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Figure 1. (Location on map) Recent excavation exposing the lower contact of the Palisades sill with arkosic Stockton Formation (40.79352, -73.99805). Stringers of arkosic sandstone xenoliths are visible above and parallel to the 
main contact. A thin sill is evident just below the main igneous contact. The igneous contact and Stockton beds descend to the north. Just outside the right side of photograph the diabase is at ground level. The exposure to the far 
south (left side) of the photograph is a artificial outcrop-like structure created on grout to prevent the bedrock from weathering and falling into the parking lot. Grout has also been sprayed along the diabase-Stockton contact on the 
right side of the photograph.

Figure 2. (Location shown on map) Outcrop remaining from the Granton quarry (40.8074096, -74.0184073), famous for its fossil fish and reptiles (Olsen,1980c). Lockatong hornfels are evident to the east (right side of photograph). Diabase caps 
the exposure half way across the hill and thickens to the west (left side of the photograph).

INTRODUCTION

The New Jersey portions of the Weehawken and Central Park, NY-NJ 7 1/2-minute quadrangles are dominated by the 
Palisades ridge in the east and the Hackensack Meadowlands in the west. The broad north-south trending Palisades 
ridge, aligned parallel to the Hudson River, is the dominant topographic feature. It has steep to locally sheer cliffs on the 
east that extend to a narrow lowland region along the banks of the Hudson River. This lowland area is increasingly under 
the pressure of development due to its proximity to and vistas of New York City directly across the Hudson River. 
Westward across the Palisades’ broad crest the ridge slopes gently into the Hackensack Meadowlands, a low lying area 
blanketed by Pleistocene to Recent surficial sediments deposited in glacial and fluvial environments (Salisbury, 1902; 
Parillo, 1959; Stanford and Harper, 1991, Stanford, 1993, 2010). Increased development in the Hackensack 
Meadowlands to the west of the Palisades continues to reduce the remaining unpreserved open space.

STRATIGRAPHY

The bedrock in the quadrangles is of Mesozoic age and consists of sedimentary and plutonic formations of the Newark 
Basin, a rift basin formed during the breakup of the supercontinent Pangaea. The Newark basin is a half-graben bounded 
on the northwest by a series of northeast-striking, southeast-dipping border faults. Sequential fault movement from Late 
Triassic to Early Jurassic time on backstepping normal faults along the northwestern margin controlled basin morphology, 
and thereby sediment-depositional patterns within the basin (Schlische, 1992, Olsen and others, 1996). Episodic, 
periodic motion on the faults encreased sediment input into the basin from northern and western Highlands sources as 
well as from the southern Piedmont rocks currently covered by younger Coastal Plain units. A strong basin-parallel 
sedimentation trend exhibiting a northern provenance filled the mapped region of the Newark Basin. Other 
Highland-sourced fluvial sediments entered the basin by way of rider blocks between backstepping boundary faults west 
of the main border faults. Schlische (1992, 1993) suggested that movement along several major intrabasinal faults in the 
central part of the basin controlled depositional centers, as evidenced by regional sediment thickness patterns. Recent 
reconstructions of the Newark basin suggest the majority of intrabasinal faulting postdated deposition of the basin 
sediments (Withjack and others, 2013). Deformation and synchronous sedimentation continued into the Early Jurassic 
(Malinconico, 2010) when extensional faulting ceased. Most tectonic deformation is of Late Triassic to Middle Jurassic 
age (Lucas and others, 1988; de Boer and Clifford, 1988). Compressional stresses began with the opening of the Atlantic 
Ocean.  Several generations of mafic magma intruded the basin sediments, and some reached the paleosurface 
regionally to form thick basalt volcanics west of the mapped area. Magmatic activity took place during the latest Triassic 
and Early Jurassic. Newark Basin rocks have continued to erode from the Jurassic to the present and have supplied 
sediment to the Atlantic coastal region (Poag and Sevon, 1989; Pazzaglia, 1993).    
 
Three sedimentary formations of Triassic age are identified in the map area. From youngest to oldest they are the 
Passaic, Lockatong and Stockton formations. Parker and others (1988) and Parker (1993) subdivided the Passaic 
Formation in the northern Newark Basin into several coarsening-upwards facies and along strike from southwest to 
north-northwest. A near-source conglomerate-to-sandstone sequence at the northern edge of the basin and to a lesser 
extent along its western margin grade southward into the more distal, finer, mudstone-dominated beds within the mapped 
area. Sandstone beds dominate outcrops along the ridges immediately west of the Hackensack Meadowlands. Drillers‘ 
logs, though only supplying limited data to subdivide the Passaic, also suggest sandstone west of the Meadowlands. 
Shale was more commonly recorded under the Meadowlands in the drillers’ logs. Siltstone and mudstone dominated 
over fine sandstone in limited outcrops across Secaucus, in Hudson County, NJ. Decreasing abundance of sandstone 
allowed the separation of the Passaic in the map area into a western sandstone facies and eastern siltstone facies. 
Passaic Formation sediments are predominantly reddish-brown and to a lesser extent gray and black. These sediments 
were deposited in lacustrine and marginal lacustrine environments. Gray and black beds represent the deepest lake 
environments (Olsen and others, 1996). 

The Lockatong Formation along the Palisades includes two main facies: an upper, coarser-grained, light-colored arkosic 
to feldspathic sandstone, and a lower, black siltstone and mudstone interbedded with arkosic to feldspathic sandstone 
(Parker, 1993; Drake and others, 1996, Monteverde, 2011, Volkert, 2016).  Parker and others (1988) placed the upper 
arkosic facies in the Stockton Formation and classified only the siltstone/argillite sediments as Lockatong.  They 
suggested that the Lockatong thinned to the northeast and was replaced by the Stockton.  Olsen (1980a, 1980b, 1980c) 
and Olsen and others (1989) mapped the Lockatong as a single lithologic unit and described cycles containing a thinly 
bedded siltstone grading upward to a laminated fine siltstone that can be calcareous and into a thickly bedded siltstone 
to sandstone. This cyclicity marks the initial transgressive lake filling stage followed by maximum flooding and lastly, into 
a regressive phase marked by the coarser grained deposition. These cycles and similar sedimentary transitions within 
the Passaic Formation have been correlated throughout the Newark Basin (Olsen, 1980b, 1980c, Olsen and others, 
1996). The cycles are separated by beds of dark gray argillite.  The arkosic facies of the Lockatong as mapped here 
lacks exposed siltstone interbeds.     

The Lockatong lenses into either the Passaic or Stockton within the northern Newark Basin (Olsen, 1980b, 1980c).   
Differentiation in the map area between the Lockatong and Stockton formations above and below the Palisades sill is 
based on the work of Olsen and Rainforth (2001) and Olsen and others (2004).  Sedimentary structures aid in 
distinguishing the lacustrine Lockatong from the fluvial rocks of the Stockton. Olsen and Rainforth (2001) strongly 
suggest that beds mapped here as the Stockton are time-equivalent to the upper Lockatong.

The Stockton Formation is an arkosic sandstone and coglomerate which unconformably overlies metamorphic rock of 
probable Paleozoic age. It becomes finer grained upwards towards a gradation contact with the Lockatong. Olsen and 
others (2004) suggests the eastern edge of the Stockton ends in midchannel of the Hudson River.

