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Figure 1. Oblique map of topography and bathymetry of Lake Tahoe and surrounding 

region. Sierra Nevada lies to west and Carson Range lies to east of the lake. This 

field trip follows a route from Kings Beach at  the north end of the lake, 

southwestward to Tahoe City and Squaw Valley, and then southward along the 

western shore to Emerald Bay. Field trip stops are shown by red dots. ER Mapper 

image by K. Smith.  
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INTRODUCTION  

 

[This guide is modified from a June 2011 field trip of the Northern California Geological 

Society (Schweickert et al., 2011).]  

 

  The Lake Tahoe basin has formed in response to dextral transtensional 

deformation along the trailing edge of the Sierra Nevada microplate in eastern California 

and western Nevada (Figs. 1 and 2).  The Sierra Nevada microplate, through partial 

coupling to the Pacific plate, is moving northwestward at a rate of about 14 mm/yr 

relative to the stable continent, and a belt of heterogeneous, transtensional deformation 

occurs along its trailing edge, as shown in numerous recent studies. The Lake Tahoe 

 
Figure 2: Kinematic model for the Lake Tahoe region of the SNGBBZ (after 

Schweickert et al., 2004). Basins in white, mountainous areas in gray. T -  

axis=S hmin =minimum horizon tal stress, P -axis=maximum principal stress, locally 

vertical (=S v) and locally horizontal (=S hmax , maximum horizontal stress). As Sierra 

Nevada microplate moves northwest, SNGBBZ is a belt of transtension in which 

zones of N -S normal faults (P=Sv>Shmax>Sh min) alternate with zones of N -S 

shortening characterized by conjugate, NW and NE -striking strike -slip faults, and 
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where N -S trending P -axis=Shmax>Sv. SN:CP=Sierra Nevada relative to Colorado 

Plateau.  

---------------------------- 

region lies within one of the most seismically and tectonically active parts of the Sierra 

Nevada-Great Basin boundary zone (ñSNGBBZò), and where a large fraction of the 

northwest displacement of the Sierra Nevada microplate (Bennett et al., 1999; Thatcher et 

al., 1999; Dixon et al., 2000) appears to be occurring. This region, which is characterized 

by active normal, oblique slip, and strike-slip faults and a high rate of seismicity, shows 

important evidence of spatial and temporal partitioning of deformation and displacement 

during transtension (Schweickert et al., 2004). 
 

 The Lake Tahoe basin appears to be one of the most currently active basins, has a 

well-preserved record of active deformation, and lies in and near the most populous, 

urbanized area of the SNGBBZ. 

 

  Important di scoveries that we originally reported in 2000 included:   

¶ the presence of numerous active faults within the basin;  

¶ a megalandslide on the lake bottom triggered by the collapse of a large area on the 

western shore;  

¶ removal of glacial moraines from two large glacial valleys along the western 

shore by the collapse event; and  

¶ evidence of tsunamis generated by landslides and earthquakes. 

 

  New work by our group since 2000 discussed on this field trip  

includes: 

¶ Emerald Bay surface mapping and submarine studies 

¶ studies of glacial geology 

¶ Fallen Leaf Lake to Emerald Bay (McCaughey, 2003) 

¶ Blackwood Canyon glacial geology (Schweickert and Lahren, 2002) 

¶ glacial chronology (Howle et al., 2005, 2011, and in prep.) 

¶ tsunami gravels at Sugar Pine Point State Park (Lopez et al., 2004; Schweickert et 

al., 2005) 

¶ Tahoe basin kinematics (Schweickert et al., 2004) 

¶ Tahoe City subsurface data (Muehlberg et al., 2003a,b, 2005; Muehlberg, 2007; 

Verosub et al., 2004) 

¶ submarine geology using a remotely operated vehicle (ROV) 

¶ Prototahoe deposits (Schweickert et al., 2005; Lopez et al., 2004) 

¶ boulder ridges (Moore et al., 2005, 2006). 

