbonate.  
	0.1             0.1

	
	Base of section is at the following UTM coordinates: 254519 m E, 3722713 m N.  From here, it goes up the slope at a 322° trend.  
	


Rattlesnake Well section. This section consists of sandy gravel interbedded with a 30 cm-thick bed of sand; a paleosol has formed on the latter.  Interpreted to represent proximal facies of the piedmont flanking the northern Sierra Cuchillo.  Measured at the base of the northeast slope of an unnamed canyon, 1 km northwest of Rattlesnake Spring and 0.8 km southeast of the mouth of this arroyo (southwest Montoyo Butte 7.5-minute quadrangle).  Measured and described by Daniel Koning on September 7, 2011, using a jacob staff and abney level.   
	Unit
	Description
	Thickness (m)

(Unit) (Total)

	
	UPPER SANTA FE GROUP, PROXIMAL EASTERN PIEDMONT FACIES 
	

	3
	Sandy gravel:  Fining-upward sequence: clast-supported channel-fills of sandy gravel in lower part, subequal sandy gravel channel-fills and extra-channel sediment in lower-middle part.  Sandy gravel is in horizontal-laminated to cross-stratified beds (~5 cm-thick foresets).  Gravel consists of very fine to very coarse pebbles with ~3% cobbles.  Clasts are subangular, moderately to poorly sorted, and composed predominantly of plagioclase- and pyroxene-phyric andesite.  No consistent clast imbrication.  Matrix of gravel is a fU-mL-vcU (mostly mL sand).  Sand is 7.5YR 5/3, subrounded (mostly) to subangular, poorly sorted, and litharenite in composition.  Extra-channel sediment is light brown (7.5YR 6/4) and consists of vfL-fU sand with minor coarser sand. Sand is subrounded to subangular and composed of quartz, feldspar, and 30-35% volcanic grains.  10-20% moderate calcium carbonate cementation; extra-channel sediment displays soft nodules of calcium carbonte 0.5-2.0 cm across.  Sandy gravel is weakly consolidated, and extra-channel sediment is moderately consolidated.  
	1.5             2.3

	2
	Paleosol developed sand:  No sedimentary structures.  Parent material is a very fine- to very coarse-grained sand with an estimated 7-10% clay-silt.  Upper 10 cm of unit has few, faint, clay films and bridges on peds and is 5YR 6/4; weak effervescence in hydrochloric acid.  Below this horizon lies a 10 cm-thick calcic horizon exhibiting a stage II calcium carbonate morphology.   Lower 10 cm is a stage I+ calcic horizon (strong effervescence in hydrochloric acid).  The lower two horizons have a color of 5YR-7.5YR 6/4, in addition to strong, medium to coarse, subangular blocky peds.  Very few, faint, clay films and bridges are observed on peds, and the peds are hard.     
	0.3             0.8

	1 
	Sandy gravel:  Clast-supported sandy gravel in very thin to thin beds that are lenticular to horizontal-planar.  Gravel consists of poorly to moderately sorted pebbles composed of purple to gray, plagioclase- and pyroxene-phyric andesite.  Clast imbrication averages 330°.  Matrix of gravel is a mU to vcU sand, with 10-15% mL sand and 5% vfU-fU sand (the latter being orange).  Overall, sand is 7.5YR 5-6/3, subrounded (mostly) to subangular, poorly sorted, and a volcanic litharenite.  Moderate to well consolidated.  Top 10 cm of unit is strongly cemented (strong effervescence in hydrochloric acid).  Below, sediment is weakly to non-cemented (weak effervescence in hydrochloric acid).  
	0.5             0.5

	
	Base of section:  UTM coordinates of 256398 m E and 3714225 m N. 
	