Serpentinite has long been known to occur in Hoboken (Nuttall, 1822, Rogers, 1840). Regionally it is commonly found 
with the schist and associated gneiss that forms the basement for the Stockton sediments. Originally thought to be a 
continuation of the Manhattan (Hudson) Schist (Lewis and Kummel, 1915; Drake and others, 1996), the schist 
associated with the serpentinite now is better correlated, based on mineralogy, with the Hartland Formation (Brock and 
Brock, 2001, Merguerian and Moss, 2006). Both the schist and serpentinite were identified in boreholes in the Hudson 
River for construction projects. Volkert (2016) in his mapping of the serpentinite along the Hoboken waterfront suggests a 
correlation with similar serpentinite bodies in Staten Island, NY, New England and southern Quebec, CA and concluding 
an Upper Cambrian to Lower Ordovician age. The serpentinite and the Hartland Formation form the basement for the 
nonconformably overlying Stockton.  

PALISADES SILL

The Palisades is a high-titanium quartz-normative tholeiite (Husch, 1990, Gorring and Naslund, 1995, Dickson, 2006) 
that varies in composition between diabase and gabbro (Olsen and others, 2004).  Olivine is a dominant mineral in a 
layer approximately 45 ft (14 m) above the base of the sill (Lewis, 1908, Husch, 1990, Gorring and Naslund, 1995).  
Studies propose that the Palisades was intruded in multiple pulses. Two (Walker, 1969), three (Block and others, 2004; 
Block, 2006) to potentially four individual magmatic pulses (Shirley, 1987, Steiner and others, 1992) have been proposed.    
Block and others (2004) and Block (2006) propose that the different magmatic pulses can be correlated to the basalt 
formations cropping out farther to the west in central New Jersey.  Puffer and others (2009) suggested the sill inflated 
three times with separate magmas with the oldest chemically linked to the Orange Mountain Basalt. The younger two 
magmas are linked to the three volcanic pulses of the Preakness Basalt. Mineral banding in the upper part of the sill has 
been attributed to crystalline magma compaction (Steiner and others, 1992, Block and others, 2004, Block, 2006) and to 
settling of crystals formed during cooling near the sill’s roof (Philpotts and Dickson, 2002; Dickson, 2006).

The Palisades is part of the extensive Central Atlantic Magmatic Province (CAMP) represented by igneous rocks in 
South America, Africa and Europe as well as North America (Marzoli and others, 1999). Dunning and Hodych (1990) 
used zircon and baddeleyite to calculate a mean U/Pb age of nine samples of 200.9+/-1.0 million years (Ma). More 
recently Marzoli and others (2011) suggested that diabase intrusion of the sill continued for a longer time than the 
extrusion of the basalts of the Newark Basin. 40Ar/39Ar dates from the sill yield a range from 202.8+/-1.8 Ma to 
195.1+/-2.1 Ma. Blackburn and others (2013) recorded a high precision date for the sill at 201.520+/-0.034 Ma. They 
suggest that CAMP had a duration of 600,000 years. The sill is labeled as both Triassic and Jurassic in age on the map 
as its proposed intrusion history spans the identified boundary between the two periods (Hillebrandt and others, 2013). 
These igneous rocks mark the initial stages of the breakup of the supercontinent of Pangaea. Natural exposures of the 
basal contact between the diabase and underlying sedimentary units are limited, however recent construction has 
created several large outcrops that expose the contact with either the Lockatong or Stockton sediments (figure 1).

The erosion-resistant rock of the Palisades sill has controlled landscape development and created a dominant 
north-south trending ridge immediately west of the Hudson River. Several isolated exposures of the diabase exist west of 
the main igneous body. The best known is in the former Granton quarry in North Bergen, Hudson County, NJ which was 
active for several decades until the 1960s. The quarry exposed hornfels of the Lockatong Formation as well as diabase. 
The hornfels has yielded numerous scientifically-significant paleontological discoveries, predominantly fish and reptiles 
(Van Houten 1969, Olsen and others, 1989, Olsen and Rainforth, 2001). The majority of the quarry is now developed but 
one large exposure (figure 2) and several smaller ones still remain and continue to be visited during geological field trips 
(Olsen and others, 2016). In addition to the Granton quarry, two large igneous outliers exist in the south of the mapped 
area. The largest is Laurel Hill (Puffer and Benimoff, 1997) which has been cut by the NJ Turnpike. Several other 
possible small isolated intrusive bodies have been recorded by drilling projects (Stanford, 1993).

STRUCTURE

Several small faults cut across the diabase-hornfels contact. Kummel (1898) describes two normal faults trending 
northerly and northwesterly near Hoboken. He depicted shales down-dropped on the eastern hanging wall of the western 
fault. Fluhr (1941) and Sanborn (1950) also mention this fault. Fluhr (1941) offers a good description of the structure 
encountered during construction of the Lincoln Tunnel. His interpretation was used in construction of the map in that 
area. NJGWS permanent notes describe a borehole drilled in 1935 that bisected this fault. Darton and others (1908) and 
Kummel (1898) describe surface exposures and borehole data that encountered only baked shale to a depth of 125 ft 
(32 m). Due to urbanization no evidence of this shale was found. Immediately to the east at Kings Bluff, Olsen (1980c) 
describes a small fault originally mapped by Fluhr (1941) separating Lockatong hornfels from Stockton arkosic 
sandstones. Olsen (1980c) traced this northwest dipping normal fault farther northward to where it cuts into the 
Lockatong-diabase contact. Still farther north at the southern boundary between Cliffside Park and Edgewater, Bergen 
County near the New York-Susquehanna and Western Railroad Tunnel, this mapping confirms several small normal 
faults cutting the lower diabase contact as noted by Kummel (1898) and Parker (1993).

Lewis (1908) described crushed rock along 4 ft (1.2 m) wide shear zones that extend almost 2 miles (3 km) across the 
northern boundary of the mapped area in the city of Englewood, Bergen County, NJ. Merrill and others (1902) mapped a 
east dipping normal fault across this zone. Parker (1993) continued this fault with normal displacement of hornfels on the 
east or hanging wall side of the fault. Monteverde (2011) failed to identify structural evidence of this fault and suggested 
an igneous contact instead for the apparent offset. Review of historical evidence as well as investigations of the diabase 
structures farther to the south appears to substantiate the work of Parker (1993) in the existence of the normal fault 
offset. 
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DESCRIPTION OF MAP UNITS

Diabase (Lower Jurassic to Upper Triassic) - Fine-grained to aphanitic dikes (?) and sills and a medium-grained, 
discordant, sheet-like intrusion of dark-gray to dark greenish-gray, sub-ophitic diabase; massive-textured, hard, and 
sparsely fractured. Composed dominantly of plagioclase, clinopyroxene, and opaque minerals. At the Palisades sill, an 
olivine zone occurs approximately 45 ft (14 m) above the base.  Finely-laminated horizons occur in the upper third. 
Contacts are typically fine-grained, and display chilled, sharp margins adjacent to their contact with sedimentary rocks.  
Internal chilled horizons have been observed by Steiner and others (1992), Block and others (2004) and Block (2006).   
Thickness of the Palisades sill diabase in the quadrangles, is approximately 1,300 ft (396 m).

