
1 
 

 
DAY 02 

 
Zzyzx – Hector Mine – Waterloo Mile (Calico)-Boron Mine -Golden Queen Gold Mine 

Gregg Wilkerson and Larry Vredenburgh 
February 6, 2023 

 
Overview 

 
We start from Zzyzzx than take Interstate 15 West through the Soda, Cronese and Alvored Mountains  ro 
the Mojave Valley and Pluvial Lake Manix. At the Harvard Hills we take side roads south to Newberry 
Springs and then take the I-40 frontage road to the Hector Mine. There we go to an overlook and get a 
presentation about the hectorite mining occurring there and also about the solution mining operation 
adjacent to it. Then we get on I-40 and head west to the Waterloo Mill on the east side of Barstow. 
There we will learn about the geology and mining history of the Calico district. Continuing west on I-40 
we will arrive at the Boron Mine operated by Rio Tinto. We will go to the Visitor’s Center and get a 
presentation about the mining and beneficiation practices at this mine. Then we return to I-40 and 
proceed west to the town of Mojave, thence south of I-14 to the Golden Queen Mine in the Mojave 
Mining District     
 
Mile Next 
0.0 (7.9.) Zzyzzx  Parking Lot 
 
7.9 (0.0) Interchange, Interstate I-15 and Zzyzzx Road.  
 
0.0 (2.9) Reset Odometer. Go east toward Barstow.  
 
To the north, west and south are the Soda Mountains. A Pink Lady Prospect is 0.5 miles to the north. A 
map of the northeast part of the Soda Mountains was made by Grose (1959). A discussion of 
stratigraphy and orogenesis is found in Walker and others (1989). To the south is Cretaceous-Jurassic 
granite (KJg) (Miller and others, 2007) 
 

 
 
To the north are Tertiary gravels (Miller and others, 2007). 
 

 
 
To the west is Mesozoic granite (Jennings and others1962). 
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At the southeastern tip of the Soda Mountains on the north side of Interstate I-15 is a block of Jurassic-
Triassic volcnics  (JTrv) (Jennings and others1962). 
 

 
 
Bishop (2003) noted these relationships between the Soda Mountains and the Avawatz Mountains: 
 
The Soda and Avawatz Mountains in the northeastern Mojave Desert (Fig. 1) expose structurally complex 
and multiply-deformed Precambrian to Tertiary rocks. Because of the complex and protracted 
deformation that has affected this area, the geologic history of the area is not wellunderstood. The 
western part of the Soda and Avawatz Mountains exposes Triassic and Jurassic metamorphosed volcanic 
and volcaniclastic strata intruded by younger Mesozoic plutons. Within the Soda Mountains, these rocks 
are structurally intermingled with smaller fault blocks of Paleozoic miogeoclinal carbonates (Grose, 1959; 
Walker and Wardlaw, 1989) (Fig. 2). An important controversy regarding the geology of the Soda 
Mountains is the nature of the structural relationship between the miogeoclinal carbonates and the 
lower Mesozoic metavolcanic rocks. According to Grose (1959), the carbonate blocks throughout the 
area rest on top of the metavolcanic rocks along a regional-scale, low-angle fault Miocene landslides 
within Avawatz Basin support hypothesis of a Paleozoic allochthon above Mesozoic metavolcanic rocks 
in the Soda and Avawatz Mountains, southeastern California Kim M. Bishop, Department of Geological 
Sciences, California State University, Los Angeles of Mesozoic age. However, another hypothesis, 
espoused by Walker and Wardlaw (1989), suggests that the carbonate blocks have been uplifted from 
beneath the metavolcanic rocks. The purpose of this paper is to present evidence found in Miocene 
landslide deposits supporting Grose’s (1959) hypothesis for a regional-scale allochthon.  
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Figure 1. Location map. From Bishop, 2003, p. 42 
 
Bishop, Kim M., 2003, Miocene landslides within Avawatz Basin supporthypothesis of a Paleozoic 
allochthon above Mesozoic metavolcanic rocks in the Soda and Avawatz Mountains, southeastern 
California, Desert Symposium 2003 Proceedings, p. 42. 
 
Mile Next 
2.9 (2.6) Granite to the right (northwest) and left( southeast). 
 
5.5 (0.5) Rhyolite near roadway (Tvr) with andesite on the hillcrests (Tva) 
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Mile Next 
6.0 (2.1) Razor Road. Here we cross a contact with volcanics to the northeast 
 
8.1 (1.7) Desert Minerals, Dunn Mill on the left (south). 
 
9.8 (.8) Basin Road Exit. Get off the freeway, then turn left and go south on Basin Road. The  
  Cave Mountains are to the southwest underlain by granite or quartz monzonite (gqm) 
 

 
 
16.6 (x.x) Cross from Quaternary alluvium to Paleozoic schist (ms). The Cave Mountain Group 
Mines are to the 1.6 miles to the north-northwest. These were uranium prospects (MRDS, 2011, No. 
10115578. 
 

 
 
17.3 Baxter Mine 
 
BAXTER-CAVE CANYON MINES 
 
This mine is on private land owned by Cal Portland Cement Company. Get their permission before going 
on their property. 
 
The Baxter Mine area is described by Lamy (1948), Southern Pacific Company (1964) and Brown and 
Monroe (2000). 
 
Today there is  a iron deposit (Baxter) and a limestone deposit (Cave Mountain). The name Cave Canyon 
used to apply to the iron deposit. 
 
The Cave Canyon (Baxter and Bellardie, Evening Star, White Marble) deposit is described in Cloudman 
(1919, 872-876 ), Logan (1947:281), Tucker (1930: 308); Tucker and  Sampson (1931:383), Tucker and 
Sampson (1943: 516), Collier and Danehy, 1958) and Wilkerson, 2015) 
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Rocks exposed in the general area include those of Paleozoic, Mesozoic and Cenozoic age. Paleozoic 
rocks in the region are inner miogeosynclinal shallow water sediments and include Late Precambrian and 
Cambrian clastic dominated sequences, Cambrian and Devonian dolomites and Upper Paleozoic 
limestone-dominated formations. During early and middle Mesozoic time sedimentary and volcanic rocks 
were deposited, and during middle Mesozoic time. The region underwent intense deformation including 
folding., thrust faulting , and metamorphism, and was intruded by a variety of plutonic rocks. Uplift. 
erosion and volcanism were dominant processes during Cenozoic time. The region continues to be 
seismically active (Brown and Monroe, 2000). 
 
 
The mine area is dominated by a metamorphic complex with limestone members and a sedimentary 
equivalent to part of the Newberry Formation (Qh). 
 

 
 

 
 
The major exposed rock units that are associated with the iron-ore deposits include: (1) a metamorphic 
group consisting of granitic, gneissic, and somewhat schistose rocks, including some meta-quartzite; (2) 
acid and basic intrusives, dominantly granite, pegmatite, aplite, and diorite porphyry; (3) crystalline 
limestone or dolomite; ( 4) a sandstone-fanglomerate formation; and (5) alluvium. Roughly. with the 
exception of the intrusives and the alluvium, these units occur in zones trend-ng northeast (Pl. VIII). The 
limestone forms a conspicuous ridge extending westward for about half a mile along the southern part of 
the area. The principal mass of iron ore makes a lov ridge flanked to the north by gneissic rocks and to 
the south by the sandstone-fanglomerate (Lamey, 1948, p. 74) 
 
The ore is black to red, and is composed chiefly of magnetite and hematite, with some limonite. Some 
brecciated ore masses contain large quantities of gypsum and very minor amounts of malachite and 
chrysocolla. In surface exposures the ore appears to be relatively firm, but in adits, trenches, and pits 
most of it is seen to be shattered. The orebodies are steeply inclined lenticular masses associated with 
gneissic and quartzitic rock, and limestone. Estimates indicate that the amount of waste rock occurring 
as scattered masses throughout the ore zone ranges from 25 to 50 percent or more (Lamey, 1948, p. 77) 
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In this area the iron appears to have selectively replaced the metamorphic rocks along zones parallel to 
the general trend of the. country rock, e.g., N 15° E. There has been post-mineral movement along the 
major shear zone as the ore is brecciated and faulted (Collier and Danehy, 1958). 
 
Acidic and porphyritic dikes appear to have intruded; along shear zones. The mineralization continues to 
the southwest along the strike of the shear zone into Southern Pacific Company-owned Section 11 where 
several small mineralized areas are mined. The mineralization in this area is near the end of the 
"exposed" mineralized iron outcroppings The shear zone continues on to the northwest and is in part of 
the Cave Canyon fault system. Farther to the west, along the general trend hydrothermal altered. zones 
and a few gold prospects were observed (Collier and Danehy, 1958). 
 
Iron mineralization occurs as irregular replacement bodies along shear zones where the physical-
chemical environments of the pre-Tertiary host rocks are favorable. The host rock may be igneous. 
metamorphic or limestone. In the Cave Canyon area the larger deposits are more closely associated with 
the metamorphic-igneous complex. But this is largely due to structural features (Collier and Danehy, 
1958). 
 
The Cave Mountain iron deposits are mined from the Baxter open pit mine which has been intermittently 
active from the 1930’s to the present. The following three main stratigraphic units are identified in the 
area of the mine: 1) Mesozoic diorite, 2) Miocene fluvial and landslide deposits, and 3) Quaternary 
alluvial and colluvial cover. Miocene landslide deposits are intercalated with the fluvial units and are 
classified as rock avalanches. The Miocene fluvial and landslide sequence has been tectonically tilted 
southward and presently dips southward between 30 and 60 degrees. At least three landslides are 
present and consist of the following lithologies: Mesozoic intrusive rock, Mesozoic quartzite and 
metavolcanic rock, and upper Paleozoic limestone. The iron ore mineralization occurs in the 
stratigraphically lowest of 3 landslides and is hosted by metamorphosed porphyritic volcanic rocks. The 
geologic setting of the Cave Mountain iron deposits has similarities to iron deposits in the southern 
Avawatz Mountains 40 km to the north. Of particular note is that the iron deposits at both locations 
occur within Miocene rock avalanche deposits (Bishop, 2013).. 
 
The salient feature of the Cave Canyon-Baxter iron deposit is that it is a jumbled up mess. A fault runs 
through the mine area and complicates structural interpretation. This is probably an ancient rock 
avalanche deposit that was later faulted and to which hydrothermal iron-rich fluids interacted to form 
the orebody  
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Figure 2. Baxter iron mine, 2009. Photo by Gregg Wilkerson 

 
Figure 3. Baxter Iron mine showing block of ore within carbonate. 
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Figure 4. Railroad loading shoots, Cave Canyon limestone mine. Photo by Gregg Wilkerson, 2009. 
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Return to the Basin exit overpass at Interstate 1-15 
Mile Next 
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0.0   (1.7) Reset odometer, go west toward Barstow. Proceeding west on Interstate I-15. We travel  
atop a major east-west trending Cave Mountain fault zone the southern boundary of which forms the 
northwestern flank of the Cave Mountains.   
 
1.7 (3.9) Cronese Mud Mine (Site). This occurrence has bentonite (MRDS, 2011, No. 10023734)  
and montmorillonite (Rapp and Vredenburgh, 1992).  East Cronese Dry Lake is 2.8 miles to the north. 
 
