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THE RICHMOND BASIN

INTRODOCTION

Although coal was first reported in the Richmond basin as early as 1701,
active mining began around 1750 (Nicolls, 1904), and mining contined on a
commercial scale until the early 1920's, details of the stratigraphy, structure,
and coal and gas reserves of the basin are not well understood. 0©ld reports of
mining activity are fragmentary and undoubtedly many old records have been lost.
Also, since the comprehensive report of Shaler and Woodworth (1899}, the basin
has received little attention in the way of geologic investigations. Goodwin
(1970) mapped the nmorthern third of the basin, but the remainder has not been
mapped since 1899, and never in detail. In recent years, the national energy
need has created a2 necessity to carefully evaluate every known or potential
source of energy within the country. Since the Richmond basin has produced coal
in the past it is now mandatory to determine the quality, quantity and geologic
setting of ccal remaining within that basin. Natural gas may also occur within
or in association with these cecals. This possibllity has added impetus te the
need for a thorough study of the basin’s coal and gas potential. Alsc the close
proximity of the basin to the Richmond metropolitan area provides a ready market
for any energy sources which might be derived from the basin.

Before details of the basin can be unravelled, it is necessary to summarize
what has been determined about the basin In the past and to lay a broad framewcrk
into which later detailed investigations can be interwoven most effectively.
This report Is an attempt to summarize the existing knowledge about the strati-
graphy, structure, and coal measures of the Richmond basin. A field reconnaisance
with an exphasis on the basinal outline, the broad basinal structure, the extent
of the coal measures, location of coal mines and prospect pits, and the gross

stratigraphy of the southern two thirds of the basin was conducted in August,



September, October, and November, 1979. This mapping was on a scale of 1:24,000
using 7.5 minute topographic maps as a base. Concurrently, an extensive
literature search was conducted and information from it was used to complement the
field studies. Unfortunately time did not allow detailed fileld 1nvestigations

and these must awalt a later date. Most of the information presented here has
been obtalned from the literature and thls has been amplified and in some cases
clarified by the recent field work. Hopefully it will summarize what is now

known about the basin and will provide a basis for further study.

LOCATION AND CULTURAL FEATURES

The Richmond basin 1s located approximately 12 miles west of Richmond,
Virginia. It is 33 milles long, has a maximum width of 9.5 miles, and encompasses
a total area of about 170 square mlles. Its entire extent is encompassed by
parallels 37° 13" 45" and 379 41' 40" north latitude and meridians 77° 37' 10"
and 779 50' 30" west longitude. Most of its area lies within Chesterfleld
County, but it also includes portions of Amelia, Goochland, Henrlceo, and Powhatan
Counties. Ten 7.5 minute quadrangles contain parts of the basin. These are the
Bon Air, Clayville, Church Road, Fine Creek Mills, Hallsboreo, Hebron, Hylas,
Mannboro, Midlothian, and Winterpock quadrangles. A small subsidiary basln to
the east of the main basin lies within the Glen Allen quadrangle, Midlothian is
the largest town in the area, Urbanization, spreading west and southwest from
the Richmond metropolitan area is rapldly encroaching upon the basin, Numerous
housing developments occur north of the James River, souvth of the James River
near Midlothian and at the eastern end of Swift Creek Reservolr. Elsewhere, small
communities occur at Winterpock, Skinquarter, lMoseley, and Hallsboro.

Five major highways traverse the basin from east to west. These are Inter-
state 64, U. S. Highway 250 and State Highway 6 north of the James River and

U. §. Highway 60 and U, S. Eighway 360 south of the James Piver. A network of
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State roads exlist between the major highway. The Chesapeake and Ohio Railway
crosses the area adjacent to the north side of the James River and the Southern
Railway extends from Midlothian to Moseley. Both railways and all five major
highways lead to Richmond. Several gas plpelines cut acress the basin both

north and south of the James River.

GEOGRAPHY AND FHYSIOGEAPHY

The Richmend basin is part of the Triassic lowland subprovince within the
Piedmont physiographic province. It 1s composed of Trlassic sedimentary rocks
cut by a few diabase dikes. Much older crystalline igneous and metamorphic rocks
surrcund the Richmend basin with Petersburg granite occurring along much of the
eastern margin and gneisses and cataclastic rocks bordering it to the west. The
basin, as well as the surrcounding crystalline rocks, 1s characterized by a low,
gently rolling terraln and presents a mature topography. Steepest slopes occur
adjacent to the major streams. Deep weathering has preduced a thick residual seil
that obscures the bedrock and the upper portions of the bedrock have often been
decomposed to a deep saprolite. Although most of the minerals in the saprolite
have been reduced to clay and the material is soft and easily removed, the outlines
of the grains or crystals within the rock as well as both primary or secondary
structures, are frequently well preserved, and most observations of graln size
and structure are made on saprolite in this area. Saprolite 1s thickest on the
tops of hills where it may be over sizty feet thick., 1t becomes thinner on slecpes
and may be absent in stream bottoms where bedrock 1s often exposed. DBedrock or
its saprolite are also concealed by high level gravels, terrace deposits along
the James and Appomattox Rivers, and floodplain alluvium along many smaller
streams. Floodplain deposits are much broader and more extensive along streams
within the Richmond basin where they developed on sedimentary rocks than they are

along streams flowing over the surrounding crystalline rocks. This is well shown



along Swift Creek where its tributaries west of the reservoir have broad flood-
plains, while on the crystalline rocks downstream from the reservoir, floodplains
are negligible. This transition was even more marked before the reservolr was
constructed.

Total rellef within the Richmond basin is 303 feet with both the highest and
lowest elevations occurring within the 'Hdlothian quadrangle. Unexpectedly, the
highest polnt lies near the center of the basin. The waximum and minimum
elevation and total relief of the Richmond basin for the six quadrangles which
enceompass most of it as well as total relief for each of those quadrangles is

as follows:

Maximum Minimum Total Relief Total Relief
Elevation Clevation of Richmond of Quadrangle
AREA in feet in feet Basin 1n feet in feet

Clayville quadrangle 360 + 210 - 150 + 220 +
Hallsboro quadrangle 380 + 180 - 200 + 200 +
Hylas quadrangle 250 + 140 - 110 + 240 +
Mannsboro quadrangle 370 + 160 - 210 + 210 +
Midlothlan quadrangle 420 + 117 303 + 303 +
Winterpock quadrangle 330 + 160 - 170 + 201 +

The dominant use of land within the Richmond basin is for agriculture and
timber. NKorth of the James Piver and along the eastern portion of the basin from
the James River to U, §. Highway 360, numerous subdivisions and some light industry
occur and thls area is rapldly increasing in population density. Much of this
urbanization has taken place over the coal measures along the basin's eastern
border from their northern terminus to south of Midlothian. Although urbanization
1s spreading westward and southward across the basin, much of the area in
Chesterfield and Powlatan Countles 1s rural. Both beef and dalry cattle are
raised in the area, and most crops are for the support of cattle production. Large

areas 1n western Chesterfield County are owned by paper companies and provide a
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good supply of timber for pulp.