Passaic Formation - (Upper Triassic) (Olsen, 1980a) - Interbedded sequence of reddish-brown to maroon and purple, 
fine- to coarse-grained arkosic sandstone and less common, siltstone, shaly siltstone, silty mudstone and mudstone, and 
less common olive-gray, dark-gray, or black very fine sandstone, siltstone, silty mudstone, shale and lesser silty argillite.  
Regionally the unit coarsens towards the north and northwest and fines towards the southwest. Reddish-brown arkosic 
sandstone and siltstone are thin- to medium-bedded, planar to cross-bedded, micaceous, and locally mudcracked and 
ripple cross-laminated. Root casts and load casts are common. Reddish-brown siltstone is medium- to fine-grained, thin- to 
medium-bedded, planar to cross-bedded, micaceous, locally containing mud cracks, ripple cross-lamination, root casts and 
load casts.  Shaly siltstone, silty mudstone, and mudstone are fine-grained, very thin to thin-bedded, planar to ripple 
cross-laminated, locally fissile, bioturbated, and contain evaporite minerals. Gray and black sandstone to mudstone form 
marker beds within the dominantly reddish-brown sediments (�pg). Copper mineralization may be present in the gray and 
black beds. Unit forms rhythmically fining upward sequences up to 15 feet thick. Thermally altered to dark gray to purple 
(�psh). Unit is approximately 11,000 ft (3,353 m) thick in the map area.

Lockatong Formation (Upper Triassic) (Kummel, 1898) - Cyclically deposited sequences of mainly gray to greenish-gray, 
siltstone and white to buff arkosic sandstone and local pebble conglomerate. Siltstone is medium- to fine-grained 
thin-bedded, laminated, platy to massive. Arkose (TRla) has affinities with the Stockton Formation and is massive to 
cross-bedded with symmetrical crossbedding indicating bi-directional flow. Thermally altered to dark gray to black hornfels 
(TRlh), can contain plagioclase, orthoclase and recrystallized diopside in arkose and calc-silicate minerals such as 
grossularite, diopside and prehnite in siltstone beds and biotite and albite in finer grained beds  (Olsen 1980c, Van Houten, 
1969). Lower contact is gradational into the Stockton Formation and placed at base of lowest continuous black siltstone 
bed (Olsen, 1980c).  Maximum thickness of unit regionally is about 700 ft (213 m) (Parker, 1993).    

Stockton Formation (Upper Triassic) (Kummel, 1898) - Unit is interbedded sequence of gray, grayish-brown, or slightly 
reddish-brown, medium- to fine-grained, thin- to thick-bedded, poorly to moderately sorted to clast imbricated 
conglomerate, planar to trough cross-bedded, and ripple-cross laminated arkosic sandstone, and reddish-brown clayey 
fine-grained, sandstone, siltstone and mudstone. Sedimentary structures indicate unidirectional flow.  Coarser units 
commonly display erosional bases, are locally graded and can include channel structures; finer units may be bioturbated. 
The formation consists of fining upwards cycles. Upper section of unit is thermally metamorphosed (TRsah) where in contact 
with Palisades Sill.  Lower contact, not exposed, is an erosional unconformity.   Thickness is approximately 750 ft (229 m) 
according to Olsen and others (2004).

            Allochthonous Rocks (Transported Iapetan sequence)

Hartland Formation (Middle Ordovician to Middle Cambrian) (Hall, 1976) – Heterogeneous sequence of interlayered tan to 
gray-weathering, gray, fine- to coarse-grained schist composed of muscovite + biotite + garnet  + quartz + plagioclase ± 
sillimanite and/or kyanite;  gray, fine-grained gneiss composed of quartz + feldspar ± biotite and/or garnet; and dark 
grayish-black amphibolite composed of quartz + biotite + hornblende. Only identified in the map area in boreholes drilled in 
the Hudson River. Maximum thickness in the map area is unknown. 

Serpentinite (Lower Ordovician to Upper Cambrian?) – Light yellowish-green to dark green, fine-grained, contains olivine, 
orthopyroxene, and chromian spinel. Mostly found altered to serpentine minerals and commonly associated with light 
green, medium-grained talc and magnesiohornblende-bearing rocks. Found in boreholes drilled in the Hudson River and to 
the south in the Jersey City quadrangle (Volkert, 2016). Maximum thickness in the map area is unknown.
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Bedrock Geologic Map of the New Jersey Portions of the Weehawken and Central 
Park Quadrangles, Bergen, Hudson and Passaic Counties, New Jersey 

 
New Jersey Geological and Water Survey 

Geologic Map Series GMS 18-1 
 

Pamphlet with Table 1 to accompany map 
 
 

Table 1. Selected well and boring records. 
 
Boring logs from New Jersey Department of Transportation soil boring logs 
http://www.state.nj.us/transportation/refdata/geologic/ 
 
Map number Identification  Depth (ft) recovered material 
A-1  Log ID - B0022275    0-3  surficial gravel + sand  

Plan ID - P0001909    3-3.6     rock, siltstone, gray, medium to hard 
Boring Label – B-15 

 
A-2  Log ID - B0022284    0-4.8  surficial sand  

Plan ID - P0001912    4.9-6.4     rock, sandstone, gray/white, medium to hard 
Boring Label – B-24 

 
A-3  Log ID - B0007963    0-19.5  surficial gravel + sand  

Plan ID - P0000424    19.5-24.5 core 54% recovery, 2.7 ft hornfels, black 
Boring Label - 540W-3     arkose, lt brown, fine grained 

 
A-4  Log ID - B0007949    0-35.7  surficial gravel, sand, silt + clay   

Plan ID - P0000423    35.7-42.5 hornfels, black + white, thinly bedded 
Boring Label - 540W-13      

 
A-5  Log ID - B0009739    0-12.07 surficial gravel + sand  

Plan ID - P0000603 12.07-13.57 sandstone, dk red to buff, fine to medium 
Boring Label – PB-8 grained, slightly weathered, 0.15m shale at bottom 

 
A-6  Log ID - B0022281    0-4.7  surficial sand  

Plan ID - P0001910 4.7-6.7  siltstone, gray, v. soft to hard, close to med.  
Boring Label – B-21A spaced discontinuities  

 
A-7  Log ID - B0022277    0-4.0  surficial sand + gravel  

Plan ID - P0001909 4.0-6.7  siltstone, dark gray, hard, fresh, horizontal  
Boring Label – B-17 joints, vertical fractures  

 
A-8  Log ID - B0022274    0-4.0  surficial sand + gravel  

Plan ID - P0001906 4.0-5.5  siltstone, gray, medium to hard, close to  
Boring Label – B-1 medium spaced discontinuities  

 
A-9  Log ID - B0016491    0-6.5   surficial sand, silt + gravel  

Plan ID - P0001309 6.5-16.5   sandstone, dark red brown  
Field number – B-20  

 
A-10  Log ID - B0016474    0-10.2   surficial sand, silt + gravel  

Plan ID - P0001305 10.2-15.2  cored interval 31% recovery, yellow brown to  
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Field number - B-23 white sandstone and gneiss 
 15.2-20.2  cored interval 53% recovery, gray basalt (3 in), 

pinkish brown f sandstone 
 
A-11  Log ID - B0011158    0-8.5   surficial sand, silt + gravel  

Plan ID - P0000657 8.5-23.5   gray diabase, medium grained, slightly  
Field number - D-55 weathered 

 
Abbreviated well logs from the Trans-Hudson Express (THE) Project for proposed Hudson River tunnel in 
2007. Project was cancelled. Logs on file at the NJGWS. Well number is bolded; PE number is project well 
identifier 
 