Miller and others (2018) observed: 
 
East Cronese Lake, a dry playa most of the time, lies on our right (north). It has interesting hydrology and 
archeology. It is about 35 m 105 ft) higher in elevation than Soda Lake, yet receives flow from the 
Mojave River, which can arc widely downstream of Afton Canyon. East Cronese may have deposited lake 
sediment if the broad clastic wedge below Afton Canyon was built above the level of the playa while 
perennial lakes were still being formed. This hypothesis is supported by cores acquired by Steve Wells 
and others, who provided unpublished material on lake sediments in the cores taken from East Cronese 
Lake showing they overlapped ages for the youngest lake sediment in Silver Lake. East Cronese Lake 
receives water from Mojave River flow, whereas its sibling West Cronese Lake that is out of view to the 
north, receives flow from a major stream leading from the Bitter Spring area of Fort Irwin, well to the 
north. Shallow water in these playas is well known by 4WD travelers; many months of the year they can 
be driven on with extreme caution. In the recent past, travelers used resources of Cronese Lake as they 
passed, leaving scattered piles of shells and charcoal. Shorelines associated with those middens and 
dating of the Anodonta shells and charcoal have shown that paleoIndians used the site (Schneider, 1994; 
Warren and Schneider, 2000) during the last thousand years along the trade route from the Pacific Coast 
to the Colorado Plateau (Hull and Fayek, 2013). The most recent inundation with Anodonta was the Little 
Ice Age, about 1650 A.D. (Miller et al., 2010).  
 
To the northwest are Cronese Mountains. These are mostly made of Mesozoic granite and quartz 
monzonite (gqm, Dibblee, 2008). 
 

 
 
Mile Next 
5.6 (3.4) Cross the boundary fault for the southeastern flank of the Cronese Mountains. 
 
9.0 (1.6) Meir Group Iron mines 1.0 miles to the north. 1- 6' wide hematite veins in metamorphic  
rocks near contact with granite (MRDS, 2011, No, 10095281 and  10262384;, Southern Pacific, 1964, Vol 
3, p.132). 
  
10.6 (1.5) Viewpoint, gravel pit on the left (south). Hill 2292 in the western Cronese Mountains  
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and Hill 2250 in the western Cave Mountains are granite to quartz monzonite units. 
 
12.1 (1.7) Pass through older gravels on each side of roadway (Qog, Dibblee, 2008). 

 
Mile Next 
13.8 (2.8) Afton Canyon Exit. At this interchange we pass on to Manix Lake Beds (Qol; Dibblie  
2008). 

 
 
LAKE MANIX 
 
Reheis and others (2021) said this about Lake Manix: 
 
Pluvial lake deposits in the Basin and Range province have long been exploited for records of hydrologic 
and climatic change. To obtain the most accurate reconstructions, a thorough understanding of the 
geomorphic evolution of such lake basins must be grounded in field stratigraphy and mapping, which are 
often lacking or are not well integrated with core studies. We conducted extensive stratigraphic 
investigation, mapping, and dating of exposed strata in the Lake Manix basin, former terminus of the 
Mojave River, California, during the Pleistocene to provide such a background and to supplement 
interpretations from a 45-m-long core.(Reheis and others, 2021). 
 
In this paper, we emphasize the geomorphic and tectonic processes that shaped the evolution of the 
Manix basin after the arrival of the Mojave River in the early-middle Pleistocene. The main processes 
include (1) sedimentary infilling of the lake basin, (2) interaction among the subbasins as controlled by 
internal sills and sill failures, (3) tectonics, and (4) climate change. From about 500 to 190 ka, Lake Manix 
was confined to its western subbasins, and fluctuated in response to climate change and perhaps to brief 
diversions of the river into the upstream Harper Lake basin. During this time, about 24 m of sediment 
accumulated near the confluence of the Mojave River and Manix Wash, and a 15-km-long clastic wedge 
built into the western basins, gradually filling the accommodation space (Reheis and others, 2021). 
 
Two basin-integration events subsequently occurred, both caused by failure of sills that lay on sheared 
deposits along the Manix fault zone. When Lake Manix rose at the onset of glacial marine isotope stage 
6, the sill on the south flank of Buwalda Ridge failed and triggered a catastrophic flood that entered the 
new, lower elevation, previously endorheic Afton subbasin. Subsequent lake-level changes affected both 
subbasins, but the thickest deposits after the flood are preserved in the Afton subbasin. The area 
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upstream of Buwalda Ridge was only submerged during relatively high lake levels. Thus, sediment 
records interpreted from the core site and nearby outcrops in part reflect a geomorphic event (basin 
integration) rather than climatic conditions. The sill of Lake Manix after the integration event lay at the 
northeast end of the Afton subbasin, athwart strands of the Manix fault zone. At about 25 ka, this 
eastern sill was rapidly incised, and the river advanced to terminate in Lake Mojave in the Soda and 
Silver Lake basins. Recognition and dating of integration events, common for lake-river interactions in 
active tectonic settings, provide important context for interpreting paleoclimate records from sediments 
and provide temporal and spatial constraints on the biogeography of aquatic species (Reheis and others, 
2021). 
 
Mile Next 
16.6 (2.0) Cross the Cave Mountain Fault 
 
MAP 14: Dunn Siding to Manix Lake area 
 
Mile Next 
18.6 (3.2) Dunn Siding Transfer Station to the left (south). There are two groups of siloes at Dunn  
Siding on the Southern Pacific Railroad. These used to store talc To the northwest is Dunn Hill. 
 
Glazner and others (1994) observed: 
 
Dunn hill, the westernmost [topographic feature] of the Cronese Hills. The  dark-colored rocks are Triassic 
(?) metasedimentary strata with locally abundant granitoid intrusions. The prominent layering is a 
mylonitic fabric …. The light-colored stripe on the west side of Dunn is a postkinematic granite dated at 
155 ± 1 Ma (Walker et al.,  1990b ). The dark knob within this granite is a pendant of foliated 166 Ma 
monzonite. Hence, the observations from this spot clearly show the timing relations of the deformation 
in the Cronese Hills (Glazner and others, 1994). 
 
On the south side of Dunn [Hill], the generally  northwest-dipping foliation rolls over to the south and 
becomes vertical. This occurs only within about 100 m of the contact  with the alluvium. Local outcrops 
to the south of Dunn consist of steeply southeast-dipping gravel. We interpret this to  indicate that Dunn 
is uplifted, in part, along a Recent  transpressive fault. This fault probably continues to the east, and 
projects to a mapped fault observed near the Afton exit of I-15 (seen in the distance in the foreground of 
Cave Mountain, the most prominent, triangular peak). This fault is located between the light-colored, 
rounded hill of granite and the dark, isolated knobs of Tertiary sedimentary rocks. These latter rocks dip 
to the south and show folding related to sinistral drag. This same fault continues along the north side of 
Cave Mountain, and intrusive contacts at Cave Mountain are offset about 5 km in a sinistral sense from 
contacts exposed at Cronese Mountain to the north. Hence, this fault appears to be really important, and 
is best interpreted as a major synthetic strike-slip/transpressive fault of the Manix fault system (Glazner 
and others, 1994). 
 
Mile Next 
21.8 (7.0) Midway Rest Area. The area is in Quaternary River Terrace Gravels (Qg; Dibblee, 2008). 
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Mile Next 
28.8 (5.8) Manix Exit. The Manix Fault is along the north side of the Mojave River, 3.0 miles to the 
South. To the northwest and north-northeast are Hill 2324 and Hill 2013. These are underlain by 
Quaternary-Tertiary breccia (QTbr) 
 

 
 
The Manix Fault is west-trending, with movement indicators showing different vertical and lateral 
aspects (McGill and others, 1988). It is the southerly-most west-trending fault in the Mojave Desert; 
west-trending faults are more common northward toward the west-trending portion of the Garlock Fault 
(Jennings and others, 1962) (Reynolds,2002, p. 3; Keyeton and Keyton, 1977). 
 
There is three miles of left-lateral movement on this fault (Meek and Battles, 1991).  
 
Reynolds and Kenney (2004) said this about measured displacements of alluvial materials on the Manix 
Fault: 
 
The “granitic fanglomerate” of Meek and Battles (1991) was mapped as slightly different geologic units 
by Danehy and Collier (1958). The railroad mapping occurred at a time before large-scale strike-slip 
faulting was widely accepted, and thus Danehy and Collier were probably not looking to match distant 
geologic units along a fault’s strike. Meek and Battles (1991) discovered that the lithologic assemblage 
and stratigraphic layering of the offset units are nearly identical, and concluded that the units have 
probably been offset in a left-lateral fashion by at least 5.2 km. Because the granitic fanglomerate 
contains abundant Miocene volcaniclastic rocks, the offset must post-date the early Miocene age of the 
Cady Mountain volcanics. The granitic fanglomerate also contains some large granitic boulders from a 
bedrock source in the region that has yet to be identified. Deciphering the origins and transport 
directions of the granitic boulders will be an important key to understanding the post-middle- Miocene 
geologic history of this area (Reynolds and Kenney, 2004, p. 4-5). 
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Since the middle Pleistocene, significant vertical offsets on the Manix fault have occurred, rapidly 
uplifting the Cady Mountains in the region directly south of Afton. A thick volcaniclastic wedge has been 
shed to the north unconformably atop the highly cemented fanglomerates derived from the Cave 
Mountain side of the basin (Meek, 1989). This uplift along the Manix fault is probably responsible for 
creating the Afton topographic basin which subsequently began to accumulate Lake Manis sediments. 
The numerous entrenched channels that cross the Manix fault south of Afton have all incised since Afton 
Canyon formed and a large base-level drop occurred about 18 ka. Because the incised channels do not 
show significant left-lateral offsets along the Manix fault, most post-18 ka movement on this 
fault system may be vertical (Reynolds and Kenney, 2004, p. 4-5). 
 

 
Figure 5. Figure for Stop Q-6, Reynolds and Miller, 2010, p. 10. 
Mile Next 
34.6 (5.0) Manix Siding on the left (south) 
 
39.6 Harvard Road Exit. Gas or Rest Stop 
 
0.0 (1.8) Reset Odometer at Interstate I-15 and Harvard Road. Proceed south on Harvard Road. 
 
1.8 (1.0) Harvard Hill to the right (west) 
 
Harvard hill is cut in two by the Manix Fault. The northern block is Tertiary limestone (Tl) with a smaller 
block of Tertiary andesitic breccia (Tab) on its eastern flank, These beds dip northerly (Dibblee, 2008b). 
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The southern block has these fine-grained sediments, Tertiary limestone (Tl), and Tertiary Sandstone 
(Ts) with an exposure of Qof at the southwest flank (Dibbblee, 2008b): 
 

 
 

 
The southern block also has course-grained sediments fanglomerate (Tsf). These beds dip southward 
(Dibblee, 2008b): 
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Harvard Hill section contains early Miocene marker beds that can be traced westward through Daggett 
Ridge and the Calico Mountains to the type section of the Barstow Formation (Reynolds, 2000; Reynolds 
and Woodburne)  (Reynolds, 2002, p. 3; Leslie and others, 2002, p. 85 
 
Harvard Hill Mining Cuts. A Pleistocene thrust fault places Miocene limestone of the Barstow Formation 
over Pleistocene Lake Manix sediments. Lake Manix sand, beach gravel, and minor muds are exposed in 
the pale badlands to the west. They represent folded sets of beach gravels interbedded with sands. These 
beds at their highest point lie at least 50 m above their original level, representing significant uplift in the 
late Pleistocene and Holocene. Strands of the Manix fault lie to the north and south of the outcrops, and 
probably intersect with the Dolores Lake fault on the west to cause local compression. The thrust fault 
over the lake beds probably represents a more impressive manifestation of this same compression 
(Reynolds, 2002, p. 10). 
 