¶ basalt geochemistry & geochronology (Kortemeier et al., 2007a, 2009a) 

¶ basalt volcanology (Kortemeier and Schweickert, 2007a,b; Kortemeier et al, 

2005, 2009b) 

¶ proto-Tahoe Lake levels (Howle, 2000; Kortemeier et al., 2009b) 

¶ beheaded Sierran river drainages (Schweickert, 2009) 

¶ lidar analysis of the TSFFZ (Howle et al., 2011, in prep.) 
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Background 

 

 Lake Tahoe occupies a graben between the Sierra Nevada on the west and the 

Carson Range on the east (Figs. 1, 2).  The fault origin of the basin was first recognized 

in the late 19
th
 century (LeConte, 1875; Lindgren, 1897).  The history of the basin 

involves a remarkable series of events including repeated damming of its outlet by 

volcanic eruptions, and glacial ice dams during Pleistocene time, active faulting, and 

catastrophic collapse events. 

 

Beheaded Sierran drainages (Fig. 3a,b) 

 

 Evidence also exists that the Sierra Nevada Range formerly included the Carson 

Range and areas to the east in its crestal region. The Lake Tahoe basin formed after ~3 

Ma by encroachment of normal faults into the Sierra Nevada region, causing several 

Sierran west-flowing canyons to be beheaded (Fig. 3a; Schweickert, 2009), and isolating 

the Carson Range block east of the Lake Tahoe basin. Remnants of the west-flowing 

drainages occur in the Carson Range, as shown in Figure 3a. 

 
Figure 3. Shaded relief maps of the Lake Tahoe region (from Schweickert, 2009) 

showing A) interpretations  of ancestral west - flowing drainages prior to beheading by 

normal faults that developed the Lake Tahoe basin.  Ancestral drainages: Yuba -

orange dashed lines; Rubicon -blue dashed lines; South Fork American -green dashed 

lines. Red dots - sites where drainages h ave been beheaded; B) modern streams of 

area (blue) and Late Wisconsin glaciers (white outlines) east of Sierra Crest (those 

on eastern slope of Sierra were fed from an ice cap (not shown) along the range 

crest). Brown -PlioïPleistocene basaltic rocks that postdate inception of Lake Tahoe 

basin; gray -5.5 ï3Ma andesite flows that predate the Lake Tahoe basin.  

---------------------------- 

A B 
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 Basalts were erupted along the northwest edge of a proto-Lake Tahoe 

(ñPrototahoeò) from about 2.5-2 Ma, following initial normal faulting. At the steep, 

faulted escarpment along the east edge of the truncated Sierra block, east-flowing rivers 

were established, and these valleys were intensively glaciated, with several glaciers 

entering Lake Tahoe (Fig. 3b). 

 
Rocks of the Lake Tahoe region include (Fig. 4): 

 

 Basement rocks:  Triassic and Jurassic metamorphic rocks (shown in green in 

Figure 4) are exposed in small pendants within Jurassic to Cretaceous granitic rocks.  The 

 
Figure 4. Simplified geology of the Lake Tahoe region;  faults omitted.  

---------------------------- 

metamorphic rocks occur in the headwaters of Blackwood and Ward creeks west of the 

lake, in the Mt. Tallac area southwest of the lake, and in the central parts of the Carson 

Range.   

 

 Except for some Middle Jurassic (164+7 Ma) plutons southwest of Mt. Tallac 

(Sabine, 1992), granitic rocks (pink unit in Figure 4) are all considered to be part of the 

Late Jurassic-Cretaceous Sierra Nevada batholith, which extends from northwestern 

Nevada to southern California. 

 

 Pre-Miocene gravels:  Along the summit of the Carson Range north of Marlette 

Lake, bouldery gravels consisting entirely of Mesozoic cobbles and boulders crop out 
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locally (Grose, 1985; Schweickert et al., 2000b; our unpublished mapping).  These 

gravels probably are Eocene in age, as they are overlain by Miocene volcanic rocks and 

are similar to Eocene auriferous gravels of the western slope of the Sierra Nevada. 