The James River is the major watercourse in the area and traverses the basin
from west to east about 8 3/4 miles from the basin's northern end. The Appomattox
River flows in broad neanders across the southern end of the basin about 2 1/2
miles from the basin's southern terminus. The only other through flowing drainage
is that of Swift Creek and its tributary Turkey Creek. Within the basin, the area
north of the James River is dralned primarily by Tuckahoe Creek which leads to
the James River. Between the James River and U. S. Highway 60, except for the
area around Midlothian, drainage is north to the James River along Salles Creek,
Bernards Creek and its tributaries, and Norwood Creck and its tributaries.
Midlothian is drained to the east by Falling Creek. Between U. S. Highway 60
and U. S. Highway 260, most of the area is drained by Swift Creek and its
extenslve tributary network of Tomahawk Creek, Turkey Creek, lorsepen Creek,
Blackman Creek, and Dry Creek. Swift Crcek flows east and eventually joins the
Appomattex River near Petersburg. The western part of this segment of the basin
drains west and south to the Appomattox River along Skinquarter Creek and Goode
Creek. South of U. S. Highway 360, most of the drainage 1s south to the
Appomattox River along Sappony Creek, Little Sappony Creek, and Winterpock Creek.
In the small basin segment south of the Appomattox River, drainage 1s north to the

Appomattox River along Winticomack Creek.

GEOLOGIC SETTING AND SURROUNDING LITHOLOGICS

Igneous and metamorphic crystalline rocks completely surround and underlie
the Triassic sedimentary rocks cof the Richmond hasin. The Fetersburg granite
bounds the eastern margin of the basin from i1ts northern end to Swift Creek
Reservolr. In the city of Richmond this granite has been radiometrically dated
at 330 + 8 millien years old. This date might not apply to the granlte as a whole
because the granite appears to have had a complex history. In the llylas quadrangle

the Petersburg granit® 1s dominantly a medium graired, gray granite which is



nonfoliated and may locally be glightly porphyritic. Frem north of Midlothian
to the Swift Creek EReservoir, a highly porphyritic phase of the Petersburg
granite borders the basin. This granite contains abundant phenocrysts of
K-feldspar up to 2 inches in length and these frequently define a2 faint to
strong foliation within the rock. West of the &m and spillway of Swift Creek
Reservolr the pranite contains numerous large xenoliths of mafic gnelss adjacent
to 1ts contact with biotite and amphibole gneisses. Frem the reservolr to the
basin's southern end, it 1s bordered to the east by gneisses. Although exact
lithologles have not been determined, they appear to be dominated by mafic
anphibole and biotite-rich gnelsses and some mica schist. They also include
minor granite gneiss and quartzite, Tor much of eastern margin's length, the
Triassic sedimentary rocks appear to lie unconformably upon a weathered surface
of granite and gneiss. This unconformity i1s cut by several cross faults, most
of which are of small displacement. Iowever, at least two cross faults cause
major disleocations of the eastern margin.

The basin's western margin from its northern end to the north bank of the
James River is bounded by cataclastic rocks composed dominantly of mylonites
and ultramylonites. These cataclastic rocks are part of a broad cataclastic
zone, referred to as the Pylas zone, which parallels the basin and extends ncrth-
northeast to disappear under the Coastal Plain. South of the James River the
sedimentary rocks are in contact with gnelsses, amphibelite, and possibly cata-
clastic rocks which may be an extension of the lylas zone. The adjacent
crystalline rocks have not been mapped south of the James River and their details
are not well understood. Althougl nowhere directly exposed, the western margin
of the basin is believed to be dominantly a fault contact. It may consist of one
or a number of normal faults which are steeply inclined te the east. One such
fault is exposed in the east end of the Boscobel quarry on the north side of the

Jares River near Manakin where Triassic sedimentary rocks to the east are in fault



contact with granite to the west. The sedimentary rocks adjacent to the fault
are highly folded and are cut by numerous minor normal faults. This fault is
not at the true western margin of the basin, but rather 1s on the eastern side
of a granite block which extends southward into the basin as shown by Goodwin
(1970). South of U. S§. Highway 360, the major fault or faults of the eastern
border may lie within the exposed area of Triassic rocks with some nearly
horizontal Triassic rocks lying west of the fault. The western border is tran-
sected by three major cross faults which have a large separation and cause
extensive offsets of the western border.

Following deposition and probably deformation, the Triassic rocks were
intruded by several diabase dikes. Many of these are only a few feet thick,
but some are 25 to 50 feet across. The dikes have not been traced out in this
study, but Shaler and Woodworth (189¢) traced some for 5 or 6 miles along their
length. During the Tertiary Period, coarse fluvial stream gravels were
deposited over the eroded surface of the Triassic rocks by the ancestral James
and Appomattox Rivers. The former extent of these gravels 1s unknown because
they have since largely been eroded away. WNow they occur as nearly horizontal
cappings of some of the higher surfaces scuth of the James River and near the

Appomattox River.

TRIASSIC BASIN STRATIGRAPHY

The low topographic relief, the incomplete reccrds of old mine workings,
the almost total absence of relisble drill hole information, and the lack of
geophysical data preclude any detailed knowledge of the stratigraphy or the
structure. Shaler and Woodworth (189¢) considered the rocks of the Richmond
basin te belong teo the Mewark Group of Triassic age. On the basis of Paly-
nological studies, Cornet, Traverse, and McDonald (1972) and Cormet (1977)
assigned these rocks to a late middle Carrian (Late Triassic) age. Cornet (1977)

informally introduced the designation "Richmond Group" for those rocks ceontained



within the Richmend basin to distinguish them from similar rccks which developed
in other Triassic-Jurassic basins in eastern North America. Olsen (1978) proposed
the designation 'Newark Supergroup” to include the sedimentary rocks in all the
Triasslc-Jurassic basins. Shaler and Woodworth (1899) divided_the Triassic rocks
in this basin into two groups: a lower Tuckahoe Group and an upper Chesterfield
Croup. Olsen retained these two group names to refer specifically to the Hewark
rocks in the Richmond basin.,

As shown in Table 1, Shaler and Woodworth (1899) divided their two groups
into smaller units. The lower Tuckahoe Group contains three subdivisions; the
basal Boscobel boulder beds, the intermediate Lower barren beds, and the upper
Productive coal measures. The upper Chesterfield CGroup contains two subdivisions;
the lower Vinita beds and the upper Otterdale sandstones. The present study
suggests that the boundary between these groups may not be well placed and sheuld
probably lie between the Vinita beds and the Otterdale sandstone. The boundary
between the coal measures and the overlying Vinita beds 1is elusive and may be
gradational, simply marking the transition from a swampy, vegetation-rich area
to a more dominantly lacustrine environment. The highest coal beds are thin and
discontinuous and some lithologies characteristic of the Vinita beds occur both
within the Productive coal measures and the Lower barren beds. The rocks below
and including the Vinita beds of Shaler and lecodworth are dominantly lacustrire,
light gray, dark gray, and black sandstones, siltstones and shales although some
fluvial sandstones are present. These contrast strongly with the Otterdale
sandstones which are primarily deep red to reddish-brown to pinkish-white, coarse-
grained fluvial sandstones with some conglomerate and siltstcne.