 
Figure 6. Stop M-2 from Reynolds, 2002, p. 11. 
 
North Harvard Hill. Walk southeast to the pale green Shamrock tuff under silicified limestone beds. The 
Shamrock tuff may correlate with the ~18.7 Ma Peach Spring Tuff (Leslie and others, this volume). The 
Shamrock tuff shows that the Barstow basin was receiving water and lacustrine silts prior to 18.7 Ma, 
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and that the MSL at Harvard Hill may have been deposited earlier than the 16.7–16.9 MSL in the Mud 
Hills. North Harvard Hill stratigraphy differs from that at Stop M-1. The northern section contains thin 
limestone beds interbedded with sands representing reworked Shamrock tuff, overlain by more massive 
limestone, partly silicified. The south section is virtually entirely massive limestone, strongly silicified. 
Correlating limestone units such as these is difficult because they change facies rapidly along strike 
(Leslie and others, 2010) (Reynolds, 2010, p. 11) 
 
The tuff at Harvard Hill is 18.7 Ma (Miller and others, 2010). 
 
Mile Next 
2.8 (1.0) Mojave River River Sand (Qr, Dibblee 2008b): 
 

 
 
The Cady Mountains are 5.1 miles to the east. We see the western flank of this range with (mv; 
Dibblee,2008b:)   
 

 
 
 
and andesite (Ta), andesitic breccia (Tab), basalt (Tb), and basalt breccia (Tbb, Dibblee, 2008b): 
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Mile Next 
 
3.8 (x0.3) Intersection Harvard Road and Riverside Road. Turn right, go west on Riverside Road. 
 
4.1 (0.7) Twin Lakes to the left (south). In Quaternary alluvium (Qa; Dibblee, 2008b.) 
 
4.8 (0.3) Intersection of Riverside Road and Newberry Road. Turn left, go south on Newberry 
 Road 
 
5.1 (3.8) Jodie Lake on the right (west) in Quaternary alluvium (Qa) 
 
8.9 (1.8) Newberry Mill 
 
10.7 (5.6) Cross over Interstate I-40, then stop at National Trails Highway. Turn right and go east  
on National Trails Highway (frontage road for Interstate I-40). Newberry Peak in the  Newberry 
Mountains is 1.6 miles to the southwest. The geology of this area is described  by Cox and others 
(1987). The Calico Fault strikes NNW-SSE a few hundred feet west of  this intersection. 
 
CALICO FAULT 
 
Activity on the Calico fault, south of the Calico Mountains, may have dammed the Mojave River, causing 
deposition of lake, pond, and marsh sediments west of the fault, from Daggett on the south to Yermo on 
the north (Reynolds and Reynolds, 1985, 1991). Dates of deposition between 12,000 and 9,000 ybp 
(Reynolds and Reynolds, 1991) are similar to activity on the Coon Canyon fault. Scarps that elevate 
Pleistocene and Holocene sediments on the northeast side of the Calico and Coon Canyon faults may 
have been active during the same period, suggesting that the “Calico” fault activity may be stepping 
westward (Reynolds, 1992) during Holocene time (Reynolds, 2004, p. 7) 
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Early studies proposed tens of kilometers of right slip along the Calico fault (Dibblee, 1980, Dokka, 1983), 
but Fletcher (1986) and more recently Singleton and Gans (2008) suggest no more than three kilometers 
of right-slip. The onset of strike-slip faulting is uncertain, but Bartley et al. (1990) believe it may have 
begun as early as 19 Ma. If so, this would necessitate some overlap with detachment. Right-slip motion 
continues to the present (Jessey, 2010). 
 
Mile Next 
16.3 (4.6) Quaternary Clay (Qc; Dibblee 2008b) 
 
 
20.9 (2.4) Quaternary Pisgah Crater basalt (Qb; Dibblee, 2008b). 
 

 
 
23.3 (2.6) Intersection Road CR20796 “Hector Mine Road” and National Trails Highway. Turn right 
 and go south-southeast on the Hector Mine Road. 
 
25.9 Hector Mine 
 
HECTOR MINE 
 
The Hector mine produces the rare clay hectorite from an open pit. The clay is overlain by an andesite 
lava flow. The mineralization is spatially and genetically related to the Pisgah and other faults. 
 
The valuable mineral being produced here is hectorite, a member of the montmorillonite clay group 
(Attachment C, Photographs 16-17); the Hector mine being the type locality. It was first identified and 
described by Foshag and Woodford, in 1936, as the magnesian end member of the montmorillonite 
group, into which Lithium substitutes for Magnesium in a ratio of about 1:2. It was further described and 
named by Von Strese and Hoffrnan in 1941. Dana's Manual of Mineralogy classification lists hectorite 
among the trioctahedral phyllosilicates. The Mineralogy Database (1999) gives the chemical formula of 
hectorite as NaO 3(Mg,Li) 3SioO 10(F, OH),. The crystal structure and chemistry give hectorite some 
unique properties, for example, the ability to change from a gel to a sol when agitated [note, this 
property is called thixotrophy]. This is a desirable characteristic when used in the coatings industry and in 
a drilling mud. Bentonite has this same characteristic but requires a significantly greater amount of 
material to achieve the same results. Bentonite also is normally a darker mineral which makes it 
undesirable for certain light colored and clear applications (Willette, 1995) (Monroe and others, 2001, p. 
28). 
 
Willette (1995) describes the andesite recovered in drill samples as a green hypersthene, augite 
porphyritic andesite. He further describes the calcic bentonitic clays as chocolate brown to dark tan with 
varying hues of pink and orange (Monroe and others, 2001, p. 28) 
 
The conditions leading to the formation of hectorite are still being debated. However, the 
paleoenvironments observed at Hector support the theory that volcanic ash, deposited within lake bed 
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sediments, is devitrified, resulting in the formation of clay. The restricted flow of water from the lake, 
which in addition to meteoric water, was fed by lithium and fluorine bearing hot springs allowed an 
interchange of soluble minerals. Calcite concretions and calcite crystals and pellets are common 
throughout the clay beds as are travertine (tufa) lenses. A travertine ridge has been noted running 
parallel to the Pisgah fault (Willette, 1995)(Attachment C, Photograph 18). Similar deposits have been 
observed at the IMV-Floridin hectorite mine north of Death Valley Junction, California. The existing data 
appears to well substantiate the restricted lake, lithium hot springs theory (Monroe and others, 2001, p. 
28).  
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Figure 7. Geologic map of the Hector Mine and surrounding areas. 
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Figure 8. Geologic map of the Hector Mine and surrounding areas 
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Figure 9.From Monroe and others, 2001. 
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Figure 10.From Monroe and others, 2001. 
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Figure 11.From Monroe and others, 2001. 
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Figure 12.From Monroe and others, 2001. 
 
Return to National Trails Highway, return west to Fort Cady Road. Turnright and go north to the 
Interstate I-40 interchange. 
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0.0 (4.5) Ft. Cady Road overpass and Interstate I-40. Turn left and go west on Interstate I-40 
 
MAP 17: Newberry Springs to East Barstow 
 
4.5 (4.8) Newberry Springs town to the south 
 
The original name of Newberry Springs was, at least briefly, "Watson", with a post office established in 
Feb 1883, and discontinued later that year in July. The Southern Pacific Railroad then named the location 
"Newberry", and eventually the post office was re-established under that name in 1899. In 1911 the post 
office name was changed to "Wagner", and in 1919 to "Water". At some point prior to 1931 the name 
was changed back to "Newberry", and in 1967 to "Newberry Springs", apparently to avoid confusion with 
Newbury Park (near Oxnard CA). Since its earliest days the area in and around Newberry Springs has 
been a source of water for the surrounding arid region. Camp Cady, located at the western terminus of 
the Mojave Road just 12 miles north of present-day Newberry Springs, was a resting place and watering 
hole along the Mojave River for wagon trains coming to California in the 1850s on the old Mormon Trail. 
In the 1880s the Atlantic and Pacific Railroad hauled tank cars of water from Newberry Springs to the 
stations and towns in the region, making life in this arid land possible (Wickipedia, 2022). 
 
NEWBERRY MOUNTAINS 
 
The Newberry Mountains are located south of Interstate Highway 40 about 25 kilometers east-southeast 
of Barstow, California (Figure 1). The ridges rise about 750 m above an alluvial piedmont on the north 
flank of the mountains. Several large canyons give access to well-exposed strata in the center of the 
range. The local geology was mapped at 1:62,500 scale by Dibblee [1964a, b; 1970], Dibblee and Bassett 
[1966], and Dokka [1980]. The Cenozoic geologic history of the range was discussed in regional syntheses 
by Dokka [1980; 1983; 1986; 1989], Dokka and Glazner [1982], and Dokka and Woodburne [1986]. Cox 
et al. [1987] studied the mineral-resource potential of the Newberry Mountains and neighboring Rodman 
Mountains. The generalized stratigraphic succession of the Newberry Mountains revealed by these 
previous studies consists of: 1, granitic and metamorphic basement rocks of pre-Tertiary (mainly 
Mesozoic) age; 2, a lower volcanic sequence dominated by dacite, andesite, and basalt, all of early 
Miocene age; and 3, an upper sedimentary sequence mainly consisting of conglomerate, breccia, pebbly 
sandstone, and minor air-fall tuff, also of Miocene age (Hillhouse and others, 2010. 
 
Based on geologic mapping and paleomagnetic studies near Minneola Ridge and Kane Wash, Hillhouse 
et al. (this volume) reported clockwise rotation (43°) in moderately tilted, 22-19 million-year-old volcanic 
rocks that are capped by subhorizontal and essentially unrotated (CCW: 1.6° ± 4.3°) Peach Spring Tuff 
(Reynolds and Miller, 2010, p. 177) 
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Figure 2. a) Geologic map (modified from Cox, in press) and locations of sections sampled for 
paleomagnetism in the Newberry Mountains. KSF, Kane Springs fault; SSF, Sheep Spring fault. 8M018, 
location of last site listed in Table 1. PST, paleomagnetic sample site in Peach Springs Tuff [Wells and 
Hillhouse, 1989]. b) Schematic cross section showing structure of Miocene strata; location of cross 
section and rock-unit explanations shown in part a. Vertical exaggeration approximately x2.2. From 
Hillhouse and others, 2010, p. 179 
 
Miles Next 
7.5 (x.x) Volcanic rocks to the left (south). Quaternary windblown sand (Qs) to the north on the  
  Southwest side of the Calico Fault 
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9.3 (1.8) Cross contact from Quaternary alluvium (Qa) to Quaternary fanglomerate (Qf; Dibblee, 
and Minch, 2008f). 
 
11.1 (4.4) Quaternary fanglomerate at the roadway with Older fanglomerate in the foothills 
  (Dibblee and Minch, 2008f). The U.S. Marine Corps Supply Center is to the northeast. 
 