 

 Miocene volcanic rocks (pale orange units, Figure 4):  Some Lower Miocene 

rhyolitic ash-flow tuffs occur locally, especially in the Carson Range east of Lake Tahoe, 

and north of Marlette Lake (Grose, 1985).  A thick section of andesitic rocks occurs 

along the northwest and west parts of the lake and forms thin, discontinuous cappings on 

the high peaks west of the lake and in parts of the Carson Range; these are mainly 

andesitic mudflow breccias and andesite flows (Saucedo and Wagner, 1992; Saucedo, 

2005).  On the west side of the lake, andesitic lavas as young as about 3 Ma overlie the 

older mudflows (Figs. 3b, 20; D. S. Harwood, in Saucedo and Wagner, 1992; Sylvester et 

al., 2007; A.G. Sylvester in Cousens et al., 2008). 

 

 Pliocene to Pleistocene volcanic rocks (bright orange units, Figure 4):  These 

include latites and basalts in the following areas:  Tahoe City:  0.92 and 2.0+ 0.1 Ma; 

Carnelian Bay:  2.3 and 2.53 Ma; Truckee River canyon near Hirschdale:  1.3+ 0.1 Ma; 

Donner Pass:  2.6-7.4 Ma; Boca Ridge, near Floriston:  2.8 Ma; Steamboat Hills south of 

Reno:  1.1 and 2.5 Ma (Dalrymple, 1964; Latham, 1985; Silberman et al., 1979; Sylvester 

et al., 2007; Cousens et al., 2008; Kortemeier et al., 2009a). The discovery of < 1 Ma 

volcanism (Kortemeier et al., 2009a) indicates that the volcanic systems at north Tahoe 

must be considered potentially active. Microearthquake swarms in 2003 and rapid crustal 

movements have been interpreted to indicate movement of magma at depth beneath the 

Carnelian Bay area (Smith et al., 2004; vonSeggern et al., 2008). 

 

 Pleistocene glacial deposits include: 

 Hobart till:  Deeply weathered; not recognized in the Tahoe basin; since it crops 

out along the Truckee River, the streams probably had cut down to near their present 

level prior to this glaciation (Birkeland, 1964, 1966). 

 Donner Lake till:  Possibly present in some places in the Tahoe basin; this has lost 

all morainal topography; it is more deeply weathered with more clay than Tahoe and 

Tioga tills (Birkeland, 1964, 1966). 

 Tahoe till: Oldest till with well-preserved moraine morphology; no B horizon, no 

increase in clay with depth (Birkeland, 1964, 1966; McCaughey, 2000, 2003).  Tahoe 

glaciers were larger and longer than younger ones. 

 Tioga till:  Very fresh, lies upvalley and downslope of Tahoe deposits; moraines 

are sharp-crested, and have a higher frequency of boulders, and fresh boulders 

(Birkeland, 1964; McCaughey, 2000, 2003). 

 Frog Lake:  Elevation 2,240-2,400 m (7,400 ft-7,900 ft), fresh boulders. 

 Neoglacial:  Elevation 2,540 m (8,400 ft), subsequent to altithermal; these glacial 

deposits are not firmly dated.   

 

 Approximate ages of glacial advances:   

  Hobart- ~820 ka, if correlative with Sherwin glaciation (Clark et al., 

2003); 

  Donner Lake-->131 ka (Yount and LaPointe, 1997) 
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  Tahoe maximum ~70 ka (68.8+7.4 ka; Howle et al. 2005b, 2011, in prep.) 

  Tioga maximum ~21 ka (20.7+2.1 ka; Howle et al. 2005b, 2011, in prep.) 

 

Pleistocene and Holocene Lake Levels 

 

 Several highstands and lowstands of Lake Tahoe during Pleistocene and Holocene 

times have occurred. Evidence includes transitions between basaltic pillow lava and 

columnar flows, heights of ice and moraine dams in the Truckee River canyon, shoreline 

terraces both above and below lake level, submerged Tahoe and Tioga moraines, and 

submerged forests (e.g., Lindstrom, 1990). Some of this evidence will be summarized at 

various stops on the trip.  