Although Shaler and Woodworth's two groups will not be used here, thelr
five subdivisions of Boscobel boulder beds, Lower barren beds, Productive coal
measures, Vinita beds, and Otterdale sandstones, are useful and will be utilized

as the basis for the discussion of the stratigraphy In this report. They are not
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GROUPS

SUBDIVISIONS

CuNERAL CHARACTERISITICS

Chesterfield
Group

Otterdale sandstones

Coarse sandstones, often feld-
spathic, Thickness, 500+ feet,

Vinita beds

Black fissile shales, carrying
tstheria ovata, passing upward

into and intercalating with
gray sandstones, Thickness,
2,000 feet,

Tuckahoe
froup

Productive coal
measures

Interstratified beds of bi-
tuminous coal (usually 3 seanms),
coke, black shales, and feld-
spathic, micaceous sandstones.
Phickness, 500 (?) feet,

Lower barren beds

Sandstones and shales under
coal beds, often with arkose.
Thickness variable, from 0 to
300 feet,

Boscobel boulder
beds

Local deposits; boulders of
gnelss and granite, Thickness
variable, 0 to 50 feet.

lable 1,

Litholosic units in the Hichmond basin as described by
Shaler and Woodworth (1899), p. 423. Modified slizitly,




used as formations in precise sequence, but simply as a convenient framework in
which to relate the stratigraphy. These same units were used on the 1963
Geologic Map of Virginia except that there the Lower barren beds were included
with the Productive coal measures. It should also be mentioned that the 1963 map
of the Richmond basin is the same as Shaler and Woodworth's 189¢ map. This
rather accurately reflects the lack of work done on this area in the intervening

years.

Boscobel Boulder Beds and Conglomerate

The Bosccbel boulder beds as described by Shaler and Woodworth (1899)
consist of large angular blocks of gnelss set in a matrix of Triassic sandstomne.
The blocks are very large, often measuring 3 by 2 feet and some are more than
5 feet long. The rock is more a coarse boulder breccla than a conglomerate.
Shaler and Woodworth (1892) described two areas where the boulder breccia occurs
near the western border of the basin north of the James River. GCoodwin (1470)
mapped a broad band of boulder breccia along the western border of the basin
north of the James River where the large fragments are dominantly of cataclastic
rocks. This breccia is different in composition and texture from conglomerates
vhich occur locally along the basin's eastern margin and in a few places along
the western margin and different environments of deposition are suggested for the
two deposits. Therefore they are discussed separately,

The coarse, boulder breccia appears to be confined to the western bhorder.

To date it has not been recognlized south of the James River. The angular nature
of the boulders implies little or no transportation and possibly they accurmu-
lated as talus piles at the base of & scarp along the faulted western rargin.
Although Shaler and Woodworth considered them to be the basal unit cf the Triassic
sediments, it 1s probable that they were deposited continucusly in a vertical
sequence as the basin deepened and other sediments were being deposited elsewhere

within the basin. The lowermost part of the boulder beds may be contemporaneous
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with conglomerates along the eastern margin and they may grade into basal
conglomerates eastward.

True conglomerates on the eastern margin have been described north of the
James River by Goodwin (1970) where well rounded cobbles and boulders of granite
and quartz occur as a conglomerate interbedded with medium-to coarse-grained,
cross~-bedded pray sandstone. These conglomerates occur in localized areas north
of the point where the coal measures disappear. South of the James River, coarse
conglomerate has only been recognized at ome small locality south of Swift Creek
Reservelr at the Intersectlon of U. S. Highway 360 and State Road 621. There a
deeply weathered orange-brown sandy matrix contains abundant rounded pebbles,
cobbles, and boulders of gneiss, granite, and quartz. With the exceptlon cf the
quartz clasts most of the large fragments have been completely decomposed and the
rock is actually a conglomerate saprolite. This conglomerate appears to occur
at the very border of the Richmond basin and is probably adjacent to twe cross
faults. Possibly conglomerates heve not been recognized elsewhere along the
eastern margin because much of that contact with the crystalline rocks is concealed
beneath Quaternary alluvium of flcodplains. That the basal conglomerates wmay be
more extensive 1s suggested by a 1518 foot thick stratigraphic column compiled by
Heinrich (1878) from mine workings and drill holes in the Midlothian area.
lleinrick's detailed and instructive column is included as Appendix IA of this
report and will be referred to several times. At the base of this column he shows
3€ feet of yellowish-brown conglomerate contalning boulders of granite with
orthoclase feldspar. This is in contact with the crystalline basement.

A previously unrecognized extensive area of coarse conglomerate occurs on
the southwest border of the basin south of the Appomattox liver. This 1s an area
which Shaler and Wocdworth (1898) mapped as coal measures. Tt is underlain by
brownish-orangc coarse conglomerate with a coarse sand matrix and rounded cobbles

of gnelss and quartz up to 6 inches in diameter. The conglomerate is interbedded
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with brownish-orange coarse-grained arkosic sandstone. Although the corntact
with crystalline rocks has not been observed, it is probably a fault contact and
this conglomerate has developed as a fanglomerate along the downthrowvm side of
the fault scarp. The conglomerate most commonly dips gently away from the
contact toward the center of the basin although locally it 1s horizontal or

dips gently to the west. Its northeastern limit is concealed beneath the flocd-
plain of the Appomattox River.

Lower Barren Eeds

The Lower barren beds cccur between the crystalline basement and the coal
measures, Where conglomerates are absent, the lower barren beds lie directly on
basement. Their thickness is variable and locally they may be absent, in which
case, the coal measures overlie basement. The variable thickness of the barren
beds is shown by a comperison of four sections as follows. At Carbon KHill near
Gayton, Kimball (Davis and Evans, 1938) (Appendix IB of this report) reported 160
feet of barren beds beneath the lowest coal. A deep hole drilled by a Richmond
Syndicate in 1930 (Davis and Evans, 1938) between the James River and Midlothian
showed 25 feet of barren beds. In Hefrrich's section at Midlothian 571 feet of
barren beds, including the basal 26 feet of conglomerate occur. To the south at
Winterpock, Tontaine (1883) (Appendix IC of this report) showed 250 feet of basal
barren beds. Where the coal measures are in direct contact with the crystalline
rocks they are often in fault contact as seen in an old mine cf the Black leath
district where carbonaceous black shale and coal beds are truncated by a faulted,
slickensided surface of porphyritic granite. This mine has now been filled in.