277  PE-128W 
0-52 surficial material 
52-56 light yellow-gray and white-gray with occasional dark gray, mixed m-f grained and f-grained sandstone 
56-66 light-medium-dark gray and light tan mixed siltstone; fine grained and m f grained sandstone; with few 

coarse grained arkosic sandstone; thin to very thin bedded c-f grained arkosic sandstone; dark and light 
gray, occasionally discolored orange-brown, m-f grained arkosic sandstone 

66-76 light tan to brownish-gray mottled dark gray, interlayered f-grained and m-f grained sandstone and m-f 
grained and c-f grained arkosic sandstone 

76-81 light tan-gray c-f grained arkosic sandstone 
 
278  PE-222 
0-35  surficial material 
35-40 light gray mottled brown, m-f grained arkosic sandstone; light tan and gray mottled brown f-grained silty 

sandstone and siltstone 
40-45 light gray mottled brown m-f grained arkosic sandstone 
45-56 light gray mottled brown m-f grained arkosic sandstone; tan-white f-grained silty sandstone and siltstone 

with scattered medium grains; light gray f-grained to m-f grained arkosic sandstone; light gray to 
medium yellow-gray m-f grained arkosic sandstone; medium gray f-grained silty sandstone, diffuse 
turbated bedding 

56-66 medium tan-gray f-grained to m-f grained silty sandstone diffuse very thin bedding; light gray and tan 
layered m-f grained arkosic sandstone, f-grained sandstone and siltstone, diffuse thin to very thin 
bedding. 

66-71 tan f-grained to m-f grained sandstone diffuse medium bedding. gray interlayered c-f grained and m-f 
grained arkosic sandstone 

71-76 gray interlayered c-f grained and m-f grained arkosic sandstone 
76-81 gray mottled brown m-f grained and c-m grained arkosic sandstone, diffuse very thin to medium bedding 
81-86 gray mottled brown, interbedded m-f grained and c-f grained arkosic sandstone, very thin to thin bedding 
86-91 gray mottled brown, interbedded c-f grained and m-f grained arkosic sandstone. light gray mottled 

brown, m-f grained arkosic sandstone. 
91-96 light gray mottled brown m-f grained arkosic sandstone; light tan-white and gray mottled yellow-gray 

siltstone and claystone 
96-101 light gray occasionally mottled brown, m-f grained arkosic sandstone; light tan and dark gray mottled 

orangish-gray, mixed siltstone and f-grained and m-f grained sandstone 
101-112 dark gray to light tan mottled yellow-brown mixed m-f grained and f-grained sandstone and siltstone; 

light tan and gray m-f grained arkosic sandstone interbedded with little f-grained arkosic sandstone 
112-116 light tan and gray, m-f grained and f-grained arkosic sandstone and siltstone; medium to dark gray and 

light tan mixed m-f grained and f-grained sandstone 
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116-126 light tan and gray mixed m-f grained sandstone and siltstone; light tan and gray mixed f-grained 
sandstone and siltstone; tan, occasionally mottled brown, m-f grained arkosic sandstone; yellow tan to 
dark gray siltstone 

126-135 light gray mottled yellow-brown layered m-f grained and little c-m grained arkosic sandstone; yellow-
brown mixed m-f grained sandstone and siltstone, bioturbated 

135-141  light tan mottled yellow-brown and gray, layered siltstone, f-grained sandstone, and m-f grained arkosic 
sandstone, bioturbated burrows infilled with m-f grained sandstone 

141-151  tan-gray mottled brown m-f grained arkosic sandstone with scattered c-grains 
151-156 gray mottled, yellow-brown m-f grained arkosic sandstone with scattered coarse-grains mixed with light 

tan siltstone 
156-161 gray and tan c-m grained arkosic sandstone, tan mixed f-grained silty sandstone; dark brown mixed f-

grained sandstone and siltstone and gray m-f grained arkosic sandstone, gray m-f grained arkosic 
sandstone 

161-166 dark brown mottled gray interlayered siltstone, shale and f-grained sandstone, tan-gray m-f grained 
arkosic sandstone, light tan and gray m-f grained arkosic sandstone 

166-176 light tan and gray m-f grained arkosic sandstone with f-grained sandstone 
176-186 light tan and gray m-g grained arkosic sandstone with few coarse grains, dark gray brown f-grained silty 

sandstone, light tan and gray f-grained silty sandstone coarsening downward to m-f grained arkosic 
sandstone 

186-196 light tan and gray m-f grained coarsening downward to c-grained arkosic sandstone. light tan and gray m-
f grained arkosic sandstone 

196-201 light gray m-f grained arkosic sandstone, light tan siltstone bioturbated, light gray c-m grained arkosic 
sandstone 

 
279  PE139W 
0-60 surficial material 
60-65 light tan-gray medium bedded, c-f grained arkosic sandstone; tan-white and yellow-brown, very thin to 

laminated, f-grained sandstone 
65-74 tan-white and yellow-brown, very thin to medium bedded m-f grained arkosic sandstone 
74-85 light gray, medium gray, light yellow-tan and brown mixed siltstone and f-grained and m-f grained 

sandstone 
85-92 mixed siltstone and f-grained and m-f grained sandstone; gray, mottled tan, diffuse mix of f-grained silty 

sandstone and m-f grained arkosic sandstone 
92-95 gray and tan diffuse mixture of f-grained silty sandstone and m-f grained arkosic sandstone; light tan and 

gray m-f grained arkosic sandstone 
95-105 m-f grained arkosic sandstone; light tan and dark gray interbedded f-grained sandstone and siltstone; 

light tan gray mottled yellow-brown mixed siltstone and f-grained and m-f grained sandstone; gray-tan c-
f grained arkosic sandstone 

105-115 light yellowish gray occasionally mottled red-brown c-m grained arkosic sandstone; granule and pebble 
conglomeritic sandstone 

115-125 light tan-gray granule and pebble sandy conglomerate; light tan-gray mottled yellow-brown red-brown 
and dark gray c-f grained arkosic sandstone 

125-135 light gray and tan interbedded siltstone and m-f grained and f-grained sandstone; dark brown mottled 
light orange; mixed siltstone and f-grained and m-f grained sandstone 

135-145 dark brown siltstone; light gray, tan and dark brown interbedded siltstone and f-grained sandstone; light 
tan, gray, occasionally mottled brown along bedding planes, m-f grained sandstone 

145-155 light tan and gray, occasionally mottled brown, m-f grained sandstone; tan and gray interbedded siltstone 
and f-grained and m-f grained sandstone 
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155-165 light tan, gray and brown mixed siltstone and f-grained and m-f sandstone; gray c-f grained arkosic 
sandstone; light gray interlayered f-grained and m-f grained sandstone 

165-175 gray c-f grained arkosic sandstone; light gray interlayered siltstone and f-grained and m-f grained 
sandstone; gray interlayered m-f grained and c-m grained arkosic sandstone 

175-185 gray interlayered c-m grained and m-f grained arkosic sandstone with tan, brown and dark gray layer of 
mixed f-grained and m-f grained sandstone 

185-194 gray, interlayered c-m grained and m-f grained arkosic sandstone; interlayered tan and gray f-grained 
sandstone and dark brown f-grained silty sandstone 

194-200 dark brown mottled tan and dark gray mixed f-grained silty sandstone and m-f grained sandstone; light f-
grained and m-f grained sandstone grading down to gray c-f grained arkosic sandstone 