 

FIELD TRIP ROAD LOG  

     

MILE 

 

0.0ðNorthstar; leave at 8:30AM. 

 

 Leave Northstar and proceed southwest on State Route 267, over Brockway 

Summit and downgrade to Kings Beach. At the light in Kings Beach, turn right on State 

Route 28. Turn left immediately into parling lot of Kings Beach public beach. 

 

9.0ðSTOP 1. KINGS BEACHðpublic beachðoverview of Lake Tahoe basin (Fig. 

1)--8:45 AM--30 minutes   

 

 Lake Tahoe is about  35 km long by 19 km wide (22 miles by 12 miles; Fig. 5).  

Present lake level has a maximum elevation of 1,887 m (6,229 ft) above sea level.  Most 

of the floor of the lake lies at or below 450 meters (1480 ft) deep (Fig. 5), which is about 

the same elevation as Carson Valley, 1,424 m (4,700 ft) above sea level.  The deepest 

part of the lake is 497 m (1,636 ft) deep, or 1,390 m (4,590 ft) above sea level (Gardner et 

al., 1998, 1999). 

 

 The Carson Range to the east of us reaches elevations of 2,667-3,297 m (8,800-

10,880 feet) and is mainly made up of granitic rocks with a very sparse capping of 

Tertiary volcanic rocks.  Granite in the Carson Range is generally considered to be about 

80-90 million years old.  Small pendants of Jurassic(?) metavolcanic rocks cross the 

Carson Range near Snow Valley Peak (el. 2,790 m; 9,214 ft) and Genoa Peak (el. 2,772 

m; 9,150 ft) (Figures 4, 6). Marlette Peak, 2,660 m (8,780 ft), is underlain by Lenihan 

Canyon tuff (~ 25 Ma; Grose, 1985). The rhyolitic ash-flow tuffs rest on an older 

conglomerate which consists of angular and rounded pebbles and boulders of pre-Tertiary 

metavolcanic rocks and mafic plutonic rocks (total thickness < 100 m)(Grose, 1986; 

Schweickert and Lahren, unpublished data).  As noted by Schweickert et al. (2000b) and 

Garside et al. (2005), both these units are preserved within an east-northeast-trending 

paleovalley cut in granite north of Marlette Lake.  The paleovalley has a minimum of 150 

m (500 ft) of relief and may have been a tributary of the ancestral Yuba River which now 

lies to the northwest of Lake Tahoe. In 2000, we reported that in several fault blocks, the 
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tuff dips moderately to steeply west (38-55
0
), which, together with other data, suggests 

that the Carson Range is a west-tilted fault block. Freel Peak, elevation 3,297 m (10,881 

ft), the highest peak of the Tahoe area, is to the south of us, beyond the Heavenly Valley 

ski resort. The Carson Range is interpreted to have had greater summit elevations and to 

have been part of the Sierra Nevada block prior to formation of the Lake Tahoe basin 

(Fig. 3a; Schweickert, 2009). 

 

 The Sierra Nevada crest west of Lake Tahoe (Figs. 4, 6) lies at  2,545-2,667 m 

(8,400-8,800 ft) for most of its length, and southwest of the lake, locally reaches 

elevations near 2,970 m (9,800 ft) (Mt. Tallac and Jacks and Dicks peaks).  Granitic 

rocks comprise most of the higher peaks to the southwest, and Miocene and Pliocene 

volcanic rocks cap the granitic rocks to the west of the lake.  

 

 Three main zones of active faults have been identified within the Lake Tahoe 

basin (Fig. 5; Schweickert et al., 2000a,b, 2004).  These are: 

1) Tahoe-Sierra frontal fault zone. Strands of the northwest-trending TSFFZ are on 

land to the west, and cut glacial moraines along the west side of the lake.  Other, more 

westerly strands of the Tahoe-Sierra frontal fault zone extend northwestward across 

Blackwood and Ward canyons through Alpine Meadows and Squaw Valley northwest of 

the lake.  These faults show evidence of east-side-down normal and oblique-slip 

displacements. Howle et al. (2011, in prep.), utilizing new bare-earth lidar coverage, have 

developed extensive new slip rate data from over 20 sites along this fault zone. 