The greatest detail of the Lower barren heds on the castern margin has been
presented in tbke column of Heinrich (1878). This is the only adequately
described section of the Lower barren beds in existence. Feilnrich divided the

Lower barren beds into twe segments, a lower sandstone group 251 feet thick and



a calciferous group 245 feet thick. The sandstone group is made up of 71.5 per
cent sandstones and 28.53 per cent shales (slates in the terminology of Heinrich).
The sandstones are dominantly grayish-white or gray and reddish-gray arkosic
sandstones. Some contain carbonized vegetable remains and the sandstones in the
upper part of the group are coarser grained. The shales are mostly black or
brownlsh-black and some are highly bituminous. They contain plant fossile, fish
scales, and some reptilian teeth. Helnrich also reported thin laminae and small
concretions of limestone within the shales. The overlying calciferous group as
described by Heinrich contalns 72 per cent sandstone and 27 per cent shale.
About 29 per cent of the sandstone 1s light gray to white, coarse-gralned arkose,
and the remainder is light to dark gray, carbonaceocus, and arkesic. An oil
bearing, brownish-gray sandstone 2 to 3 feet thick is reported near the top of
this group. Much of it is described as belng calcareous. The shales are dark
gray, brownish-gray, black, and bituminous. Half of the shales are calcareocus,
containing streaks and concretions of calcium carbonate. Plant fossils and
fish scales occur within the shales.

On the western margin of the basin, Shaler and Woodworth (189%) show
several areas of coal measures and Lower barren beds. However, there 1s no
deep drill hole information or coal mine data which pives details of the strati-
graphy. Shaler and Woodworth provide two sectlons in the Lower barren heds near
the vestern margin. UOne, a 215.5 foot section on Jones Creek north of the James
River (Appendix ID of this report) contains 10.4 per cent red and brown sandstone
and 89.6 rer cent hrown and gray shale., Further south along Turkey Creek, they
measured a 2100 foot long section (Appendix IE eof this repert) cowrposed of
approximately: 53% shale, 43% sandstone, and 5% conpglemerate, based on the
measured thickness but not the computed thickness. The shales are dominantly
red and green and only one 6 inch thick bed of bituminous shale is reported. The
sandstones are mostly brown, vary from flne-to coarse-gralned, and some are

pebbly. Cre .5 inch seanm of cecal was exposed within a sandstone. Fresh exposures



of the Lower barren beds can be observed in the east end of the Boscobel quarry.
There the rocks are of gray to dark gray carbonaceocus micaceous sandstone and
dark gray to lblack shales. Thin coal seams also occur and plant and fish fossils
are relatively abundant.

From a comparison of Heinrich's (1878) data near the eastern margin and Shaler
and Woodworth's (1899) information on the western margin, it appears that the
western barren beds are more shaly than the eastern beds. Possibly the beds along
the western margin mapped by Shaler and Woodworth as coal measures and Lower barren
beds are actually higher in the section than supposed and may be associated with
the Vinita beds., It would seem that the lengthy Turkey Creek section should have
encountered coal unless the Lower barren beds are inordinately thick at that
point.

From surface observations of exposures alone, a false impression 1s usually
obtained of the relative abundance of sandstone and shale. The shale
decomposes extremely rapldly whereas the sandstone reslsts weathering relatively
well, although it is also invariably deeply weathered. In most poor stream
exposures the shale 1s thus often removed or obliterated while exposures of sand-
stone remain in the bed of the stream. Hence a traverse down the stream reveals
a possibly false preponderence of sandstone. Alcng the eastern margin the Lower
barren beds of sandstone weather tan to brownish-orange and the shales weather
to a gray or white clay. On the western margin in the areas mapped by Shaler
and Woodwerth (1899) as coal measures south of the James River, the sandstones
vecther brownish-orange to reddish-brown and the shales are deminantly red and
green.

Productive Cecal Measures

The Productive coal measures cccur within a relatively short section of the
stratigraphic colurn. Heinrich (1878) shows 32 feet six inches of coal within

90 feet of section in the Midlothian a2rea. Forntaine (1883) shows 43 feet 5



inches feet ¢f coal within 180 feet of section a2t the Clover Hill mine in
Winterpock. At Carbon Hill north of the James River, Kimball (Davis and Evans,
1938), shows 25 feet 6 inches of coal within 112 feet of section. Between
Midlothian and the James River, the report of the Richmond Syndicate (Davis and
Evans, 1938) indicated only 18 feet 2 inches of coal in 164 feet of section.

The Productive coal measures are considered te be bounded by the base of the
lowest and the top of the highest persistant coal seams within the stratigraphic
column, although with the sparcity of data points it is truly impossible to tell
which ceal seams are persistant over a large area,

The instructive stratigraphic column of Heinrich (187E) contains within his
Carboniferous group 34 feet 9 inches of gray, coarse, arkosic sandstone with an
0il bearing stratum near the bottom overlying the coals and 27 feet of gray
arkosic sandstone and black shale underlying the coal. Between these the 90
feet of coal measures as defined above contain approximately 36.6% coal, 26%
shale, and 37.47 sandstone. The sandstones are mostly gray and arkosic while the
shales are dark gray and contain plant fossils. In other areas along the eastern
margin similar sandstones and shales are associated with the coals. The only
detailecd petrographic study of the coal measures or the beds immecdiately atove
thewn, was conducted by Felicia Boyd on a 92 feoot long core taken at Tuckahoe
Village West near the former town of Gayton north of the James River. This core
terminated in a large void when the hole penetrated an old mine working. It
contains a dominance of gray to black arkosic sandstones, with minor gray to
black or brown shale, and also penetrated a 5.5 foot thick sill of diabase. Boyd's
log of this hole and her petrographic data are included as Appendix IF of this
report.

On the western margin of the basin data about the coal measures 1s sparce.
Ruesell (1892) describes two coal seams, 7 feet and 5 feet thick scparated by 12

feet of shale in the Norwoed mines south of the Jares River, and three eoal seans



up to 12 feet, 4 feet, and 3 feet thick respectively from the upper to lower seanm
in the 01d Pominion mines south of the MNorwood workings. MNorth of the James
River near Manakin, Woodworth (1901) reports three coal beds, the upper one 6 to
8 feet thick, the middle 12 feet thick, and the lower 3 to 4 feet thick. From
this 1t would appear that the coals are thinner to the west than they are to the
east, Shaler and Woodworth present a 167 foot long section exposed in a gully
near Manakin (Appendix IG of this report). It contalns alternating beds of
sandstone and shale with the majority of the beds belng less than 2 feet thick.
It also contains six beds of coal, one of which is 1.5 feet thick and the rest
range between 2 and 8 Inches in thickness. The thickest sandstone unit is 24
feet wide. The section contains a total of 200 feet 10 inches of shale, 162
feet 11 inches of sandstone, and 2 feet 6 inches of coal. Thus this section
containg approximately 557 shale, 447 sandstone, and 1% coal. Sandstones are
dominantly brown and reddish-brown and some are arkosic and micacecus. Shales
vary in color from black to Lrown with some being reddish brewn. The authors
were uncertain whether this section lay above or belcw the maln coal seams.
Other sections of the ccal measures are given in Appendix IH, II, IJ, IK, and
IL. Further details on the coal beds will be given in a later section of this
report. They will include Information on the composition, thickness, and

structure of the coals.