 
 
15.5 (0.6) Quaternary alluvium (Qa) 
 
MAP 18: Waterloo Mill Site to East Kramer 
 
16.1 (0.4) Junction Interstate I-40 and Daggett-YermoRoad. Exit the freeway, turn right and go 
  north on the Daggett-Yermo Road 
 
16.5 (1.4) Daggett 
 
The town was founded in the 1880s just after the discovery of silver in the mines near Calico to the north. 
In 1882, the Southern Pacific Railroad with the Atlantic & Pacific Railroad (Later Atchison, Topeka and 
Santa Fe Railway, BNSF) from Mojave was being completed in the area and it was thought that a good 
name for the town would be Calico Junction. But this name would be too confusing since it was right next 
to Calico, where silver was discovered. It was decided to name the city after then Lieutenant Governor of 
California, John Daggett, during the Spring of 1883. There were plans to make Daggett the main station 
of the area and to have a rail yard there to handle the heavy trains coming from the East, but due to the 
silver mining making the prices of land go too high, the ATSF moved to Barstow, California and 
established the main rail station there. In 1903, the San Pedro, Los Angeles & Salt Lake Railroad (later 
Union Pacific Railroad) also built their line from Las Vegas through Daggett to reach Los Angeles, 
California and East San Pedro by borrowing trackage of the ATSF through to Barstow to allow the 
servicing of their engines at the roundhouse located there (Wickipedia, 2022). 
 
Borax was also important to Daggett's economy and the town's history. For two years, it was the 
terminal of the Twenty-mule team run from Death Valley, but after one of their swampers, William Pitt, 
was lynched, the Pacific Borax Company changed the terminal to Mojave. Later on in 1891, Francis 
Marion Smith the 'Borax King' moved to Daggett from Death Valley's Harmony Borax Works to install 
mining operations at a borax mine called Borate, which was located about three miles east of Calico. This 
operation required many laborers to come and help, it was reported that Pacific Coast Borax Company 
employed nearly 200 men to work in the mines. At first, the borax was hauled by the then-soon-to-be-
famous 20 Mule Team, but Smith sought to replace the mules with a cheaper, efficient means of 
transportation. The Borate and Daggett Railroad was built in 1898 to take over the duty of hauling borax 
from the mules (Wickipedia, 2022). 
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Daggett became quite a big city in the 1890s, boasting three stores, two restaurants, three saloons, 
three hotels, a lumberyard, and even a Chinese eating place. But after 1911 when richer borax deposits 
were discovered north of Daggett in Death Valley at the Lila C. Mines, all the mining operations were 
moved there, which caused Daggett to go into a steady decline which continues even to this day. Despite 
the establishment of the solar energy plants, Daggett still struggles to hang on to life. However, there 
are still some people who travel through the town to reach Yermo, California and Las Vegas today 
(Wickipedia, 2022). 
 
17.9 (0.6) Junction. Turn left and go west on dirt road to the Waterloo Mill Site 
 
18.5  Waterloo Mill Site 
 
WATERLOO MILL SITE AND THE CALICO MINING DISTRICT 
 
A compilation of data about the Calico Mining district is available in Wilkerson (2023e.) 
 
The Waterloo mill on the east flank of Elephant Mountain is part of the Calico Mining District 
(Jessey,2010). 
 
Elephant Mountain 
 
Dibblee and Minch (2008f) mapped Elephant Mountain as underlain mostly by andesite intrusive (Tai) 
with smaller bodies of andesite breccia (Taa) … 
 

 
 
and tan felsite (Ttf) at its north end. 
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The largest dome, Elephant Mountain (0.55 km2), is a composite of several hornblende dacite domes 
intruding the Pickhandle Formation and was dated (40Ar/39Ar; plagioclase) as 18.29 ± 0.10 Ma. The 
composite dome is mantled by breccia in the north. Two smaller domes (~0.35 km2 each) lie north and 
south of the domes of Elephant Mountain. The northern dome contains quartz and biotite as well as 
hornblende and yielded an age of 18.17 ± 0.12 Ma. A southeastern dome (0.25 km2) near Elephant 
Mountain was studied by Glazner (1990), who described a plagioclase-biotite-hornblende assemblage. 
This dome is higher in silica, bordering on rhyolite, than those in the Yermo volcanic field. A small dome is 
southwest of, and reddish-brown plagioclasesanidine- quartz-biotite rhyolite with platy structure (Miller 
and others, 2022, p. 127). 
 
Waterloo Mill, on the base of Elephant Mountain to the west (right), processed silver ore in the 1880s 
from the Waterloo mine west of Calico Ghost Town. The original 1884 mill was owned by the Oro Grande 
Mining Company, and boasted 75 stamps when it was purchased by the Waterloo Mining Co. in 1889. A 
narrow gauge railroad connected the Atlantic and Pacific Railroad (later Santa Fe) at Daggett to the mill 
on the north side of the river, to the Waterloo and Silver King Mines at Calico, and to the narrow gauge 
railroad that led to the American Borax Company’s Columbia Mine (not Columbus) on the north side of 
Lead Mountain (Myrick, 1992; Weber. 1966; Reynolds, 2010, p. 13). 
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Figure 13. Geologic map of Elephant Hill 
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Archaeological studies at Elephant Mountain indicate] there was much more mining, i.e., obtaining and 
utilizing minerals, in the desert. Elephant Mountain, at Daggett, shows evidence of not only a metate 
quarry site, but debris sites left from shaping and lessening weight to make portable metates. Besides all 
the quarry sites for making rock tools and points, Native Americans obtained clays for pottery, sand for 
pottery temper, and pigments for various uses (Walker, 2005, p. 92). 
 
Waterman 
 
Nearly 5 years before the famous silver discoveries at Calico, nearby, in fact only 4 miles north of the 
present site of Barstow, a man named George G. Lee discovered  silver but he did not know it. Lee 
prospected the property, thinking he had a cinnabar mine, until he died mysteriously on the desert in the 
fall of 1879. In June, 1880, Robert W. Waterman and John L. Porter visited the property and took samples 
for assay. After they learned that they had discovered silver, in December they staked claims. 260 
(Vredenburgh and others, 1981, p. 148-150, Vredenburgh, 2013). 
 
 
Full scale operations began in 1881. A ten-stamp mill erected beside the Mojave River, was powered by 
the river. Trees which grew along the river supplied fuel for the furnace, with ore teamed downhill to the 
mill, and water back up for the steam hoisting works at the mine. 261(Vredenburgh and others, 1981, p. 
148-150, Vredenburgh, 2013). 
 
Between May 1, 1881, and March 15, 1887, $1,611,429 in silver was produced. Near the mill the town of 
Waterman thrived until the price of silver dropped and the mine was shut down. Prior to 1890 the 
tailings were worked profitably, and the mine was worked on a smali scale until 1909. There was an 
attempt to recover barite from the tailings in 1931, but the last serious mining took place in 1887. 262 
(Vredenburgh and others, 1981, p. 148-150, Vredenburgh, 2013). 
 
Calico History 
 
News of the silver discovery made by Waterman and Porter at George Lee's old mine spread quickly and 
soon hundreds of new locations were made. On April 6, 1881, S. C. Wardan, Hues Thomas and John C. 
King located claims on Calico Mountain. They named their discovery the Silver King Mine. 263 
(Vredenburgh and others, 1981, p. 148-150, Vredenburgh, 2013). 
 
Below the Silver King Mine the town of Calico grew slowly. In the spring of 1882. There were .only 100 
people living there. In July, 1882, the Silver King  Mine was sold to San Francisco interests for $300,000. 
This, along with the consolidation of many individual claims led to more efficient mining. There were no 
less than 46 mines of note near Calico with the most important being the Waterloo, Bismarck, Oriental, 
Garfield and Burning Moscow. 264(Vredenburgh and others, 1981, p. 148-150, Vredenburgh, 2013). 
 
At first the ore from the Silver King Mine was hauled to Oro Grande, 40 miles away, but in 1882 a ten-
stamp mill was erected beside the Mojave River at Daggett. There were numerous other mills in the area. 
Hawley's mill at Camp Cady ran on ore from the Cuba Mine, located west of Calico, and from mines of 
the Silver Odessa Mining Company. The ore from the Garfield mines were worked between 1883 and 
1885 at Barber’s mill, northwest of the mouth of Mule Canyon. The Odessa, Oriental and Occidental 
mines' ore was processed at the mill owned by the Silver King Mining Company of London, England, and 
located between the mouth of Wall Street and Odessa Canyons. 265 (Vredenburgh and others, 1981, p. 
148-150, Vredenburgh, 2013). 
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In 1887 the Oro Grande Company began building a mill next to their mill at Daggett n 1887 the Oro 
Grande Company began building a mill next to their mill at Daggett. This mill burned to the ground, but 
work was resumed at once. To reduce transportation costs, a narrow-gauge railroad was constructed in 
1888 to bring ore from the Waterloo and Silver King mines to the mill. The falling price of silver shut 
down these mines in 1892. By 1896, the Silver King Mining Company also shut down: The mines of Calico 
produced between $13,000,000 and $20,000,000 worth of silver. 266 (Vredenburgh and others, 1981, p. 
148-150, Vredenburgh, 2013). 
 
Around 1917 cyanide was used to recover silver from the Silver King mine dumps, and during the early 
1930s there was a small operation, the Zenda Gold Mining Company, which mined silver. Gold was 
mined from the Total Wreck (Burcham) Mine from the 1930s until 1941. There is a strong possibility that 
the enormous quantities of low grade silver ore present at Calico will one day be mined. 267 
(Vredenburgh and others, 1981, p. 148-150, Vredenburgh, 2013). 
 
As a town, Calico, with its one street perched on an inclined mesa; had a turbulent existence. It burned to 
the ground in the fall of 1883, and was rebuilt. After it was vacated in the 1930s, the remain  of Calico 
sat derelict until 1950, when Walter Knott, owner of Knotts Berry Farm in Buena Park, converted the 
ghost town into a tourist attraction. 268 (Vredenburgh and others, 1981, p. 148-150, Vredenburgh, 
2013). 
 
Three miles east of Calico, the town of Borate was formed near borax deposits mined since 1884 by 
"Borax" Smith. A railroad name the Borate & Daggett was aid into Mule Canyon in 1898. The borax 
mines were abandoned in 1907 after yielding nine million dollars worth of borax minerals. 269 
(Vredenburgh and others, 1981, p. 148-150, Vredenburgh, 2013). 
 
Calico Geology 
 
The Calico Mining District is situated in the southern Calico Mountains of the Mojave Desert, in the 
south-western region of the Basin and Range tectonic province. This mountain range is a 15 km (9 mile) 
long northwest- southeast trending range dominantly composed of Tertiary (Miocene) volcanics, 
volcaniclastics, sedimentary rocks and dacitic intrusions. Mineralization at Calico comprises high-level 
low-sulfidation silver-dominant epithermal vein-type, stockwork-type and disseminated-style associated 
with northwest-trending faults and fracture zones and mid-Tertiary (~ 19-17 Ma) volcanic activity. Calico 
represents a district-scale mineral system endowment with approximately 6,000 m (19,685 ft) in 
mineralized strike length controlled by Apollo. Silver and gold mineralization are oxidized and hosted 
within the basal stratigraphic horizons of the sedimentary Barstow Formation and in contact and within 
the upper volcaniclastic units of the Pickhandle formation. The current mineral resource estimate at 
Calico comprises 166 million ounces of silver contained in 58.1 million tonnes at an average grade of 89 
g/t, at a cut-off grade of 50 g/t Ag (Apollo, 2023). 
 