 

 2) West Tahoe-Dollar Point fault zone. East-side-down normal faults of the 

West Tahoe-Dollar Point fault zone are widespread along the west side of the lake (Fig. 

5) (Hyne et al., 1972; Lahren et al., 1999; Schweickert et al., 1999a, 2000a,b, 2004).  The 

principal submerged strand (Fig. 5) runs south from Dollar Point to the south end of the 

lake, and extends south near the mouth of Emerald Bay.  At Rubicon Point, on the 

southwestern shore, peaks nearby are at about 2,790 m (9,200 ft) in elevation and about 5 

km (3 miles) east, the lake bottom is at 1,454 m (4,800 ft) elevation, suggesting a 

minimum of 1,333 m (4,400 ft) of dip-slip displacement has occurred on several strands 

of the West Tahoe-Dollar Point fault zone.  The northwestern continuation of the 

submerged part of the West Tahoe-Dollar Point fault zone continues northerly through 

Carnelian Bay and then northward on land through the Northstar Ski Area, toward 

Truckee (Fig. 5).  The fault was trenched a few km north of Dollar Point in 2002, and 

evidence for 2 Holocene events has been obtained (Schweickert, Lahren, Howle unpub 

data). The lengths of these fault zones and scarp heights suggest that M7 events are 

possible on these fault zones (Lahren et al., 1999; Schweickert et al., 1999a,b; 2004). 

 

 3) North Tahoe-Incline Village fault zone. The North Tahoe fault strikes about 

N45
o
E and dips to the southeast (Figure 5) (Lahren et al., 1999; Schweickert et al., 1999a, 

2000b; 2004; Dingler et al., 2009).  It may intersect the West Tahoe fault south of Dollar 

Point, but a continuous scarp does not occur in the bathymetry in that area.  The North 

Tahoe fault has prominent young scarps in lake bottom sediments (Hyne et al., 1972; 

Schweickert et al., 2000b; Kent et al., 2005; Schweickert and Lahren, 2006; Dingler et 
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al., 2009) and continues northeast past Stateline Point, where it makes a steep submerged 

escarpment in granitic bedrock, and through Crystal Bay (Lewis, 1988).  Several related  

 
Figure 5. Generalized map of active faults in Lake Tahoe basin (from Schweickert et 

al., 2004), plotted on shaded relief and digital bathymetry of Gardner et al. (1998).  

7.5ô quadrangles are labeled.  Faults:  red=active, black=age relation unknown. 

Abbreviations: AL=Angora Lakes, AM=Alpine Meadows, BC=Blackwood Canyon, 

CL=Cascade Lake, DP=Donner Pass, EP=Ellis Peak, FLL=Fallen Leaf Lake, G=Genoa, 

GB=Glenbrook, GC=General Creek, H=Homewood, IP=Inclin e Peak, IV=Incline 
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Village, KB=Kings Beach, MB=Meeks Bay, MC=Meeks Creek, QL=Quail Lake, 

RP=Rubicon Point, SLT=South Lake Tahoe, T=Truckee, TC=Tahoe City, SP=Stateline 

Point, SV=Squaw Valley, WC=Ward Creek.  Scarp heights in meters are shown in 

bold white numerals.  

---------------------------- 

subparallel faults, including the Incline Village fault, have been mapped through Incline 

Village (Grose, 1986; Schweickert et al., 2000a). The North Tahoe-Incline Village fault 

zone has also been mapped in detail northeastward through Incline Lake and Tahoe 

Meadows and past Mt. Rose Pass (Lewis, 1988; Lahren et al., 1999; Schweickert et al., 

1999a, 2000a, b, in prep.).  Several prominent scarps are accessible in Incline Village, 

along the Incline Village and Golf Course fault strands. This zone, too, is considered 

capable of M7 events (Lahren et al., 1999; Schweickert et al., 1999a,b, 2000a,b). 