Vinita Beds

Above the Productive coal measures, Shaler and Woodworth (1899) describe
2000 feet of Vinita beds. At the base are black fissile shales containing
fossils of Estheria ovata grading upward into and interbedded with gray sand-
stones. In exposures sandstones appear to dominate the lithology but this is
probably because most of the shales and siltstopnes have been weathered away

and obliterated. In weathered exposures the shales and siltstcones are black



and gray, frequently fossiliferous, and finely bedded while the sandstones are

fine-to coarse-grained, arkosic, and tan, orange-brown, or reddish-brown. They
may be cross-bedded. These beds were probably deposited in environments which

alternated between lacustrine and fluvial.

Measured sections of the Vinita beds are rare, but two published sections
illustrate some of the details of this unit. Goodwin (1.970) in a 60 foot section
at the north end of Lake Salisbury in the Midlothian quadrangle (Appendix IM of
this report) shows 27 feet of sandstone and 33 feet of shale, all weathered to
saprolite, A 13 foot thick sequence of sandstone is cross-bedded and charneled.
The shale 1s gray, yellowish-brown, and reddish-brecwn, while the sandstore is

-arkosic, micaceous, and varies in color from gray to brownish-red.

Once again Feinrich's (1878) section is useful in revealing an unweathered
segment of the Vinita beds. Above hiis Carbonaceous group he shows 814 feet of
dominantly gray sandstones ard shales. He breaks this sequence down into three
groups. The lowest, 191 feet thick, contains 64% white and light gray arkosic
sandstone and 36% black and greenish-gray, frequently fossiliferous shales. le
notes that two of the shales bear oil., The central unit, 334 feet thick, consists
of 57% sandstones which are generally light gray, arkosic, and fine-grained. Dark
gray and black shales which are often fossiliferous make up 47% of this unit. The
upper unit, which extends to the surface and is 291 feet thick is 80% sandstone.
These rocks are gray, fine-grained, and cften arkosic. Light gray shale makes up
the remaining 20%. A one inch thick coal seam also occurs. The Vinita beds here
are overlain by 20 feet of Tertiary gravels.

Some conglomerates alsc occur within the Vinita beds. Cne, mentioned by
Goodwin (1970), occurs near the center of the basin south of the James River where
conglomerate with rounded quartz pekbles up to 2 inckes in diameter in a sandy
matrix is interbedded with medium-grained sandstone. Similar conglomerates, and

possibly an extension of that same unit occur in the Pallsboro quadrangle along



and east of State Foad 667 between Swift Creek and the northern border of the
quadrangle. Rounded cobbles up to a foot in diameter occasionally occur within
this conglomerate. The conglomerate's position in the stratigraphic sequence has

not yet been determined.

Otterdale sandstone

Shaler and Wocdworth (189¢) describe the Otterdale sandstone, the youngest and
upper Triassic unit in the Richmond btasin, as coarse sandstones which are often
arkosic., They estimated its thickness as more than 500 feet. Petrified logs, some
as long as 25 feet and up to & feet in diameter and a few beds of lignite were
reported in this unit. In general, the Otterdale sandstone is usually red or
brownish-red to brown in coler and is medium-to coarse-grained. Sandstones dominate
and shales and siltstones are minor. The coarser sandstones are arkosic and are
often cross-bedded. Channels have been cut into many beds and these in turn have
been filled by gravels and sandstones. It is clear that the Otterdale sandstones
vere deposited primarily in a fluvial environment.

The Otterdale sandstone received little emphasis in the present study. The only
detailed data on Otterdale stratigraphy, and in fact the only fresh specimens of the
Otterdale were obtained from a 1552 foot deep drill hole sunlk into these sandstones
in 1978. This hole is located approximately 2200 feet southeast of the intersectiocn
of U. §. Fighway 360 and State Read 666, and is only about 2500 feet from the
western border of the basin. It penetrated 1514 feet of red sandstones before term-
inating in a fine-grained, black diabase. The entire sequence appears to be of
Otterdale sandstone. The driller's log of the entire hole and a more detailed log
of the bottom third of the section are given 1In Appendix IN. The rocks consist
primarily of red ccarse-grained sandstone, red to pink conglomerate sandstone, red
micaceous fine-grained sandstone, and red cross-bedded fine-grained sandstone.

Minor red sandy siltstones and shales also occur. Conglomeratic zcnes occur throughout

the section.
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1f this hole is entirely within the Otterdale sandstone as it appears to
be, then the Otterdale's 500 foot thickness as estimated by Shaler and Woodworth
is irn error. Instead, 1t must be more than 1500 feet thick. Unfortunately it is
impossible to tell how much thicker the Otterdale sandstone is because drilling
did not go beyond the diabase. VWhether this diabase 1s an intrusive mass into
the Triassic sediments or represents basement is unknown. However, its fine
texture would imply that it is a dike or sill such as the numerous thin diabase
intrusions found elsewhere within the basin. Tf the Ctterdale sandstone is at
least 1500 feet thick and if it overlies more than 2000 feet of Vinita beds plus
the coal measures and the Lower barren beds, then the total thickness of Trilassic
sediments in at least this part of the basin would possibly be as much as 3500
to 4000 feet. This would also imply a faulted western border at this point with
a large displacement along the fault. The possibility exists that the Vinita
beds and the Ctterdale sandstone are two facies which were deposited centempo-
raneously, or nearly at the same time In different enviromments. In this case
the stratigraphic thickness may be closer to 2500 feet. I[vidence supporting
either point of view was not conclusive in the present reconnalsance study. It
can only be obtained by future deep drilling through the Triassic sedimentary

rocks into unequivocal basement,

Diabase Intrusives

Dikes and sills of diabase have intruded all of the Triassic sedimentary
rocks. Several dikes are indicated on the 1829 map of Shaler and Woedwvorth, but
they were not included in the present study. A few of the lnown diles are over
20 feet thick but many smaller dikes, often only & few feet thick also occur.

In the field their presence may only be marked by a few rounded boulders of
diabase which have a rusty outer surface. Due to limited exposures it is highly

speculative to try to convert isolated segments of diabase dikes into a coherent
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pattern, Thils must awalt more detalled studies.

The presence of diabase dikes and sills has two major implications con-
cerning exploration for cecal and pas 1n thils basin. First, in the Gayton
district and also in the coal measures south of the James River on the eastern
margin, dizbase si1lls in proximity to coal beds ahve coked the coal in place.
This natural coke was mined in the Gayton area. In forming the natural coke,
volatiles were driven off from the coal thus reducing the amount of gas which would
otherwise bte expected to now occur within the original coals. Powever, most of
the coal beds were not effected by the heat of the intrusions. Secondly, the
presence of a thick diabase s5ill or dike will produce difficult and hence costly
drilling, Therefore 1if their location 1s known, they can be avolded during

arilling.