Barite veins usually mineralized with silver occur in a wide area including the Calico Mountains, 
Waterman Hills, Lead Mountain and Mt. General. In a study of the silver ore bodies in the Calico Mining 
District, Weber (1971) concluded: 
 
 In early (?) Pliocene, andesite and dacite were intruded discordantly and in parts - concordantly 
 into a middle and late Miocene sequence of pyroclastic sediments and minor volcanic flows of 
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 the Pickhandle Formation and playa lake and fluviatile sediments of the Barstow Formation. The 
 sequence apparently was arched gently during the intrusion.  
 
 Slightly later, fractures and faults formed in these rocks along a northwest-trending belt about 
 four miles long and half a mile wide, and were filled with jasper, barite, silverbearing minerals 
 and other minerals that were derived from residual fluids of the intrusive mass. The ascending 
 fluids also invaded, altered and mineralized permeable portions of the playa and fluviatile 
 sediments. 
 
Bowen (1954), Dibblee (1970) and Durrell (1954) noted barite (± silver) mineralization is widespread and 
spatially associated, if not in fact gentically associated with the Tertiary intrusion of andesite, dacite and 
rhyolite. These volcanics have intruded not only the Miocene sediments, but also the Precambrian 
Waterman Gneiss, Precambrian-Cambrian (?) Oro Grande Series (composed largely of limestone and 
quartzite) and Mesozoic granitics. Barite (± silver) veins occur in all of these rock types except the Oro 
Grande Series. Out of dozens of past silver producers, several have potential for production. West of 
Calico core drilling by ASARCO in the early 1970s had indicated an ore body of about 30 million tons 
which averages 3 ounces of silver a ton and from 7 to 15 percent barite (Vredenburgh, 1985). 
 
Silver–barite deposits of the central Mojave Desert, near Barstow, CA have yielded more than $20 million 
in silver and barite. Mineralization occurs in rocks ranging in age from Precambrian Waterman Gneiss to 
early-middle Miocene Barstow Formation, but nearly all of the recorded production is from the early 
Miocene Pickhandle Formation. Pickhandle volcanic rocks host numerous northwest-trending silver– 
barite veins emplaced along steeply dipping faults. The highest ore grades are encountered in the 
oxidized apex of the veins where silver chlorides and native silver are the chief ore minerals (Jessy, 2010, 
p. 213).  
 
Geochronology indicates the main pulse of mineralization occurred at 17 Ma. This coincides with the 
waning stages of detachment faulting (Waterman Hills detachment fault) and likely predates the 
initiation of dextral shear along the Calico fault. Silver–barite ore was deposited as massive, open-space 
filling within listric faults in the Pickhandle Formation, while it is largely disseminated within siltstone of 
the Barstow Formation. Paragenetic studies suggest that mineralization happened was constrained to a 
single event, requiring a plumbing system that enabled fluids to rise upward, perhaps along faults in the 
Barstow Formation, and then migrate laterally along permeable horizons. Fluid inclusion 
geothermometry indicates Pickhandle veins were emplaced at depths in excess of one kilometer while 
Barstow ores were deposited very near the surface (Jessy, 2010, p. 213).   
 
One model proposes meteoric water circulating downward along the detachment fault surface. At depth, 
the meteoric water would be heated by plutons that fed Pickhandle volcanism and move convectively 
upward along normal faults within the overlying plate of the Waterman Hills detachment fault. As the 
fluid cooled, ore would be deposited within the Pickhandle Formation. Where available conduits and 
favorable stratigraphic horizons presented themselves, ore deposition would also have occurred within 
the overlying Barstow Formation. Subsequent right oblique-slip and transpression along the Calico fault 
resulted in uplift of the Calico Mountains, creating the present day topographic and structural 
relationships. In deeply eroded areas, such as Wall Street Canyon, the apices of outcropping silver veins 
were oxidized generating the “high-grade” silver chloride ores of the Calico District (Jessy, 2010, p. 213).  
 
APOLLO PROJECT 
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The Apollo Silver Corporation is conducting and exploration program in the Calico district. 
 
Resource infill drilling results continue to deliver high grade silver (“Ag”) intercepts. Results below 
include: 197 grams per tonne (“g/t”) Ag over 61.0 metres (“m”) from surface (W22-RC075) and 135 g/t 
Ag over 85.5 m from 5.5 m down hole (W22-RC-077). Apollo is now in possession of all silver assay results 
for drill holes that targeted the 2022 Waterloo mineral resource block model, which defined 116 million 
ounces of silver at 93 g/t Ag at a 50 g/t cut-off grade (“COG”)1 . The 2023 resource estimation work 
program is proceeding as scheduled with results anticipated in early March. • Temporary Use Permit 
extension for one year period for planned future drilling at Waterloo has been granted by San Bernardino 
Count (Apollo, 2023). 
 

 
Figure 14. Apollo drilling program, 2023. 
 
Return to Interstate I-40 
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Mile Next 
 
0.0 (3.4) Interstate I-40 and Daggett-Yermo Road. Turn right and go west on Interstate I-40. 
 
3.4 (1.6) Area of gravel pits begins 
 
5.0 (2.7) Area of gravel pits ends. 
 
7.7 (1.8) Cross from Quaternary alluvium (Qa) to Older Quaternary fanglomerate (Qof).  
 
North of this point, on the north side of the Mojave River is the Mitchell Range. The southwestern 
boundary of this range is delineated by the Harper Lake Fault. The central part of the Michelle Range is 
Precambrian Waterman Gneiss, the middle part is Miocene pyroclastic volcanic rocks and the northern 
part is Jurassic or Cretaceous granodiorite (grd). 
 

s 
 
The most intensely extended rocks (indicated by extreme distension and tilting of upper-plate rocks) are 
only found from the Mitchel Range to the Buttes, roughly coincident with the areal extent of the 
Waterman Hills granite (Reynolds and Kenney, 2004, p. 8). 
 
The extensional tectonics resulted in an exposed core complex in the Mitchel Range and Hinkley Hills 
along with footwall granitoid plutons that are dated loosely at about 24 to 21 Ma (Glazner and others, 
2002). 
 
Significant extension in the Waterman Hills, Mitchel Range, and Hinkley Hills region north and west of 
Barstow… resulted in an exhumed core complex and synkinematic footwall plutons (Glazner et al., 1989, 
2002). Northeast of the core complex, northwest-elongate basins formed in the hanging wall of an east-
dipping detachment fault (Leslie and others, 2010). 
 
The Waterman Gneiss (lower plate of the Waterman Hills detachment fault) hosts a group of northwest 
trending barite veins at the southeast end of Gneiss at steep angles and postdate a prominent mylonitic 
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fabric. Vein margins are slickensided, suggesting emplacement within fault zones. Barite occurs as 
coarse-grained rosette-shaped aggregates, often heavily iron stained. Minor iron oxides are present, as 
are trace amounts of galena. No silver mineralization was observed and the limited extent of the 
workings suggests ore grades were subeconomic (Jessey, 2010, p. 219) 
 
MAP 18: Barstow Area 
 
9.5 (1.8) Cross the Hinkley Valley Fault striking NW-SE and up to the NE. This fault contact places  
  Older Quaternary fanglomerate (Qof) to the northeast against Quaternary alluvium (Qa) 
  to the southwest. Communication towers are a few hundred feet northeast of the fault. 
 
On the north side of the communication towers, on the Southern Pacific Railway is the site of the Pacific 
Coast Mill. 
 
PACIFIC COAST MILL 
 
Pacific Coast Mill and Mining Company (Barstow Metals Extraction Company). Location: sec. I, T. 9 N., R. 
2 W., S.B.M. Ownership: Hoffman estate, care of Herbert H. Hoffman, 11686 Dornfield Avenue, San 
Fernando, California, leased to the Pacific Coast Mill and Mining Company, Clarence E. Morris, president, 
1020 Highland Avenue National City, California. (Wright and others, 1953, p. 78). 
 
The Bagdad-Chase Mining Company operated a mill on this site from 1904 to 1910 and treated between 
100,000 and 150,000 tons of ore from the Bagdad Chase Mine located south of Ludlow. The mill tailings, 
totaling about 75,000 tons, are reported by the present operators to assay as high as 0.7 percent copper, 
0.14 ounce of gold and from 1to1.5 ounces of silver per ton (Wright and others, 1953, p. 78). 
 
Efforts had been made to recover the gold by cyanidation but the presence of copper carbonates and 
silicates caused excessive cyanide consumption. The Barstow Metals Extraction Company leased the 
property 111 the early 1930 's and built a mill to treat the tailings by acid leaching for copper recovery, 
followed by cyanidation to recover the gold.49 Faulty construction in the acid circuit caused mechanical 
failures and this plant failed to operate (Wright and others, 1953, p. 78). 
 
The present lessees, starting early in 1951, installed a flotation plant, utilizing a 5- by 22-foot ball mill 
fitted with internal grate dividers, and 9 rougher flotation cells followed by three cleaner cells. The 
tailings are ground to 100 percent minus 100-mesh and 50 percent minus 200-mesh. As of December 
1951, about 75 tons of concentrates had been shipped to Utah; the concentrates average 10 percent 
copper, 2.6-2.8 ounces of gold and 20 ounces of silver per ton (Wright and others, 1953, p. 78). 
 
11.3 (0.9) Junction. Keep to the right and go west on State Highway 58. 
 
12.2 (x1.7) Cross from Quaternary alluvium (Qa) to Quaternary windblown sand (Qs). 
 
One mile to the west of this point is Hill 2279. It is underlain by Miocene or Pliocene limestone (Tsl) and 
interbedded shale and sandstone (Ts) 
 



39 
 

 
 
13.9 (0.7) Cross from Quaternary windblown sand (Qs) to Quaternary river sand of the Mojave 
   River (Qs). 
 
14.8 (4.2) Viewpoint, Hinkley Fault. Rocks in the hill northeast of the Hinkley Fault at Hill 2627 are  
   PreCambrian Waterman Gneiss (wg) and marble (wm). 
 

 
 
To the north of this viewpoint is Mount General. The central mass of Mount General is Tertiary intrusive 
dacite (Tid). The viewpoint is near the ancient shoreline of pluvial Lake Harper. 
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HARPER LAKE 
 
The Harper basin is in the westem Mojave Desert, east of  Kramer, west of Barstow, north of Hinkley and 
southeast of  Randsburg. It is bounded on the northeast by the Harper Lake  fault and on the southwest 
by the lockhart fault. Between  these two faults, the Hinkley Valley fault (Bortugno and  Spittler, 1986; = 
the Mt' General fault of Glazner and others,  1994) strikes toward the west margin of the lake. The  
drainage area of the basin covers more than 720 mi2 and  tributaries reach across the Helendale fault to 
the southwest  (Bonugno and Spittler, 1986) and across the Blackwater fault  to the northeast (Jenningp 
and others, 1962). Internally drained basins of Lake Thompson (Rogers and Rosamond  lakes) (Dibblee 
1960), Cuddeback, and Superior Valley lie to  the west, northwest and northcast, respectively. The 
drainage  of the Mojave River lies to the southwest, south and east of  the Harper basin. In Pleistocene 
times, the Mojave River drainage terminated east of Harper Lake in the Manix Lake  basin, which 
includes Coyote and Troy lakes (Reynolds and Reynolds, 1994, p. 34). 
 