 
280  PE-155W 
0-95 surficial material 
95-105 medium to light gray, mottled brown, c-m grained to m-f grained arkosic sandstone 
105-115 light gray m-f grained arkosic sandstone; light gray and light purple m-f grained arkosic silty sandstone; 

light purple sandstone breccia; light gray m-f grained arkosic sandstone 
115-125 light gray m-f grained arkosic sandstone; light gray-white siltstone 
125-135 light gray-white mottled yellow-brown siltstone; light gray, occasionally mottled yellow-brown, diffuse 

laminated to medium-thick bedded, m-f grained arkosic sandstone with minor very thin-bedded c-m 
grained arkosic sandstone layers 

135-145 light gray, little yellow-brown staining, medium to thick bedded, c-f grained arkosic sandstone, 
interlayered with minor very thin bedded f-grained silty sandstone; light gray-white, interbedded f-
grained silty sandstone and siltstone; gray to light gray, little brown staining, m-grained grading 
downward to m-f grained arkosic sandstone; granule conglomeritic sandstone, lithic grain of clay rip-up 
clasts 

145-151 light gray m-f grained, thin bedded arkosic sandstone 
151-156 gray to light gray interbedded m-f grained, c-f grained and c-m grained laminated to thin-bedded arkosic 

sandstone, grading downward to f-grained sandstone 
156-158 light tan f-grained, grading downward to m-f grained and c-f grained arkosic sandstone 
158-165 brown, mottled black, dark gray and light brown bioturbated siltstone 
165-175 dark brown, black and tan bioturbated siltstone mixed with m-f grained silty sandstone with occasional 

fossils; gray, interbedded f-grained, m-f grained and c-f grained arkosic sandstone 
175-185 gray c-m grained, c-f grained and f-grained arkosic sandstone 
 
281  PE-223 
0-130 surficial material 
130-132 gray interlayered m-f grained and c-f grained arkosic sandstone; gray granule and pebble arkosic 

conglomeritic sandstone; gray, mixed siltstone and f-grained silty sandstone 
132-142 gray mottled yellow-brown mixed m-f grained arkosic sandstone, with scattered pebble-size grains, and 

mudstone; gray interlayered m-f grained and c-f grained arkosic sandstone, and minor f-grained arkosic 
sandstone 

142-152 gray m-f grained arkosic sandstone; occasional thin-bedded c-f grained arkosic sandstone; occasional 
very thin to thin bedded mixed sandy siltstone and f-grained arkosic sandstone 

152-162 gray and grayish-brown mixed siltstone f-grained sandy claystone and minor m-f grained arkosic 
sandstone; light tan m-f grained arkosic silty sandstone; light gray and tan interlayered clayey siltstone, 
siltstone, and f-grained silty sandstone; light tan m-f grained arkosic silty sandstone; interlayered dark 
brown siltstone and dark brownish-gray f-grained silty sandstone; light gray-tan mottled dark gray m-f 
grained arkosic sandstone 
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162-172 light to medium gray-brown mottled dark gray, mixed siltstone and f-grained and m-f grained arkosic 
silty sandstone; interlayered dark brown siltstone and dark brownish-gray f-grained silty sandstone; light 
gray-tan mottled dark gray m-f grained arkosic sandstone 

172-182 gray, m-f grained arkosic sandstone; gray mottled tan, mixed f-grained silty sandstone and minor m-f 
grained arkosic sandstone; gray-green to dark red, mixed siltstone, f-grained silty sandstone, and m-f 
grained arkosic sandstone; dark red-brown occasionally mottled gray-green and tan, mixed siltstone and 
silty shale 

182-192 dark red-brown occasionally mottled greenish gray mixed siltstone and silty shale 
 
282  PE-158W 
0-112 surficial material 
112-117 dark red-brown siltstone interlayered with dark red-brow m-f grained arkosic silty sandstone 
117-122 dark red-brown siltstone interlayered with m-f grained sandy siltstone and red-gray f-grained arkosic silty 

sandstone 
122-127 dark red-brown siltstone mixed with m-f grained arkosic silty sandstone; light tan m-f grained arkosic 

sandstone 
127-132 tan to dark gray m-f grained arkosic sandstone; gray-brown to dark red granule and pebble sandy 

conglomerate; dark red-brown mottled yellow brown siltstone with minor m-f grained sandy siltstone 
132-137 dark red-brown siltstone; dark red-brown to tan gradationally interbedded m-f grained and c-f grained 

arkosic sandstone 
137-142 light reddish-tan gradationally bedded, f-grained, m-f grained, c-m grained arkosic sandstone; light 

reddish-tan thin bedded granule and pebble sandy conglomerate; gray-tan mottled yellow-brown siltstone 
grading into f-grained silty sandstone 

142-147 reddish tan mottled yellow-brown and gray siltstone and f-grained sandstone  
147-152 light reddish-tan c-m grained arkosic sandstone; light-gray-tan t-grained to m-f grained arkosic 

sandstone; reddish-gray to brown, mottled orange, c-m grained arkosic sandstone 
152-157  dark gray c-f grained arkosic sandstone; dark red mottled yellow-brown mixed siltstone, f-grained 

arkosic silty sandstone, and minor m-f grained sandstone lenses 
157-162 light reddish-tan interlayered c-f grained f-grained and m-f grained arkosic sandstone; yellow-grain f-

grained silty sandstone 
162-167 light reddish-tan, thin to medium-thick gradationally interbedded m-f grained and c-f grained arkosic 

sandstone, with occasional laminated to very thin bedded f-grained sandstone and siltstone 
167-172 light reddish-gray to tan, gradationally interlayered, medium-thick bedded, c-m grained and m-f grained 

arkosic sandstone with minor granule conglomeritic sandstone; gray mottled yellow-brown claystone and 
siltstone 

172-177 dark gray-brown c-f grained arkosic sandstone; dark brownish-red siltstone; light reddish-tan m-f grained 
arkosic sandstone 

177-182 light reddish-tan, gradationally interlayered m-f grained and c-f grained arkosic sandstone; dark gray 
mottled yellow-brown m-f grained arkosic sandstone grading to siltstone 

182-187 dark gray m-f grained arkosic sandstone; dark red-brown to yellow-brown siltstone and sandy siltstone; 
light reddish-tan gradationally interlayered medium-bedded, m-f grained and c-m grained arkosic 
sandstone; mottled yellow-brown f-grained sandstone and siltstone 

 
283  PE-001 
0-90     surficial material 
90-95 arkosic sandstone, lt reddish-gray, medium-thick to thin bedded, interlayered c-m grained, m-f grained 

and f grained 
95-100 arkosic sandstone, lt reddish-gray occasionally mottled yellow-brown m-f grained, grades downward to 

brown purple-gray c-f grained arkosic silty sandstone and downward to gray m-f grained sandstone  
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100-105 dark red-brown occasionally mottled gray and brownish-yellow siltstone, close to moderate fracture 
spacing 

105-110 dark red-brown siltstone, close to moderate fracture spacing 
110-115 light tan m-f grained arkosic sandstone coarsening downward to c-f grained arkosic sandstone, very thin 

to thin gradational bedding 
115-125 light tan mottled yellow-brown interbedded m-f grained and c-m grained arkosic sandstone; dark red-

brown interbedded f-grained and m-grained silty arkosic sandstone; light tan f-grained arkosic sandstone 
125-135 light tan c-m grained arkosic sandstone, conglomeratic with quartz, feldspar and lithic granule and 

pebble-size grains. light tan to light gray mottled yellow-gray f-grained silty sandstone. light tan to light 
gray interbedded m-f grained and f-grained arkosic sandstone, very thin to thin bedding 

135-145 light gray mottled yellow-brown interbedded f-grained and m-f grained arkosic sandstone, very thin to 
thin bedding; dark red-brown mottled yellow-brown sandy siltstone; light gray to light tan interbedded f-
grained, m-f grained and c-m grained arkosic sandstone; light tan to yellow-brown sandy siltstone. 