SURFICTAL GEOLOGY

Surficial units shown on the geologic map of the Richmond basin include
Triassic sedimentary rocks, high level! Tertlary gravels and alluvium, and
Quaternary alluvium. Triassic units shown are border conglomerates, coal reasures
{which include both the Lower barren beds and the Productive coal measures), the
Vinita beds, and the Otterdale sandstone., Dizbase dikes are not shown. This
discussicn of the surficial geology will dn generzl be restricted teo the southern
two thirds of the basin because the area within the Bylas and Midlothian quad-
rangles has already been describted by Goodwin (1970). The mapping for this
report was reconnaissence work and focused primarily on the margins of the basin
and the extent of the cecal measures. The field work necessary for the compilation
of the geoloplc map was supplemented by the raps of Shaler and Woodworth, and by
the seil survey of Chesterf{ield County by Hodges, et. al. (1978). The wmapping
wvas done vsing 7.5 minute topographic maps on a scale of 1:2400 as a base
and these were then reduced to the scale of the composite map accompanylng this

repert,



localities along the castern border to south of the Swift Creek Reservoir.
Invariably they occur over granite but close to the contact with the Triassic
sedimentary rocks,

Two other problems exist in properly identifying the surficizl lithologies.
The first is the distinction between deeply weathcred Trlassic arkosic sandstone
or conglomeratic sandstone and Quaternary alluvium associated with the floodplains
of streams. This is critical because most Triasslc exposures occur along strears.
Both litholopies may have a similar grain size and may contain scattered rounded
quartz pebbles, and if the stream 1s eroding Triassic arkoses, both may have
similar mineralogy. Usually the arkosic sandstone weathers light brown to
reddish-brown while the alluvium is light gray to brownish-gray, but the color
distinction is not infallakle because some sandstones are gray and scme alluvium
has been stained by iron oxide. Although a distinctlon can usually ke rade
between the two, at times it nust be tentative. Secondly, confusion may also
arise in distingulshing between high level Tertiary gravels and deeply weathered
Triassic conglomerates, particularly where the gravels have also teen deeply
weathered. In fresh expesures this problem 1s not severe because the pebbles
and cobbles of the high level gravels are predominantly composed of quartz whereas
in Triassic congleomerates the large fragments are very heterogenecus in composition
and contain numerous pieces of granite and metamorphic rocks as well as quartz,
Alsc, the high level gravels are usually confined to well defined upland
surfaces while the conglomerates may cccur at any elevation. VWhere gravels over-
lie weathered conplonmerate the contact between ther may be very difficult to
determine. Tlie change in lithology at the basin's borders exerted a strong
control on stream paths. A traverse along the torder of the basin shows that
streams follow much of the basin's contact with the adjacent crystalline rocks
and the contact is often concealed beneath flood plain deposits. These areas will

be referred to below.



Pacinal Margins

As previously mentioned, the Triassic sedimentary rocks of the Richmond
basin are bounded and underlaln by igneous and metamorphic rocks. Kear the
surface all lithologles are usually deeply weathered to saprolite or highly
decomposed rock. Where well foliated gneisses occur it is relatively easy to
discriminate between them and the Triassic sedimentary rocks. However, where
a contact occurs between medium—to-coarse-grained, nonfoliated granite and
medium-to-coarse~grained arkosic sandstone, the true lithology of the weathered
rock may be extremely difficult to determine. Compositionally the two are very
similar and if, as often occurs, the sandstone is massively bedded, the only
valid criterion for distinction is the presence of angular crystals irn the
granite as opposed to the rounded gralns of a sandstone, Unfortunately, coarse
rectangular cleavage fragments and grains of feldspar often occur within the
sandstone. Ther it may be recessary to search for the few rounded pebbles which
may be sparcely disseminated in the sandstone. In small exposures it may not
be possible to distinguish between the two lithologles with confidence, and this
is also true of the cuttings from shallow auger holes. Along much of the
basin's eastern margin the sandstone lies unconformably upen the granite.
Trequently the granite appears to have been weathered to produce quartz grains
and angular feldspar fragments. These were transported only slightly, if at all,
to produce the sediments of the arkosic sandstone. Usually a profound uncon-
formity does not exist and locally the contact 1s almost a gradational one betwveen
granite, deeply weatheved pranite, and arkosic sandstone.

One aid to mappring the basin's eastern contact is that adjacent to the
contact large boulders of relatively fresh granite up to 10 feet in diameter are
often fourd at the surface. These are unusual in an area where all rocks are
characteristically cdeeply weathered. These granite boulders were noted by Shaler

and Woodworth (129¢) in the Gayton area, and since have been found at numerous



alluvial fan deposits which developed along an escarpment during Triassic time.
Cn the eastern wargin of the basin, thin conglomerates may cccur interbedded with
arkosic sandstones, but the only mappable area of coarse conglomerate is south

of Swift Creek Reservoir at a locally highly faulted and complex segment of the

contact.

Coal Measures

As mapped, the coal measures Include the Lower barren beds as well as the
Productive coal mweasures. Only in this way can the unit be somewhat satis-
factorily delineated on the map. Coal measures occur along much of the eastern
margin. As mentiocned in the section on stratigraphy, the coal beds usually
occur within 100 feet of section and they may lie directly on basement or be
separated from it by up to 600 feet of barren beds. South of Midlothian, a long,
narrow outlying basin, the Stonehenge Basin of Shaler and Woodworth (1899}
parallels the eastern margin. The coal seams form a double outcrop on the two
borders of this basin, but at least on the eact a considerable thickness of
barren beds underlie the coals. As previously mentioned, the intervening area
between this outlying basin and the major coal measures of the eastern margin
may be granite or basal barren ccarse arkosic sandstone. The distinction
between the two lithelogies could not be made at the present time, Shaler and
Woodworth's interpretation was based on old mining and prospecting records aund
because better exposures may have heen available at that time, their inter-
pretation is used in the present map. They felt that the Stonehenge Basin had
a faulted western wargin and was unconformable upcon the granite on its eastern
edge. Tt may also lie within a small syncline and is separated from the main
basin by a minor anticline crest where granite has been brought to the surface.
Anticlinal aud synclinal flexures have been reported frem the old mine records all

along the eastern margin at Gayton, Midlothilan, and Winterpock.



24,

large cross faults., The two southernmost faults and the resulting lithologic
contrast along them exert a stronpg control on the meander pattern of the
Appomattox River. There may be other smaller cross faults, but they were not
apparent In this reconnaissance study. From its southern terminus the western
contact trends slightly west of north in a stralight line until it Intersects a
northwest trending cross fault south of the Appomattox River. This fault is
flanked to the northeast by coarse conglomerates which extend te the floodplain
of the Appomattox. The conglomerates are relatively resistant and appear to
have inhibited lateral cutting by the river. South of the intersection of
Horsepen Branch and State Road 622, the contact again assumes a path slightly
west of north until reaching a large meander bend south of U. S. Fighway 360.
Hew 1t is again displeced tc the northwest, presumably along a cross fault
approximately parallel to the fault mentioned previously. This fault carn not

be observed as 1t is entirely concealed beneath the floodplain cf the Appomattox
River. TFrom the north bank of the river the contact then continues its northly
trend for a distance of over 5 miles., It has a few minor deviations which may
be due to minor cross faults, but these could not be observed. South of the
sharp turn in the Chesterfield-Powhatan County line at Skinquarter Creek, the
contact 1is offset two miles to the northeast along a northeasterly trending
cross fault. 7The contact then continues slightly east of north until it reaches

the James River.