A series of uplifts from the Harper Lake area to the  northern Mitchel Range developed and  segmented 
the northern part of the  Mojave Extensional Belt into two  separate troughs, the Barstow and Boron  
Basins (Dokka and Woodbume, 1986;  Dokka et al., 1988; Dokka, 1989a;  Travis, I 992). Kinematic 
indicators suggest that the westem part of the  Mojave Extensional Belt opened in a  NE-SW direction, 
whereas the eastem  portion extended in an ENE-WSW  direction (Dokka, 1989a). Rotation of  the region 
about vertical axes as  revealed by paleomagnetic studies  suggests that the direction of extension  
within the Mojave Extensional Belt was  originally oriented -N-S and was  rotated as much as 50' 
(clockwise)  between -20 and 18 Ma (Early  Miocene) (Golombeck and Brown,  1988; Ross et 
al.,1989)(Dokka and others, 1994,p.5) 
 
The Harper Dry Lake Area of Critical Environmental  Concern (ACEC) Wetland Creation and Restoration 
site is  five miles north of Highway 58 on Harper Lake Road, and  two miles east on Lockhart Road. The 
site is on the south  side of Harper Dry Lake, in San Bernardino County, California (Croft and Burns, 1994,  
p. 39. 
 
MOUNT GENERAL 
 
Mount General is on the up side of the Hinkey Fault which marks the southwest flank of the mountain. 
The Hinkley Fault extends northward to Red hill where the same structural arrangement is exhibited. 
 
The area from Mount Waterman west to Mount General is divisible into rock units of Miocene age that 
overlie Paleozoic sedimentary and Jurassic volcanic rocks that have been metamorphosed. The Paleozoic 
and Mesozoic metamorphic rocks are cut by Early Miocene granodiorite plutons and diorite dikes. These 
two units of dissimilar age are deformed by the overlying Waterman Hills Detachment Fault (WHDF), the 
upper plate of which contains Early Miocene volcanic rocks correlated with the Pickhandle Formation 
(Glazner and others, 1989; Bezore and Shumway, 1994). Mount General consists of Miocene Pickhandle 
volcanic rocks that are in low-angle fault contact with underlying pre-Tertiary metamorphic rocks that 
have been intruded by early Miocene plutons and dikes (Bezore and Shumway, 1994). In many places the 
Pickhandle volcanics in the upper plate of the WHDF contain short discontinuous veins of barite with 
secondary silica and limonite ranging from a less than an inch up to three feet in thickness (Howsley and 
Reynolds, 2002, p. 61). 
 
Mount General has a series of dikes that cut the Pickhandle formation and provide information on the 
tectonics of this part of the Mojave. 
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New mapping by Onderdonk of the upper-plate rocks of Mount General reveals some of its internal 
structure that includes tilted early Miocene Pickhandle strata cut by dikes. The Pickhandle rocks at this 
stop are dark brown grungy-looking autobrecciated dacite cut by abundant fractures and small faults, 
locally rebrecciated and healed (or partially replaced) by ferroan carbonate, and cut by barite veins many 
of which are fractured or brecciated. The attitude of these rocks is not known, but nearby Pickhandle 
strata strike NW and have moderate to vertical dips to the SW. Actually, Pickhandle strata in this part of 
Mount General are more reflects not only an increase in extensional spreading but also an increase in 
magma fertility along the length of the Hinkley Hills. If additional mapping shows that the 500+ m-thick 
pile of volcanic flows that make up the north part of Mt. General rest unconformably on tilted Pickhandle 
strata, the magma fertility argument might be extended to post Pickhandle time.  (Anderson and 
Onderdnk, 2018). 
 
Mount General is capped by Miocene volcanics which make up the upper plate of the Waterman Hills 
Detachment Fault. The volcanics sit on early Paleozoic rocks of the lower plate (Reynolds, 2002, p. 61.). 
 
Mineralogical studies of the Mount General area are summarized by Howsley and Reynolds (2002) and 
Howsley (2009). 
 
The Southern California Chapter of Friends of Mineralogy recently inventoried the Mount General area in 
the central Mojave Desert, west-northwest of Barstow, San Bernardino County, California. The small 
workings and dumps suggest that mineral collecting potential is limited, even though the variety and 
quality of the minerals themselves is good. The mineralogy of prospects differ from west to east in the 
district. The inventory in the western portion recorded sulfides, barite abundant as gangue, sulfate and 
carbonate oxides, and lead molybdate (wulfenite) on arsenate/phosphate matrix. Secondary iron oxides, 
chalcedony and silicates of zinc and copper are present. In the eastern portion of the district, all the lead 
sulfides have been oxidized to vanadinite, the lead vanadate, and lead vanadates of copper and zinc. 
Barite is rare, and secondary oxides include limonite, chrysocolla and “embolite.”(Housley and Reynolds, 
2002.p. 61). 
 
19.0 (0.1) Cross from Quaternary alluvium (Qa) to Older Quaternary alluvium (Qoa). 
 
19.1 (2.5) Cross the Lockhart Fault (not shown on Dibble and Minch, 2008c;  shown on Bortugno  
  and Spittler, 1986).  
 
This fault continues to the northwest between Hill 2475 and Hill 2650. Hill 2650 is mostly quartz diorite 
(qd) with large masses of Waterman gneiss (wg) and garnet tactite (wt). . This fault joins with the 
Lenwood Fault and extends to the southwestern margin of Harper Lake. 
 
The Lockhard fault is a north-west projection of the Lenwood fault that runs toward the Rand Mountains 
(Reynolds, 2004, p. 9). 
 
To the northwest from this point are the Hinkley limestone deposits (MRDS, 2011, No. 10165489 and 
10286552; Southern Pacific Co, 1964, p. 77): 
 
White to grayish-white crystalline limestone crops out on two oval hills each covering several acres. The 
massive beds strike N. 65-75° W. and are nearly vertical. There are more than 500,000 tons of limestone 
without overburden in the two hills above the local base level. Most of this rock appears to be high-
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calcium material from qualitative tests made by the author, but no chemical analyses are available. No 
attempt has been made to quarry the limestone in either hill. The terrane is favorable for low-cost 
quarrying operations and rail facilities are half a mile to the south. Limestone is associated with mica 
schist in a series of roof pendants of the Oro Grande series. These are surrounded by granitic rocks and 
partly buried under alluvial overburden of variable thickness (Bowen, 1954, p. 161) 
 
21.6 (1.3) Iron Mountains. Here we cross from PreCambrian Waterman gneiss to Jurassic and  
  Cretaceous or older quartz diorite. This area was also mapped by Miller and Howard  
  (1985). 
 

 
 
The steep northeast flank of the Iron Mountains is fronted by a fault that probably extends farther 
northwest as the Bristol–Granite fault  (Howard and Miller, 1992). 
 
The southern Iron Mountains contain the westernmost turquoise in Mojave Desert, which  was also 
utilized by Native Americans  (Murdoch and Webb, 1966, p. 599). 
 
Near the center of the Iron hills is the Hinkley Deposit . It is a quarry for crushed stone (Wright and 
others, 1953, pp. 174-175; Southern Pacific, 1964, Logan, 1947). 
 
HINKLEY DEPOSIT 
 
The Hinkley dolomite deposit was quarried briefly in the mid-1940's, as a source of raw material for the 
Fontana plant of the Kaiser Steel  Corporation. A crushing and screening plant, erected on the property, 
has since been removed.  The dolomite occurs as a massive unit in a series of metamorphic rocks that 
also contains abundant schist and quartzite and is extensively invaded by granitic rocks. In the quarry 
area is a highly fractured body of dolomite at least 750 by 1000 feet in plan, and 100 or more feet thick. 
The dolomite is medium- to coarse-grained and pale yellow to white. It strikes northeast and dips steeply 
southeast. It contains several irregular dikes, mostly 6 to 20 feet wide, of quartz monzonite and 
hornblende diorite. (Wright and others, 1953, p. 174-174). 
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To the northwest of the Iron Hills (on our left) is Hill 2650 (on our right). These topographic knobs are 
quartz monzonite engulfing some Waterman Gneiss. At the northern end of Hill 2650 is Lynx Mountain. 
The Lynx Cat Mountain Mine is there. This is a granite quarry (MRDS, 2011, No. 10165107, CDMG, 1990), 
 
 
Mile Next 
22.9 (2.7) Road Junction. Dirt road crosses S.R. 58. Hill 2475 to the north of Unnamed Junction is 
   a hill of Older Quaternary fanglomerate. 
 
24.4 (0.5) Cross from Older Quaternary alluvium (Qoa) to Quaternary alluvium (Qa). 
 
24.7 (5.1) Cross from Quaternary alluvium (Qa) to Older Quaternary alluvium (Qoa). 
 
MAP 20: East Kramer Area 
 
29.5 (3.4) Hawes siding is on the right (northeast) and the Hawes airport is on the left (southwest). 
 
32.9 (1.8) Cross Unnamed Fault 
 
34.7 (4.9) Cross the East Kramer Fault. Here we cross from Quaternary older alluvium (Qoa) on the 
  northeast side of the fault to Jurassic-Cretaceous quartz monzonite (qm) on the   
  southwest side of the fault. The Jimgray hill on our left (south). It is composed of quartz  
  monzonite (qm). 
 
39.6 (4.6) Cross fault on the west side of Jimgrey Hill. The fault strikes N.50oW. We pass from  
  quartz monzonite back into Quaternary alluvium (Qa). 
 
MAP 21: Kramer to Rio Tinto 
 
44.2 (2.4) Kramer Junction 
 
Kramer Junction (also known as "Four Corners") is an unincorporated community in San Bernardino 
County, California. Kramer Junction is located at the intersection of U.S. Route 395 and State Route 58. 
Kramer was named in 1882 by the Southern Pacific Railroad for Moritz Kramer, a native of Germany, 
who had settled in the area in 1879 (Digital Desert, accessed Jan. 20, 2023). 
Hill 2654 to the south of Kramer Junction is composed mostly of Quaternary older alluvium. The highest 
parts are Tropico Formation granitic breccia (Tug) and clay shale  (Tus) 
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To the north of Kramer Junction is Hill 2522. These are erosional remnants of Quaternary older alluvium 
(Qoa). 
 
Mile Next 
 
46.6 (0.8) Cross northern projection of the West Kramer Hills Fault. This fault marks the western  
  edge of Hill 2762 and be traces southward as far as the Kramer Hills. 
 
50.2 (3.1) Boron town exit. 
 
To the north are a collection of hills (Hill 2637). They are capped by metamorphosed quartz latite (mql) 
which rest on Jurassic-Cretacous quartz monzonite (qm).  
 

 
 

On the north side of these hills is a fault which controls the location of Rio Tinto’s Kramer Borate 
Deposit. North of Hill 2637 this fault places quartz monzonite (qm) to the south against Quaternary 
Older alluvijm (Qoa) to the north. Beyond the older alluvium is Saddleback Mountain. It is mostly quartz 
monzonite (qm) with fault-gounded blocks of Tertiary Saddle Back Basalt (Tsb) …. 
 