 

 Ichinose et al. (2000) modelled tsunamis generated by M7 earthquakes along the 

West Tahoe-Dollar Point and North Tahoe-Incline Village fault zones. That analysis 

showed that waves exceeding 10 m in height could be expected in certain areas around 

the lake. 

 

 The eastern sidewall of the lake is highly irregular and no continuous scarps are 

present.  Northeast-striking faults in the Carson Range obliquely intersect the eastern 

sidewall.  However, we do not rule out the possibility that an inactive, west-dipping fault 

occurs in places near the eastern sidewall. 

 

 Our mapping, geophysical data, the westward tilt of Tertiary volcanic rocks of the 

Carson Range, apatite fission-track data (Surpless et al., 2002), and the geometry of faults 

within the range, all indicate that the Carson Range is a west-tilted block cut by a system 

of northeast and north-striking, and southeast to east-dipping normal faults. This implies 

that the Lake Tahoe basin is an asymmetric half-graben (Fig. 6) (Lahren and 

Schweickert, 1995; Lahren et al., 1999; Schweickert et al., 1999a; 2000a,b; 2004). 

 
Figure 6. Schematic cross -section across the central part of Lake Tahoe (Schweickert 

et al., 2000b). The TSFFZ is represented schematically by the westernmost fault 

shown. Prototahoe lake sediments are in orange on the west edge of the lake and 

inferred at depth beneath the lake.  

---------------------------- 
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 The timing of faulting postdates flatlying to gently dipping andesitic lava flows of 

the Sierra Nevada block that nonconformably overlie Mesozoic granitic rocks at the head 

of Blackwood Canyon and other areas (Fig. 20).  The youngest of these units has been 

dated at about 3.0 Ma (Harwood, in Saucedo and Wagner, 1992). These flows were 

incised by deep, west-flowing Sierran canyons, which were subsequently beheaded (Fig. 

3a, b). This indicates that the major displacement on the TSFFZ and the West Tahoe-

Dollar Point fault zone and related faults is younger than about 2.5 Ma (Schweickert, 

2009).   

 

 In addition, faults of the North Tahoe-Incline Village and West Tahoe-Dollar 

Point fault zones have smaller displacements where they cut 2.0-2.3 Ma basalts around 

the northern parts of the lake (Figures 5, 15; Kortemeier et al., 2009a,b).  This indicates a 

period of normal faulting occurred between about 2.5 and 2.0 Ma, and that a second, 

post-2.0 Ma episode of faulting has occurred to form the modern basin.  

 

 From here to our 2
nd

 stop is a 15 min drive westward along Highway 28, through 

Tahoe Vista and Carnelian Bay past Dollar Point toward Lake Forest. From Carnelian 

Bay to Dollar Point we follow the trace of the West Tahoe-Dollar Point fault zone (see 

Figure 5). 

 
Figure  7. Sketchmap of area from Dollar Point to Tahoe City (Kortemeier and 

Schweickert, unpub. mapping), showing Stops 2, 3, 4, and 5 (Skylandia Beach, 

Rocky Ridge, Commons Beach, and Fanny Bridge, respectively).  

---------------------------- 
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 Turn left on Lake Forest Drive, and continue 0.4 mile south, parking near Aspen 

Street. Walk down to Skylandia Beach. 

 

17.0--STOP 2. SKYLANDIA BEACH --basaltic volcanic rocks and Prototahoe lake 

depositsð9:30AMð45 min (Figs. 7, 8). 

 

 The following description is modified from Kortemeier et al. (2005): 

 

 A 150 m-thick section of basaltic lapilli tuff and pillow lava exposed along 750 m 

of cliffs and shoreline at Skylandia Beach (Fig. 7) represents a nearshore vent and 

possibly part of a subaerial tuff cone. These rocks developed near the edge of Prototahoe, 

and record much lower lake levels than volcanic rocks at Rocky Ridge (Stop 3). The tuffs 

show 1 to 40 cm-thick beds that generally dip 15
o
-35

o
 south toward the lake (Fig. 8). The 

tuff consists of ash-coated vesicular lapilli and sparse bombs up to 75 cm in length. Some 

bombs exhibit cauliflower and fluid shapes and have radial joints, indicating they were 

hot when deposited, and some have formed sag structures in the tuff. These tuffs extend 

over a kilometer offshore, and overlie diatomaceous lake sediments (Fig. 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Photo of south -dipping lapilli tuffs at west end of Skylandia Beach.  