Cornglomerates

The extrenely coarse, highly angular deposits of the Loscobel boulder beds
as described by Shaler and Woedworth (1899) have not been obscrved south of the
James River. Conglomerates do occur locally, but the most extensive area of
coarse conglemerate occurs along the major cross fault south of the Appomattox

Piver. There, conglonerates are closely related to the fault and may well be
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Beginning at U. §. Highway 60 east of Midlothian, the contact follows a
path almost due south and curving slightly west of south for a distance of abeut
4.6 miles. Shaler and Woodworth (1899) show two smaller basins, the area of
the Unicn Pits and the Stonehenge basin lying to the east of the Richmond basin.
These are separated from the main basin and from each other ky intervening
granite, These outlying basins may exist, but in the present study only one of
them could be recognized and it may not in fact be completely separated from the
main basin., Coals do appear to lie within an isolated area, but the intervening
rock between this coal and the coal within the main Richmond basin may be
granite or possibly only the sandstones of the Lower barren beds. Paucity of
exposures did rot allow this to be determined.

Near Nuttree Creek the contact turns sharply te the southwest and roughly
parallels the southeastern shore of Swift Creek Feservoir almost to U. S§. Fighway
360. Goced exposures in three small creeks between U. S. Highway 360 and the
reservoir allow this contact to be located accurately. Cthaler and Woodworth
(1899) suggest that this northeast trending segrent of the border is due to a
large cross fault with the north side downthrown. Bedding strikes parallel to
the contact here and a fault is a likely explanation for this large offset in
the contact. Immediately south of U. S. Highway 360 the contact is complexly
faulted. The contact then trends southerly once more but is offset aleong at
least tyo cross faults before reaching Winterpock., South cf State Road 655 the
contact lies beneath the alluvium bounding Winterpock (reek for over 2.5 miles
and then continues south-southwest, except for ome minor offset, to a sharp bend
of the Appomattox River where the meander loop appears to be centrolled by the
change in lithology. Along the Appomattox River and south along inticomack
Creek the contact is concealed teneath floodplain alluvium, but it appears to
continue in a straight line to the southern terminus of the basin.

The western border has a general northerly trend, but is offset by three



The eastern coal measures probably extend as a band along the eastern
margin from Midlothian southward for about 3 miles. Actual coal seams have only
been reported or observed for the first 1 mile of this distance. However, beyond
that distance exposures are rare and to date it is not possible to tell whether
the coal measures continue southward, terminate by a facies chanpge, or are faulted
out. On the present map they have been carried southward primarily on the basis
of the mapping by Shaler and Woodworth. The coal measures, or more specifically
the Productive coal measures appear to be absent for a distance of 5.5 miles
from State Road €04 to State Road 655. Lower barren beds may occur here but
with the limited exposures 1t is not possible to distinguish them from the lower
Vinita teds. This segment of the basinal margin is offset along several faults,
and possibly the coals have been faulted out if they were once present. They
may occur along some of the north-south trending margin of the basin, but none
were observed, From south of State Road 655 the Productive coal measures occur
as a continuous band along the basin's eastern margin through Winterpock and
almost to the couthern extremity of the basin. Only a few minor offsets occur
along this distance. Cozl was mined at several leccations from north of Winterpeck
to the point where the coal measures cross Winterpock Creek to the south. From
this point to the Appomattox River there are a few long abandoned prospect pits
and Shaler and Woodworth (1899} reported coal freom one prospect pit on the south
side of the Appomattox DNiver west of Wamozine.

On the western margin the only active coal wining south of the James River
took place at two dominent centers between the James River and U. 5. Highway 60.
One center Is on the eastern margin of the prominent trianpular upfaulted block
of granite zs shown by Goodwin (1927C). The other is between Dutoy Creek and
the basin's western margin about 3 miles north of U. §. Highway 60. lNow far
this coal extends southward cannot be determnined, but it does not appear to go

beyond U. §. Highway 60, and definitely does not extend to the rallroad at



27.

Moseley. Relatively good exposures in rallroad cuts and adjacent streams do not
show any coal.

Elsewhere along the western margin, Shaler and Woodworth (189%) show large
areas underlain by coal measures, one of which is along the northeast trending
fault south cf Moseley. Thelr section along Turkey Creek (Appendix IE of this
report) chows a few thin coal seams 1n the area mapped as ceal measures, but
they consider thils section to ke of Lower barren beds since 1t lies unconform-
ably on baserment and nc thick coals are present. Two steeply inclined faults
occur within thelr section near the border. Coal also appears to be absent
elsewhere along this fault and none is reported. Two Interpretations may be
made of the rocks in thils area: (1) the basal beds may be a shaly phase of the
lower barren beds as indicated by Shaler and Woodworth (1899) and the Productive
coal measures may not be present; and (2) these lLeds may be Vinita beds and the
coal measures were never deposited here or have been faulted out. Litholegically
the Turkey Branch section seems more similar to the Vinita beds than to the Lower
barren beds along the eastern margin.

Scuth of U. S. Highway 360, Shaler and Woodworth (1899) show large areas
underlain by coal measures slong the complex western margin. However, in this
entire area they only reported one prospect plt which showed a trace of ccal on
the floodplain east of the Appomattox River north of State Road 602. Shaler
and Woodworth's main reason for including these rocks within the coal measures
was their interpretation of the structure in the area of Bevils Bridge.

Although they presented several alternatives, their preferred hypothesis was
that the major berder fault lles east of the coal measures and the area east of
the fault was downthrown while the basal coal measures remained at a higher
elevation. Another possibility may be that west of the major border fault, the
smaller faulted blocks are capped by Triassic sediments which were deposited in

an environment where coals were not fermed. That is, the majer basin with



lacustrine deposits occurred east of the main fault while west of the fault

only shallower, small troughs occurred and these were filled primarily by fluvial
sediments. These may have formed late in the history of basin development after
the formation of the coal measures and thus may be capped by younger Triassic
sedlrents., The zlmost total absence of coals 1n this area casts doubts on
whether the coal measures really appear here. Also the lithology 1n many places
1s more similar to that of the Otterdale sandstones than to either the coal
measures or the Vinita beds. The Pevils Bridge area, as outlined in a later
section, may well illustrate a serlee of step faults along the basin margin at
this point.

In some areas such as aleng U. 5. Highway 360, Shaler and Wocdworth may have
confused Tertiary gravels with Triassic sediments, and suggested this possibility
themselves. Orn the south side of the Appomattox River a large area mapped as
coal measures by Shaler and Woodworth (1899) is dominated by the coarse conglo-
merates mentloned previously. 1If these conglomerates were deposited as alluvial
fans along a fault scarp, they are probably conterporaneous with the Otterdale
sandstones, or occur high 1n the stratigraphic sequence ahbove the basal barren
beds. 1In surmrary, the known coal bearing beds along the western margin only
occur north of U. 5. Highway 60. Coal measures may extend further south but
beyond one orally reported prospect plt there 1s no evidence fer this. It would
appear that the areas formerly mapped as coal measures are either Lower barren
beds or are units higher in the sequence. If the second case is true, the coals

may occur at depth.