145-155 tan interbedded m-f grained and c-m grained arkosic sandstone 
155-165 tan interbedded m-f grained and c-m grained arkosic sandstone; dark red-brown, purple-brown and 

greenish-brown siltstone. light tan c-f arkosic sandstone. interbedded gray-green to dark red-brown 
siltstone and yellow-brown to light tan m-f grained arkosic sandstone 

165-175 light tan, m-f grained arkosic sandstone. light tan to light yellow-brown c-m arkosic sandstone, 
frequently conglomeritic with quartz, feldspar and lithic granules and pebbles 

175-185 light tan c-m grained arkosic sandstone frequently conglomeritic light reddish-tan m-f grained sandstone; 
yellow-brown to gray-green sandy siltstone. yellow-green to yellow-brown c-m grained arkosic 
sandstone 

185-195 light tan-white m-f grained arkosic sandstone; light gray c-m grained arkosic sandstone. yellow-brown to 
gray sandy siltstone. light gray c-m grained arkosic sandstone  

195-205 light gray c-m grained sandstone. light gray c-m grained arkosic sandstone; dark red-brown and gray-
green siltstone; yellow-brown residual soil and completely weathered c-m arkosic sandstone; light tan to 
light gray granule to pebble sandy conglomerate with quartz, feldspar and lithic grains 

205-214 light tan c-m grained arkosic sandstone 
 
284  PE-224W 
0-84 surficial material 
84-89 light gray-white, mottled yellow-gray and purplish-gray interlayered m-f grained arkosic sandstone and 

minor siltstone 
89-99 gray-white and gray, mottled yellow-brown m-f grained arkosic sandstone; dark red-brown interlayered 

m-f grained silty arkosic sandstone and siltstone; light tan-gray mottled light green m-f grained arkosic 
sandstone 

99-109 light tan-gray m-f grained arkosic sandstone; dark red-brown siltstone mixed with dark purple brown m-f 
grained arkosic silty sandstone 

109-119 dark red-brown mottled gray-green, interlayered siltstone and f-grained silty sandstone; light gray 
mottled yellow-brown interlayered c-f grained and m-f grained arkosic sandstone and c-m grained 
arkosic sandy conglomerate; dark red-brown and light gray, mottled yellow-brown and gray-green 
siltstone to f-grained and m-f grained arkosic silty sandstone 

119-129 gray interlayered m-f grained and c-m grained arkosic sandstone and thin-bedded granule and pebble 
conglomerate; dark red-brown mottled yellow-green to gray green siltstone to f-grained silty sandstone; 
dark red-brown mottled yellow-brown granule and pebble arkosic sandy conglomerate 

129-139 tan-gray, occasionally mottled yellow-brown, c-m and little m-f grained arkosic sandstone interlayered 
with granule and pebble conglomeritic sandstone; tan and gray, mottled yellow-gray, yellow-brown, and 
greenish-yellow, f-grained silty sandstone coarsening downward to m-f grained arkosic sandstone; 
yellow-gray mottled yellow-brown m-f grained arkosic sandstone 
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139-149 pink-gray to tan gray, mottled yellow-brown arkosic sandstone interlayered with thin to medium bedded 
granule and pebble arkosic conglomeritic sandstone to sandy conglomerate; gray-green, mottled yellow-
brown and dark red-brown siltstone and f-grained sandy siltstone 

149-159 interlayered thin-bedded, tan-gray granule and pebble arkosic sandy conglomerate and very thin to thin 
irregular lenses of gray-green mudstone and dark red-brown siltstone and f-grained sandy siltstone. 
brown and yellow-brown, thin-bedded m-f grained arkosic sandstone; gray stained brown and yellow-
brown, c-m grained arkosic sandstone; dark red-brown, mixed c-m grained arkosic sandstone and m-f 
grained sandy siltstone 

159-169 dark red-brown sandy siltstone; gray to brown, c-m grained arkosic sandstone; dark red-brown to light 
tan, occasionally mottled yellow-green and gray-green interlayered siltstone, f-grained silty sandstone, 
and little m-f grained arkosic sandstone; tan-gray arkosic sandstone 

169-179 gray to tan-gray m-f grained arkosic sandstone; dark red-brown, light tan, and gray-green, stained 
yellow-brown interlayered siltstone, f-grained sandy siltstone and little m-f grained silty sandstone and 
little gray-green claystone; gray green granule and pebble sandy conglomerate; gray-white to light gray f-
grained sandstone coarsening downward to m-f grained arkosic sandstone 

179-189 gray-white to light gray interlayered m-f grained and c-m grained arkosic sandstone; dark brown m-f 
grained to c-m grained arkosic sandstone 

189-195 dark red-brown occasionally mottled gray-green, interlayered f-grained silty sandstone, f-grained arkosic 
sandstone, and minor lenses of m-f grained and c-f grained arkosic sandstone; dark red-brown to medium 
gray interlayered m-f grained and c-f grained arkosic sandstone 

 
285  PE-002W 
0-65  surficial material 
65-70 light gray c-m grained arkosic sandstone, occasional quarts and lithic pebbles 
70-75 light c-m grained arkosic sandstone 
75-80 light gray c-m grained arkosic sandstone; quartz and lithic granule to pebble sandy conglomerate; 
80-85 light gray c-m arkosic sandstone with occasional granule-size grains; dark red-brown m-f grained arkosic 

sandstone with occasional granule-size grains 
85-90 dark red-brown interlayered m-f grained arkosic sandstone, siltstone and mudstone; dark-brown m-f 

grained arkosic sandstone 
90-95 medium gray c-m arkosic sandstone with occasional granules and pebbles; yellow-brown c-m arkosic 

sandstone; yellow-brown to brownish-gray arkosic sandstone 
95-100 light brownish-gray c-m grained arkosic sandstone; light brownish-gray granule to pebble conglomerate 

with quartz, feldspar and lithic grains 
100-105 light brownish-grain c-m grained arkosic sandstone 
105-110 light brownish-grain c-m arkosic sandstone, numerous quartz and feldspar granules; granule to pebble 

conglomerate, quartz, feldspar and lithic granules 
110-115 yellow-brown c-m grained arkosic sandstone; brownish-gray mottled yellow-brown granule to pebble 

conglomerate, quartz, feldspar and lithic granules and pebbles 
115-125 greenish-gray c-m arkosic sandstone, occasional granule to pebble-sized grain; light brownish-gray c-m 

arkosic sandstone; purple-brown to gray-green interlayered laminated clayey siltstone and f-grained silty 
sandstone; brownish-gray c-m arkosic sandstone grading to granule-pebble conglomerate; greenish-gray 
to yellow-brown to dark brown-gray c-m grained arkosic sandstone 

125-135 interlayered red-brown siltstone and light tan f-grained sandstone; interlayered light tan-gray m-g grained 
arkosic sandstone and light brown-gray c-m grained arkosic sandstone; yellow-brown silty m-f grained 
arkosic sandstone 