 
 
 
…. and Tropico Formation white tuff (Tlt) at the southwest edge. 
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Northwest of Saddleback Mountain is Hill 2998. It is mostly Saddleback Mountain basalt (Tsb) with some 
masses of Tropico white tuff (Tlt). 
 
To the south of Boron is Hill 2681 which is bounded on its south side by the Spring Fault. A 
northwestward projection of the Spring Fault extends it to the east side of Hill 2581. 
 
Mile Next 
 
53.1 (2.3) Rio Tinto Exit. Get off the freeway, then turn right on Borax Road and go north to the  
  Rio Tinto mine. 
 
55.4  Rio Tino Visitor’s Center 
 
Park at the Visitors’ Center. The view north into the Boron Open Pit Mine shows black Saddleback Basalt 
(18.3 Ma, Whistler, 1991) at the base of the section, overlain by the Shale Member, greenish sediments 
that contain white borate minerals. The overlying Arkose Member contains 17 taxa of mid-
Hemingfordian age vertebrates that comprise the Boron Local Fauna (Whistler, 1984). Exhibits and 
videos can be seen inside the museum. 20-mule team wagons, a headframe, and mineral stockpiles for 
young and old collectors are outside (Reynolds, 2002, p.7). 
 
To the southwest of the Visitor’s center is Hill 2480. It is a mass of Jurassic or Cretaceous quartz 
monzonite with Tropico Formation clay-shale on its northwestern flank. 
 
The geology of Kramer deposit has been investigated in detail by several authors (Gale, 1946; Barnard 
and Kistler, 1965, Diblee, 1967; Siefke, 1991, Gans, 2022). A compilation of data about the Kramer 
Deposit is accessible at Wilkerson (2002f). 
 
The Kramer Deposit was so much more profitable to mine than other borate mines in the Death Valley 
area that the other mines eventually shut down. 
 
During the years 1927 and 1928, Pacific Coast Borax began shifting its mining operations to the newly 
discovered Kramer borate deposit in the Mojave Desert, near the present day community of Boron in 
Kern County, Ca. The Kramer deposit consists of a large ore body of borax with kernite and other 
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associated minerals. Early estimates of ore reserves at Kramer were on the order of hundreds of millions 
of tons of relatively high-grade borax (Mulqueen, 2002, p. 23).  
 
The ore from the Kramer deposit was easier to mine, mill and to ship. As a mineral compound, borax 
hardness is lower and its solubility is higher than that of colemanite. These factors make borax a superior 
raw material in the mining, crushing and dissolving processes. Milling costs were far less for processing 
borax ore from Kramer than with the colemanite ore from the Death Valley region. In the milling process 
at Kramer, treating the raw borax to make refined borax required less energy than converting 
colemanite, a calcium borate mineral, into refined borax, a sodium borate product (Mulqueen, 2002, p. 
23) 
 
Phillip Gans (2022) described the stratigraphy and origin of the Kramer Deposit: 
 
A field, petrographic, and geochronologic investigation of mafic volcanic rocks previously mapped as the 
Saddleback Basalt in the vicinity of the Rio Tinto borax deposit at Boron, California, sheds important new 
light on the local eruptive history, age of mineralization, and Miocene stratigraphic framework. 
Exposures in the Kramer Pit, at Saddleback Mountain and Stonehouse and Murok Hills, and in drill holes 
east of the Kramer Pit (east Boron basin) demonstrate that these mafic rocks include both lava flows and 
intrusive sills and that they occur at several levels within Miocene stratigrpahic sections. Petrographic 
characteristics and new 40Ar/39Ar geochronologic data confirm this polyphase eruptive history and 
indicate that mafic rocks previously lumped as Saddleback Basalt (SB) fall into three distinct 
compositional and age groups:  
 
1. “True” Saddleback Basalt: These 20.5 ± 0.3 Ma coarse-grained (diabasic) plag-olvine-cpx basalt lava 
flows commonly have a well-developed diktytaxitic texture and include the “type” SB at Saddleback 
Mountain. Multiple flows occur near the base of the Miocene section, resting directly on Mesozoic 
basement rocks or on rhyolitic pyroclastic and epiclastic deposits.  
 
2. Stonehouse Andesite: These 19.4 to 19.7 (± 0.2) Ma fine-grained, nearly aphyric andesite lavas with 1–
2% small (<200μ) olivine phenocrysts in a plag-rich trachytic groundmass are widely exposed in the 
Murok Hills to the west and north of the Boron deposit, and are intersected by many of the drill holes in 
the east Boron basin. They include at least 4 to 5 flows intercalated in the lower parts of the lacustrine 
sections in the Boron basin, or resting directly on older SB.  
 
3. Boron Basaltic Andesite: These ~19.2 ± 0.2 Ma basaltic andesite lavas and compositionally identical 
sills contain obvious phenocrysts of plagioclase and olivine in a fine-grained plag-rich groundmass. 
Multiple lava flows separated by vesicular rubble horizons are exposed on the north wall of the Kramer 
Pit and in at least one drill hole. Sills of this age are common in the lacustrine shale facies throughout the 
Boron basin, and one of these sills is extensively exposed at the bottom of the Kramer Pit, where it 
directly underlies the main borate ore horizon. The sills are distinguished from flows by their quenched, 
knife-sharp irregular upper and lower contacts. Extensive soft sediment deformation adjacent to sill 
margins and proximity to overlying coeval lava flows suggests these sills were emplaced into wet 
sediments only a few meters beneath the lake bottom.  
 
Distinct ages and mineralogical characteristics of the three mafic rock groups permit better correlation 
among drill holes, surface exposures, and mine workings. True Saddleback Basalt flows are only exposed 
close to the Saddleback Mountain area, whereas the Murok Andesite and Boron Basaltic Andesite flows 
and sills are widespread in the Boron basin and hills to the north and west The Miocene section of 
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lacustrine deposits and overlying arkoses in the Boron basin generally thickens southward towards the 
~E-W striking, north-dipping basin-bounding West Boron fault. At least one significant intrabasin NW-
striking fault separates the east Boron basin into a northern section with abundant 19.2 to 19.5 Ma flows 
and sills, and a southern section that lacks them. This fault likely has a dip-slip (NE side down) 
component and several kilometers of dextral strike-slip displacement. Borate mineralization appears to 
be closely associated (spatially and temporally) with the emplacement of the 19.2 Ma basaltic andesite 
sills, as it occurs mainly in claystones directly above the sills, and the age of mineralization is tightly 
bracketed by ash layers to have occurred ~ 19.2 Ma. The combined stratigraphic and structural relations 
support a general model for borate mineralization that includes the following elements: (a) Development 
of an asymmetric (half-graben) Miocene extensional basin, beginning ~19.5 Ma, bound on the south by a 
N-dipping normal fault, with lacustrine deposits accumulating sytectonically in the proximal part of the 
hanging wall; (b) Eruption and sub-lacustrine emplacement of extensive basaltic andesite sills into wet 
lake sediments just below the lake floor at ~ 19.2 Ma, accompained by the development of a sub-
lacustrine hydrothermal system/hot springs and possible changes in the chemistry and/or temperature 
of the lake waters, promoting precipitation of borates; (c) Subsequent burial of these borates beneath 
additional lacustrine shale and progradation of arkosic fanglomerate and sandstone covered and 
preserved the borates. The ultimate source of the boron-rich magmatically driven hydrothermal fluids is 
speculative, but might have involved Miocene hydrothermal leaching of boron from underplated marine 
sediments of the Rand Schist inferred to underlie the region in the shallow subsurface (Gans, 2002, p. 
160). 
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Figure 15. Figure 3 of Gans (2022) Generalized stratigraphic column for the upper Tropico Group 
 
Return to Interstate I-40. 
 
Mile Next 
0.0 (2.4) Reset odometer at the I-40 on-ramp. Proceed west toward Mojave. 
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MAP 22: Rogers Lake Area 
 
2.4 (3.1) Cross from Quaternary alluvium  (Qa) to Quaternary windblown sand (Qs). 
 
Hill 2568 is to the north 
 
5.5 (1.4) Cross from Quaternary windblown sand (Qs) to Quaternary Clay-silt mudflats (Qcs) 
 

 
 
To the north-northeast of this point (5.5) there are three drill sites: Leopold, Balling I and Marshal Bend. 
These were exploration programs in search of additional clay reserves for the Muroc Clay Mine. 
 
6.9 (2.0) Viewpoint: Rodgers Dry Lake 
 
ROGERS DRY LAKE 
 
Rogers Dry Lake is a part of Pleistocene Lake Thompson (Dibblee, 1967). Cuddyback Lake may also have 
connected to Rodgers Dry Lake (Kaldenberg, 2011). During the Pleistocene, Rodgers Lake and Rosamond 
Lake made up one body or water. 
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Figure 16. Rosamond dry lake to the lower left. Rodgers dry lake on the right. From 2019 satellite photo. 
 
Rogers Dry Lake (also known as Muroc Dry Lake), at Edwards Air Force Base in California, has been used 
by the U.S. military since 1933 when a small advance party from March Field in Riverside came to design 
a bombing range for the Army Air Corps. The area proved ideal for flight, with 350 days a year of flying 
weather and the lake providing a ready-made emergency landing field; four years later the entire Air 
Corps was performing bombing and gunnery maneuvers here. The south end of the lake was used during 
World War II for training P-38 Lightning fighter pilots and B-24 Liberator and B-25 Mitchell bomber 
crews. A realistic 650-foot replica of a Japanese Navy heavy cruiser, dubbed "Muroc-Maru," was used for 
strafing, identification and skip bombing practices before being removed in 1950 (NPS, 2023). 
 
Col. Benjamin W. Chidlaw and Lt. Col. Ralph P. Swofford chose Muroc Dry Lake in 1942 as the testing 
location for the then secret Bell-built XP-59A jet airplane. In September, America's first turbojet arrived 
at Muroc. Since 1942, Edwards Air Force Base (Muroc Air Force Base) and its tenant, the NASA Ames-
Dryden Flight Research Facility have played a leading role in advancing the capabilities of aerospace 
technology. Lakebed Runway 18 was typically the landing facility for the X-15, a hypersonic research 
vehicle that flew for nearly a decade at Edwards. Edwards Air Force Base also served as a support facility 
for flight operations of the NASA Space Shuttle Orbiter. NASA Space Shuttles, launched from Kennedy 
Space Center, have utilized Lakebed Runway 23 as a landing strip. Many participants of Edwards Air 
Force Base's flight testing programs have also played major roles in the American manned spacecraft 
program, notably NACA-NASA administrator Dr. Walter Williams and test pilot-astronauts Donald 
Slayton, Michael Collins, Neil Armstrong and Joseph Engle. Rogers Dry Lake made possible the 
development and testing of generations of American aircraft, leading to the Space Shuttle (NPS, 2023) 
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Hill 2518 is north of this viewpoint of Rodgers Dry Lake. That hill is composed of Tertiary Saddle Back 
basalt (Tsb) on its south side and sandstone (Ts) on its north side (Dibblee and Minch, 2008n). 
 

 
 
To the south of viewpoint 6.9 is the Muroc Clay mine on the northeastern shore of Rodgers Lake. 
 