---------------------------------- 

 Near the east end of the beach, basaltic tuffs both overlie and intrude Pliocene 

fine-grained, diatomaceous lake sediments along a gently to steeply dipping contact. In a 

complex, 24-m-wide zone at the contact, tuff beds are vertical and are intruded by a 14-

m-wide body of brecciated, vesicular pillow lava. The pillow lava also intrudes the lake 

beds, and the lake beds are highly disturbed in a 12-m-wide zone near the contact.  

 

  The complex zone of vertically-dipping basaltic tuff and pillow lava may 

represent a small vent developed near lake level along a north-striking normal fault which 

down-dropped sediments to the west and formed a depression in which tuffs were 

deposited and preserved. Tuffs are not exposed east of this proposed fault. Lavas intruded 

into the vent formed pillows from interaction with shallow ground water or with a 

standing body of water. 



 13 

 

 A second possible scenario is that basaltic lava flowed into the lake and ensuing 

steam explosions generated surges that deposited lapilli and bombs in a series of littoral 

cones and ramparts. In one place, lava flowed into wet tuffs and diatomaceous sediments 

so that explosions were inhibited and pillow lava formed.  

 

 From here, continue west on Lake Forest Drive to Highway 28. Turn left (west) 

on Highway 28, and drive about 0.5 mile to the Rocky Ridge turnoff (five minute drive). 

Park and walk up the road. 

 

18.0ðSTOP 3. ROCKY RIDGEð2 Ma basalts and lake level features--10:20AMð

45 min (Fig. 7). 

 

 At this important locality, outcrops of basaltic pillow lavas and pillow breccias 

(PLPB) are directly overlain by cliff-forming, columnar jointed basalt with columns up to 

2 m diameter (Kortemeier and Schweickert, 2007b). Glassy margins occur rarely on 

columns. The pillows exhibit both rounded and elongate pillow forms, glassy 

palagonitized margins, and radial cooling joints. Pillows range in size from 0.5 m to >2 

m. Pillow breccia is distinguished by a palagonitized hyaloclastite matrix enclosing 

isolated and/or broken pillows. The PLPB here unconformably overlies massive 

porphyritic andesite. PLPB indicate passive eruption or flow of lava into an ancestral 

Lake Tahoe, and here record a former ~ 2 Ma lake level of about 6800 feet. Columnar 

jointed basalt indicates the eruptions were subaerial. The rare glassy margins along 

columnar joints may have resulted from upward streaming of volatiles from the cooling 

subaqueous pillows below. Other evidence for this ~ 2 Ma Prototahoe lake-level 

highstand will be discussed here. 

 

 From here, drive west on Highway 28, through Tahoe City, to the turnoff to 

Commons Beach (about 10 minutes in traffic). Turn left and park in lot. 

  

19.0--STOP 4. COMMONS BEACHðbasaltic tuff and Tahoe City shelfð

11:15AMð45 min (Fig. 7).  

 

 Lunch and discussion of geology of Commons Beach tuff, Commons Beach fault, 

Tahoe City shelf, boulder megaripples, etc. Bus 2 returns to hotelð19 miles. 

 

 The Commons Beach tuff is interpreted to be equivalent to the 2 Ma tuff at Tahoe 

City quarry (Kortemeier et al., unpub. data), about 1 mile west of here. It contains lapilli 

and sparse bombs of glassy basalt in a tuffaceous matrix. Chemically, it is an alkali 

basalt. The Commons Beach tuff overlies diatomaceous sediments on the shelf which 

have diatoms suggestive of a >2 Ma age (Moore et al., 2006). 
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Figure 9. View N50W at scarp on Commons Beach fault.  