135-149 dark red-brown f-grained silty sandstone, laminated to very thinly bedded; brown-gray c-m arkosic 
sandstone 
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139-144 dark red-brown mottled dark grey and yellow-brown c-m grading down to m-f grained silty arkosic 
sandstone; dark red brown mottled gray green mudstone and f-grained silty sandstone, laminated two 
very thinly bedded; light brown-gray to dark red-brown mottled gray-green and yellow-brown m-f 
grained arkosic sandstone 

144-154 dark red brown light tan gray and gray occasionally mottled yellow brown and green brown interbedded 
siltstone f-grained arkosic sandstone m-f grained arkosic sandstone c-f grained arkosic sandstone; 

154-164 dark red-brown to dark brown f-grained arkosic silty sandstone; dark red-brown laminated clayey 
siltstone 

164-174 dark red-brown, laminated to very thin bedded, interlayered m-f grained arkosic clayey sandstone, clayey 
siltstone and f-grained clayey sandstone; red-brown to light brownish-gray, occasionally mottled 
brownish-yellow, interlayered m-f grained and c-m grained arkosic sandstone in thin to medium-thick 
beds 

174-179  red-brown occasionally mottled brownish-gray to brownish-yellow interlayered m-f grained c-m grained 
arkosic sandstone, in thin to medium-thick beds 

179-189 dark brown occasionally mottled light greenish-gray c-m arkosic sandstone; granule and pebble 
conglomerate with quartz, feldspar and lithic grains; dark brown occasionally mottled light greenish-gray 
m-f grained arkosic sandstone; dark brown c-f arkosic sandstone grading downward to granule and 
pebble conglomerate 

189-194 dark brown occasionally mottled light greenish-gray and brownish-yellow granule and pebble sandy 
conglomerate, quartz, feldspar and lithic grains 

 
286  PE-225 
0-60 surficial material 
60-65 brown c-f arkosic sandstone, diffuse medium to very thin bedding  
65-70 light-gray, yellow gray and reddish-brown siltstone coarsening downward to m-f grained with little c-f 

grained arkosic siltstone; brown to light brown occasionally mottled yellow-tan, c-f grained arkosic 
sandstone 

70-75 brown mottled greenish-gray m-grained arkosic sandstone, medium strong to weak, diffuse medium 
bedded 

75-83 brown mottled yellow-tan, very thinly bedded f-grained sandstone, and c-m grained arkosic sandstone; 
brown mottled greenish gray c-m grained arkosic sandstone; brown m-f grained and c-m grained arkosic 
sandstone; brown mottled light gray c-m grained arkosic sandstone, coarsening downward to granule and 
pebble sandy conglomerate 

83-93 dark brown and light gray interlayered m-grained and c-m grained arkosic sandstone with occasional 
pebbles to 15mm size; granule and pebble sandy conglomerate, quartz, feldspar and lithic grains to 50 
mm size 

93-99 brown and light brown laminated to very thin bedded f-grained and m-grained arkosic sandstone; brown 
and dark gray, occasionally mottled light gray, c-m arkosic sandstone 

99-104 dark red-brown f-grained silty sandstone and light reddish-gray f-grained sandstone; dark red-brown 
mottled greenish-gray interlayered f-grained silty sandstone and siltstone 

104-114 dark red-brown, f-grained silty sandstone; mixed red-brown f-grained silty sandstone and light gray 
mottled yellow-tan m-f grained sandstone; light gray to green gray mottled yellow-tan m-f grained 
sandstone; dark red-brown f-grained silty sandstone mixed with gray m-f grained sandstone 

114-122 green-gray mottled red-brown c-f grained arkosic sandstone and granule and pebble conglomerate, lithic 
pebbles up to 25mm size; layered dark red-brown mottled greenish gray c-f grained arkosic sandstone 

122-124 dark red-brown layered c-f grained and m-f grained arkosic sandstone 
124-134 interlayered dark red-brown and light gray f-grained silty sandstone and m-f grained sandstone; dark 

brown and light gray m-f grained arkosic sandstone 
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134-139 dark brown mottled light gray layered m-f grained and c-f grained arkosic sandstone; dark red-brown 
laminated siltstone, mudstone, and f-grained silty sandstone 

139-146 dark red-brown laminated siltstone, mudstone, and f-grained silty sandstone; dark red-brown interbedded 
m-f grained and c-f grained arkosic sandstone, with siltstone and f-grained silty sandstone 

146-147 dark red-brown m-f grained arkosic sandstone; dark red-brown, f-grained sandy clay and silt, residual 
soil 

147-156 dark red-brown f-grained silty sandstone; dark red-brown clayey sand to sandy clay, residual soil; light 
tan thin-bedded, m-f grained c-f grained arkosic sandstone with brown, very thin-bedded silty sandstone; 
light gray m-f grained and c-f grained arkosic sandstone and red-brown silty clay and clayey sand; tan 
and brown, thin-bedded, m-f grained arkosic sandstone 

156-165 interlayered brown, light gray and dark red-brown m-f grained and c-f grained arkosic sandstone, 
grayish-white f-grained sandstone, and little red-brown f-grained silty sandstone 

 
287  PE-093 
0-37 surficial material 
37-42 dark brown, c-f grained, arkosic sandstone 
42-48 reddish-brown, f-grained sandstone, occasionally interbedded with red-brown siltstone and shale 
48-50 red-brown f-grained sandstone interbedded with siltstone 
50-55 red-brown, f-grained, sandstone, siltstone and shale, mostly indistinct bedding, occasional laminations 

and very thin lenses of light greenish-gray shale; light gray quartz-rich, c-f grained sandstone 
55-65 light reddish-gray to red-brown c-f grained arkosic sandstone; granule to pebble conglomeritic sandstone; 

red-brown, thinly bedded, interlayered siltstone and f-grained sandstone 
65-75 red-brown, thinly bedded siltstone and interbedded f-grained sandstone; light pinkish-gray-white, thin to 

medium bedded f-grained and m-f grained sandstone interlayered with red-brown c-f grained arkosic 
sandstone 

75-85 red-brown and light gray interlayered siltstone and f-grained sandstone; red-brown and light gray 
interlayered f-grained, m-f grained and c-m grained arkosic sandstone 

85-95 red-brown, m-f grained grading downward to c-m grained arkosic sandstone; red-brown and light gray 
interlayered siltstone, shale, m-f grained and c-f grained arkosic sandstone 

95-105 interbedded light reddish-gray to dark red-brown m-f grained and c-m grained arkosic sandstone very 
thin to medium-thick gradational bedding coarsening downwards, except conglomeritic arkosic 
sandstone; dark red-brown siltstone 

105-115  dark red-brown and light gray interbedded m-f grained and c-m grained arkosic sandstone and 
conglomeritic arkosic sandstone 

115-123 dark red-brown, interbedded c-m grained and m-f grained arkosic sandstone with f-grained silty 
sandstone; light tan-gray m-f grained sandstone 

123-133 red-brown and light gray thick bedded c-m grained arkosic sandstone interlayered with thin bedded m-f 
grained sandstone 

133-142 dark brown and light gray interbedded c-m grained and m-f grained arkosic sandstone; conglomeritic 
arkosic sandstone; red-brown f-grained silty sandstone 