MUROC CLAY MINE 
 
The property comprises 160 acres and is a patented placer claim. The Muroc clay deposit was first 
developed by William H . Allen Jr., who purchased it for $25,000 about 1928. The mine was operated 
nearly continuously until about 1945. Only a small tonnage of clay was mined during the 1940s and the 
mine has been idle since 1945. The total production is estimated to be about 40,000 tons (W. Herbert 
Allen, personal communication, 1958) (Troxel and Morton, 1963, p. 74).  
 
The clay deposit is exposed on the west, east, and north sides of a low hill near its base. The clay occurs 
as a single layer intercalated in a series of lacustrine sediments and capped by basalt. This series is 
Miocene? in age and is included in the lower part of the Tropico group which also crops out in the Castle 
Butte area about miles northwest of the Muroc deposit (Dibblee, 1958, p. 139). The strata exposed at 
Castle Butte have an aggregate thickness of 1,445 feet and consist principally of lithic tuff, limestone, 
clay shale, arkosic sandstone, and basalt. Dibblee assigns all beds below the basalt to the lower part of 
the Tropico group. At the Muroc mine only tuff, clay, and basalt are exposed (Troxel and Morton, 1963, 
p. 74).  
 
The clay layer is about 6 feet thick and is exposed for about 400 yards along the strike. It overlies a tuff 
unit that has an exposed thickness of about 30 feet. The clay is overlain by about 35 feet of tuff, swelling 
bentonite, and ash, and about 10 feet of basalt. The beds dip generally 20 degrees or less. A normal fault 
of small displacement strikes northeast through the deposit and the north block is dropped down (fig. 31) 
(Troxel and Morton, 1963, p. 74).  
 
The clay is non-swelling, hard, nearly pure white, and breaks with a hackly fracture. The newly mined 
clay has a high moisture content (table 7) which is rapidly dissipated on exposure to air (Troxel and 
Morton, 1963, p. 74). 
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Figure 17. Chemistry of the Muroc clay mine. From Troxel and Morton, 1962, p. 75. 

 
The deposit has been developed by numerous vertical and inclined shafts, adits, and trenches. Drifts into 
the clay bed were extended from the shafes and adies. These openings were made at various places 
around the exposed part of the deposit. Apparently as each underground working became too extensive, 
a new: one was driven from the surface to shorten t he haulage distance. Most of the workings were 
caved at the time that the deposit was visited in ,1958. The present lessee has since filled in all but one 
access to the underground workings (Troxel and Morton, 1963, p. 74). The clay was mined by hand and 
stored on drying racks on the north side of the deposit. After drying for several weeks the clay was 
transported to Muroc, formerly a station on the Santa Fe Railroad, from where it was shipped to the 
company's milling plant at Maywood. There the clay was kiln dried, ground, and sacked (Troxel and 
Morton, 1963, p. 74).  
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Figure 18. Map of Muroc clay mine. From Troxel and Morton, 1962, p. 76. 
 
The clay was marketed wholesale for $15 to $17 per ton and retail for $20 to $30 per ton. Most of the 
clay was marketed in the Los Angeles area where it was used as an adsorbent in refining petroleum 
products, but much of it went to the Mid-west states especially to the MidContinent Oil Company in 
Oklahoma. The freight rate at that time was about $15 per ton. Some of the clay also was sold in Texas 
(Troxel and Morton, 1963, p. 74). 
 
The Muroc clay is a naturally active and activatable clay and thus can be classified as a fullers earth. At 
the time that the Muroc deposit was being mined the activation process was protected by patents which 
were unavailable to the operators of the Muroc deposit. The natural adsorptive properties of the clay 
were not as great as those of clay that had been activated, and it was difficult for the Muroc clay. to 
comp.ete in the market. When the patent rights expired the owners of the Muroc mine believed it was 
nearly worked out and that the cost of building an activation plant to treat the remaining clay was not 
warranted. The mine was a marginal operation and during SOme years it was operated at a loss (W. 
Herbert Allen, personal communication, 1958 (Troxel and Morton, 1963, p. 74-75), 
 
8.9 (0.4) Cross from Quaternary Clay-silt mudflats (Qcs) to Quaternary windblown sand (Qs) 
9.3 (4.1) Murock Fault 
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The Muroc Fault, striking northwest from this point, forms the southwest boundary of granite-
dominated Hill 2512 to the northwest. It may extend to the southeast past the eastern edge of Rodgers 
Dry Lake and connect to the Blake Ranch Fault at Hill Ranch near Highway 395 and north of George Air 
Force Base (Bortugno and Spittler, 1986). 
 
13.4 (1.1) Viewpoint.  To the south are Hills 2698 and 2702. They are composed of Jurassic or  
  Cretaceous quartz monzonite (qm)(Dibblee and Minch, 2008n). This same unit is in Hill  
  2512 to the north-northwest. That block of quartz monzonite is bounded on its   
  southwest side by the Muroc Fault (Dibblee and Minch, 2008o). 
 
MAP 23: East of Mojave 
 
14.5 (4.2) Cross from Quaternary alluvium (Qa) to Jurassic or Cretaceous quartz monzonite  
  (qm)(Dibblee and Minch, 2008n). 
 
On the right (north) we look across the western flank of Hill 2841. At the northeast end of Hill 2841 is a 
small butte of Saddleback basalt (Tsb).  
 

 
 
On the northeast side of this butte is the Muroc Fault. It marks the southwestern edge of Hill 2775. This 
hill is entirely underlain by Jurassic or Cretaceous quartz monzonite. On the northeast side of Hill 2775 
are “Twin Buttes” (Desert Butte and Hill 2752). These are plugs of Tertiary dacite (Dibblee and Minch, 
2008n). 
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18.7 (0.9) Cross from Jurassic or Cretaceous quartz monzonite (qm) to Quaternary wind-blown 
   sand (Qs)(Dibblee and Minch, 2008n). 
 
 To the right (south), we look across outcrops of quartz monzonite to Brown Butte. The north side of 
Brown Butte is Miocene Gem Hill Volcanics lithic tuff (Tgt). This formation has a collection of 
volcaniclastic flows and  pyroclastic rocks. 
  

 
 
The south side of Brown Butte is Miocene to Pliocene Bissel Hills Formation shale (Tbl). 
 

 
 

In circa 1909, the Bissel Magnesite Clay mine in the Brown Butte Group was discovered. It has swelling 
bentonite and sedimentary magnesite beds. It was leased to the Rex Plaster Company 1914–1916 and 
mined by the International Magnesite Company in 1917 and 1918. Through 1923 it had a total 
production of 15,757 tons. It was owned by the Southern Pacific Company in 1961 (Troxel and Morton, 
1962, p. 76 and 237; Wilkerson, 2020, p. 112). 
 
Mile Next 
 
19.6 (0.4) Cross from Quaternary wind-blown sand (Qs) to Quaternary alluvium (Qa)(Dibblee and  
  Minch, 2008n) 
 
21.0 (1.8) Viewpoint. To the right (south) is De Stazo Hill. It is made up mostly of Jurassic or 
  Cretaceous quartz monzonite with dike-like masses of Gem Hill Volcanic felsite (Tgf)  
  and some lithic tuff (Tgt)(Dibblee and Minch, 2008o). 
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22.8 (2.4) Viewpoint. To the right (south) is Sanborn Hill. This hill exposes felsit of the Gem Hill  
  Volcanics (Tgf) surrounded by Older quaternary alluvium (Qoa) (Dibblee and Minch,  
  2008o). 
 
LADD MINE 
 
Sanborn Hill has the Ladd Mine. 
 
In an open cut on the northeast slope of the butte is a series of small fractures which strike northeast in 
the rhyolite. These fractures are 6 to 8 inches wide. Samples cut are reported to carry $3.00 per ton in 
gold. On the south slope of the butte, a trench 100 feet long by 6 feet deep cuts the rhyolite, which 
strikes east, and dips 60° N. In the north end of this trench is a 4-foot vein of brecciated quartz. Samples 
cut across the 4 feet are reported to assay $3.00 per ton in gold. There are also a number of trenches 
east of the main trench, which are 10 feet apart for a distance of a quarter of a mile. On a parallel quartz 
vein 4 feet in width, which strikes east and dips 80° N., a shaft has been sunk 35 feet, and at the bottom 
of the shaft a crosscut has been driven 25 feet north. Samples taken from vein are reported to carry 
$4.00 per ton in gold (Tucker and others, 1949. P. 227). Note: this would approximate a grade of 1/8 oz 
Au per ton. 
 
There is a 35 foot shaft and several trenches, one 100 feet long by 6 feet deep. The workings expose two 
parallel 4-foot wide quartz veins that strike east and dip steeply north in rhyolitic rock (Southern Pacific, 
1964, p. 45-55). 
 
Mile Next 
 
25.2 (1.9) Viewpoint. On the left, to the south is Hill 2805. This small hill has outcrops of Gem Hill  
  Volcanics felsite (Tgf) as well as lithic tuff (Tgt). Between these two volcanic units is a  
  small body of Jurassic or Cretaceous quartz monzonite (qm). 
 
MOJAVE 
 
Mile Next 
 
27.1 (2.1) Junction: Mojave-Barstow Highway and Interstate I-14. 
 
29.2 (0.8) Standard Hill on the left (west). The hill is dominated by Gem Hill Formation felsite (Tgs).  
  This was the first heap-leach operation in the Mojave Mining District. The  felsite forms 
  dikes in Jurassic or Cretaceous quartz monzonite on the southwest side of Standard Hill. 
 
30.0 (2.2) Silver Queen Road Exit. Get off Interstate I-14. At Silver Queen Road, turn right and go  
  east toward Solidad Mountain.  
 
32.2 Golden Queen Mine Offices 
 
MOJAVE MINING DISTRICT 
 
A compilation of data about the Mojave District is available at Wilkerson (2022e) and Wilkerson (2020). 
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The gold and silver mines of the Mojave District are all epithermal fissure veins of quartz with gold, silver 
and assorted sulfide and oxide mineals. We focus on four areas in the district: 
 

AREA PRIMARY MINE 

Middle Butte Cactus 

Elephant Butte/Standard Hill Whitmore 

Soledad Mountain Golden Queen 

Willow Springs Butte Milwauke 

 
The oldest rocks in the district are Paleozoic metasediments. The gold/Silver mines are hosted by 
Miocene Gem Hill volcanics that rest on Jurassic/Cretacous quartz monzonite (Dibblee and Minch, 
2008o, 2008p).  The high-grade quartz veins sometimes ran 20 oz Au/ton and 150 oz Ag/ton (Troxel and 
Morton, 1962).  Much of the mining here terminated after WWII and was revived in the 1980’s after 
President Nixon’s administration took the U.S. off of the gold standard for monetary policy in 1971. The 
Low-grade pyritic haloes of the high-grade quartz veins were first mined by heap leaching technology in 
1986 at the Cactus Mine and in 1987 at the Whitmore Mine and in 2010 at the Golden Queen Mine 
(Vredenburgh, 2020). The Cactus and Whitmore have closed, and the Golden  Queen operations have 
expanded due to increased price of gold commencing in 2015. 
 
There is an interesting pattern of regional faulting in the Mojave District associated with right-lateral 
sheer. 
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END OF DAY 02 FIELD TRIP 
 
 