---------------------------- 

 The Commons Beach fault (Figs. 9, 10, 15) forms a 14.5-m-high scarp along the 

northwest side of Commons Beach. This scarp continues westward past the fire station, 

where it crosses State Route 28 in Tahoe City, and then proceeds past the golf course and  

 
Figur e 10. Topographic profile of scarp in Figure 9, and plot of soil gas 

measurements along that profile  (McCarthy et al., 2001; unpub. data).  

--------------------------- 

behind the Save Mart store (Fig. 15). A marshy depression occurs at the base of a 10-m-

high scarp along this fault west of the Save Mart. The prominent morphology of the scarp 

and youthful sagponds suggests it is a Holocene feature. A soil gas profile (McCarthy et 

al., 2001) across this fault at Commons Beach (Fig. 10) shows a very large positive CO2 
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anomaly (seven times atmospheric CO2), signifying emissions of CO2 from depth along 

the fault. This result is indicative of faults throughout the world (McCarthy et al., 2001). 

 
Figure 11. Shaded relief map of Lake Tahoe emphasizing the relation o f the Tahoe 

City shelf (TCS) to the McKinney Bay landslide (from Moore et al., 2006). BC -

Blackwood Canyon, DP -Dollar Point, GC -General Creek, MC -Meeks Creek, TR -Truckee 

River outlet, and WC - Ward Creek.  

--------------------------- 

 The Tahoe City shelf is a prominent, shallow, relatively smooth platform 

extending about 4 km (2.4 mi) east from Tahoe City, and is underlain by >2 Ma 

lacustrine sediments. This shelf area is bordered to the south by the large amphitheatre of 

McKinney Bay (Fig. 11). Moore et al. (2005, 2006) reported ROV studies on the shelf in 

which remarkable boulder ridges were discovered (Figs. 12a, b, c) resting upon the 

smooth surface of the shelf. About a dozen ridges trend E-W, are spaced 100-200 m apart 

(Fig. 12a, b, c), and consist of loose boulders of andesite and basalt. The ridges are 2-3 m 

in height and have smooth, even, continuous crests (Figs. 13, 14). Moore et al. (2006) 

interpreted these ridges as giant megaripples probably reflecting the oscillations of very 
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large waves or tsunamis. They concluded that the collapse of McKinney Bay generated 

very large tsunamis that swept north across the Tahoe City shelf, producing the boulder 

megaripples. These boulder megaripples are the first to have been described from any 

lake, and are analogous to megaripples in the channeled scablands of eastern Washington 

(Moore et al., 2006). 

 
 

                         
Figure 12. Bathymetry of the Tahoe City shelf showing east - trending, subparallel 

boulder ridges (from Moore et al., 2006).  Dollar Po int fault scarp is to east and 

McKinney Bay amphitheatre is to south. A. Dotted lines are track lines of the ROV 

Triton, dashed lines are bathymetric profiles (C.), and Xôs are scuba dive sites. B. red 

lines - ridge crests; green lines - fault scarps. C. N -S p rofiles across the boulder ridges.  

 

A B 

C 



 17 

Figure 13. Photo of smooth, flat surface of shelf carved in diatomaceous lake 

sediments (ROV Dive 10, heading 240 degrees azimuth, depth 30 feet). 0.5 m 

boulder of andesite and smaller cobbles on left rest upon the surf ace.  

 
Figure 14. Photo of north flank of boulder ridge (ROV Dive 10, heading 170 degrees 

azimuth, depth 28 feet). Ridge is ~ 2m high, and large volcanic boulder at center 

right is estimated to be ~0.5 m across.  

 
Figure 15. Sketchmap of Tahoe City area, s howing Stops 4 and 5, and optional stop 

at Tahoe City quarry. Mapping by Schweickert and Lahren (unpub. data). Faults are 

shown by red lines. The Commons Beach fault (Stop 3) crosses State Route 28 just 

north of Fanny Bridge.  