142-144 red-brown, f-grained sandy siltstone and shale 
144-154 red-brown to light gray coarsening downward from f-grained sandy siltstone to silty arkosic sandstone to 

arkosic sandstone; dark red-brown interbedded m-f grained and c-m grained arkosic sandstone; granule 
and pebble conglomeritic arkosic sandstone; arkosic sandstone as above, interlayered with very thin 
bedded, light yellowish to pinkish gray, c-m grained quartz sandstone 

154-165 dark red-brown and light greenish gray, interbedded m-grained and c-m grained arkosic sandstone, 
granule and pebble conglomeritic arkosic sandstone, with quartz, feldspar and lithic grains; dark red-
brown m-f grained arkosic sandstone 
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288  PE-094 
0-47 surficial material 
47-52 dark brown c-f grained sandstone 
52-56 red brown f-grained silty sandstone (?); white and light gray f-grained quartz sandstone;  
56-61 light reddish gray to light reddish-brown m-f grained arkosic sandstone; layered red-brown and light gray 

c-f arkosic sandstone; granule to pebble sandy conglomerate, dark red-brown clayey siltstone to f-grained 
silty sandstone; mixed dark red-brown f-grained silty sandstone and light gray f-grained sandstone; light 
gray f-grained grading downward to m-f grained subarkosic sandstone; 

61-70 layered red-brown and light gray c-f arkosic sandstone; dark red-brown clayey siltstone and f-grained 
silty sandstone; mixed dark red-brown f-grained silty sandstone and light gray f-grained sandstone; light 
gray f-grained grading downward to m-f grained subarkosic sandstone, occasional lithic pebbles 

70-80 light brownish gray to dark brown c-f arkosic sandstone; quartz lithic granule to pebble sandy 
conglomerate; 

80-89 dark brown interlayered, thin to medium bedded c-f grained arkosic sandstone and very thin bedded m-f 
grained arkosic sandstone; quartz and lithic granule to pebble conglomeritic sandstone; dark purplish-
brown f-grained sandy siltstone; layered light pinkish-gray and dark brown m-f grained and c-f grained 
arkosic sandstone; quartz and lithic granule to pebble conglomerate sandstone; 

89-99 interlayered c-f arkosic sandstone; red-brown siltstone and interlayered very thin lenses of m-f grained 
arkosic sandstone; interlayered light greenish-gray, brownish-red and dark brown, thick bedded, c-f 
grained arkosic sandstone 

99-108 layered dark brown and light gray c-m arkosic conglomeritic sandstone; red-brown laminated siltstone 
and f-grained silty sandstone; light reddish tan to reddish brown m-f grained grading to c-f grained 
arkosic sandstone; dark red-brown f-grained grading to m-f grained silty sandstone 

108-118 medium red-brown to dark red-brown c-m grained arkosic sandstone light gray-green mudstone; red-
brown f-grained arkosic sandstone, light gray m-f grained quartz sandstone grading downward to red-
brown m-f grained arkosic sandstone 

118-128 dark reddish-brown to light gray-green c-m grained arkosic sandstone; dark red-brown siltstone 
interlayered with f-grained silty sandstone, red-brown mudstone; interlayered light greenish-gray and 
red-brown m-f grained sandstone, gray-green f-grained clayey sandstone, light gray f-grained clayey 
sandstone; 

128-138 red-brown interlayered c-f grained arkosic sandstone and f-grained mudstone; red-brown to light gray-
green f-grained silty sandstone, light brownish-gray c-f grained arkosic sandstone 

138-148 light brown to dark brown, occasionally mottled light gray-green c-f grained arkosic sandstone; mottled 
light gray-green and dark red brown m-f grained arkosic silty sandstone; 

148-154 mottled light gray-green and dark red-brown m-f grained arkosic silty sandstone, red, occasionally 
mottled light gray c-f grained arkosic sandstone; red and light gray quartz and lithic granule to pebble 
conglomerate; 

154-164 interlayered light greenish-gray, dark red-brown and red c-m grained arkosic sandstone; light gray-green 
quartz and lithic granule to pebble sandy conglomerate 

164-173 light gray c-m grained subarkosic conglomeritic sandstone, light gray m-f grained quartz sandstone, light 
greenish-gray c-f grained arkosic sandstone, dark red-brown m-f grained arkosic sandstone mixed with 
silty sandstone 

173-178 light greenish gray to medium red-gray c-f grained arkosic sandstone, mottled dark red, dark green and 
tan m-f grained arkosic sandstone 

 
290  PE-095 
0-165 surficial material 
165-170 f-grained siltstone 
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170-176 dark reddish-gray, mottled dark gray-green sandstone, occasionally coarse sand and granule-size angular 
lithic clasts; mottled reddish-brown and light quartz and lithic pebble conglomerate with dark gray-green, 
m-f grained silty sandstone matrix 

176-186 quartz and lithic pebble conglomerate, red brecciated siltstone 
 
291  PE-096 
0-151 surficial material 
151-156 dark brown and light gray c-f grained arkosic sandstone 
156-166 dark red-brown c-m grained arkosic sandstone, dark re-brown siltstone and mudstone, light gray to 

medium brown-gray m-f grained arkosic sandstone, dark brown c-m grained arkosic sandstone, arkosic 
sandy granule conglomerate, brown c-f grained arkosic sandstone, arkosic granule conglomerate 

 

292  PE-228 
0-108 surficial material 
108-113 dark reddish-brown m-f grained arkosic sandstone grading down to c-f grained arkosic sandstone; dark 

reddish-brown m-f grained arkosic sandstone 
113-118 dark reddish-brown m-f grained arkosic sandstone; dark reddish-brown mottled greenish-gray c-f grained 

arkosic sandstone, coarsening downward to granule and pebble sandy conglomerate; dark reddish-brown 
m-f grained arkosic sandstone 

118-123 dark reddish brown mottled greenish gray granule and pebble sandy conglomerate, coarsening downward 
to granule and pebble conglomerate; dark reddish-brown occasionally mottled yellowish-tan, layered m-f 
and c-f grained arkosic sandstone 

123-128 dark red-brown interlayered f-grained and m-f grained arkosic sandstone; light tan m-f grained arkosic 
sandstone coarsening downward to c-f grained arkosic sandstone 

 

Boring log for Lincoln Tunnel in NJGWS permanent note dated 1/30/1935 on file at NJGWS office 

293   114 Lincoln Tunnel  

0-7.5   clay, sand and gravel 
7.5-15  sand, gravel and crushed rock 
15-76.5  coarse, badly broken trap rock 
76.5-85.5 broken trap rock 
85.5-100.5 broken trap and disintegrated rock 
100.5-105.5 disintegrated rock 
105.5-109.5 sandstone and fault gouge 
109.5-114.5 broken shale and sandstone 
114.5-133.5 crushed sandstone  
133.5-144.5 coarse sandstone 
 
Abbreviated boring logs from Langan for Reconstruction of Roadway Platforms on Sinatra Drive North 
http://www.nj.gov/dep/floodresilience/docs/rbdh-feis/attachment-5-cultural-resources-technical-environmental-
study-vol-2a-rbd-hr-feis.pdf Well number is bolded; B number is project well identifier 
 
294  B-5 
 
1-55  surficial material 
55-60  pink and white sandstone 
60-65  pink and white sandstone 
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295  B-1 
 
1-55  surficial material 
55-60  white sandstone 
60-65  white/pink sandstone 
 
Note: in well descriptions v = very, f = fine, m = medium, c = coarse, lt = light, v = very, dk = dark 
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