Vinita beds and Otterdale sandstone

Most of the basin's interlor is underlain by Vinita beds and Otterdale
sandstone. Virita beds occur to the rorth, east, and south while Otterdale
sandstone occurs to the southwest. 7The boundary between these two units is

largely taken from Shaler and Woodworth since the present study did not focus
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on the units of the interior of the basin. Where the two units are in contact
along stream valleys northwest of the Swift Creek Reservoir, the Otterdale
sandstone appears to overlie the Vinita beds suggesting that the saundstones are
younger. Also, Shaler and Woodworth {(189%) showed Vinita beds both north and
south of the Otterdale sandstone, implying that the Otterdale overlies the Vinita.
However, the two may interfinger and the Otterdale and Vinita may simply be
fluvial and lacustrine facies deposited contemporaneously. If the beds along
the western margin mapped by Shaler and Woodworth as coal measures are nelther
coal measures nor Vinita beds, then at present we cannot determine how far, if
at all, the Vinita beds extend beneath the Otterdale sandstone. The answer to
this question could have been provided by the deep drill hole near the western
border. llowever, after passing through over 1500 feet of Otterdale sandstone,
drilling was terminated in a diabase and Vinita beds or coal measurcs were never
reached. A detailed study of exposures may provide some clues as to whether
these are two formations of sequential age or are two contemporaneous facies.
However, a satisfactory answer to this question can only come from deep drilling

through the entire sedimentary sequence into unquestionable basecment.

STRUCTURE

The structure of the northern third of the basin has been described by
Goodwin {1970) and therefore this discussion will focus on the basin's southern
two thirds. In general the basin is bounded by an unconformity to the east and
nerral faults to the west although exposures of the contacts on elther margin are
rarely seen. As previously described both margins are cut by cross faults which
may have large displacements.

Along the eastern margin, the beds strike roughly parallel to the contact
and dip at an average of 30 or 35 deprees to the west, Variasble dips may occur
and locally they are as steer as 75 degrees westward. ESome beds dip to the

east. 01d mine records and structure sections indicate several normal faults



that point to be an unconformity although two faults of unknown displacement,

one only 400 feet from the basin's margin, cut the sequence. It should be noted
that in the Turkey Creelk section the 60 feet of section adjacent to the gneisses
are unexpcsed and the first exposed rock 1s described as a sandstone with a schist
breccla. Therefore, a fault may well occur here between the gnelsses and the
unequivocal Triassic rocks; the schist breccia even suggests the presence of a
fault. The deep drill hole south of U. S. Highway 360 is only 2500 feet from the
western contact and yet the core shows over 1500 feet of sedimentary rock where
dips are at about 25 depgrees to the east and couglomeratic sandstones occur at
intervals throughout the sequence. This 1wplies a fault of considerable dis-
placement. Elsewhere, beds gently dipplng to the west or even horizontal occur
adjacent to the border. This 1is shown at Bevils Bridge and on the west side of
the Appomattox River south of Pevils EBridge. At the latter location some
conglomerate with cobbles exceeding 5 inches in diarmeter is inter-bedded with

the sandstone, F¥ast of Bevils Eridge the beorder 1s complicated. Shaler and

Wood worth (189¢) presented a detailed discussiorn of this area in order to
determine the structure of the boundary and to assign an age to the sedimentary
rocks along the western border, They described a fault separating nearly
horizontal sedimentary rocks overlying crystalline rocks on the west from steeply
dipping Triassic sedimentary rocks on the east, and discussed several hypotheses
to explain this sequence. The major factor leading Shaler and Wocdworth to
conclude that the gently inlcined and nearly horizontal beds are besal Triassic
was the reported cccurrence of a preospect pit with coal beds on the fleodplain of
the Appomattor north of Bevils Bridge. The present study identified two narrow
bands of greiss lving within Triassic sediments to the west of the fault described
by Shaler and Woodworth. One of these 1s capped unconformably Ly mearly horizental

sandstones with a thin basal pebble zone. Their presence suggests that the
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“i~ure l. structural cross-sectlon of step faulted western marsin of the
Mehmond baslin at Bevils Bridre, short random llnes = granil-
and zneiss; parallel ruline = [riassle sedlmentary rocksg
stippled = [ertiary nravels.

Yertical exarreration = X5



western border may contain a series of step faults, steeply dipping to the east
and that the top of each faulted and slightly rotated block 1s capped by a thin
cover of Trlassic sedimentary rocks. This is illustrated in Figure 1. O0f course,
this interpretation does not resolve the stratigraphic positilon of the beds to

the west of the easternmost fault any more than does the single fault of Shaler
and Woodworth. If step faulting took place during initial basin formation, these
beds could be equivalent to the coal measures in age. If faulting. occured later,
the beds may be later Triassic in age. Litholeogically they do not appear to be
greatly different from the Otterdale sandstone.

The larger cross faults may have large displacement. They post date the
normal north-south sections of the basin margins, and displace them for a
conslderable distance. Along the major cross faults south of the Appomattox
River, at the upper reaches of Skinquarter Creek, and south of Swift Creek
Reservoir, bedding in the Triassic sedimentary rocks strikes parallel to the faults
and dips away fron them toward the basin's interior. Border conglomerates are
assoclated with the fault south of the Appomattox River, and a gouge zone a few
feet wide has been observed at the smaller cross fault on the eastern margin about
1.5 miles south of U, S. Highway 360.

A series of structure sections across the northern half of the basin are
shown 1n Figure 2. These, together with the sections accompanying the geologic
maps of the Hylas and Midlothian quadrangle, and the larger sections accompanying
this report show the generalized structure of the basin. The sections indicate an
unconformable eastern margin, a faulted western margin and a number of smaller
faults and flexures within the basin. In the vicinity of the James River, the
rain part of the basin has a general synclinal shape. However, this is probably
due to the upfaulted wedge-shaped block of granlte extending southward into the
basin. This block was probably upfaulted late in the history of the basin,

dragging the rocks on its eastern flank upward and creating the western linb of



the broad syncline. This event may have been contemporaneous with the develop-
ment of some of the large cross faults. In the James River area, the main border
fault lies west of the upfaulted bloek. DNorth and south of the James River section
the effects of this upfaulted block cease and the cross-sections show beds gently
inclined from east to west all across the basin. (Fig. 2)

The exact thickness of Triassic sedimentary rocks within the tasin or over-
lying the ceoal measures is unknown. Shaler and Woodworth estimated that the
greatest thickness would most likely be found near the central part of the western
border beneath the Otterdale sandstone, and that at least 3,000 feet of
Triassic recks may oeccur there, Their cross sections show that the beds are
inclined westward from the eastern margin at an angle of 30 degrees and that this
inclination continues with a few minor flexures until a depth of 2500 to 3000
feet is reached. At this depth the strata flatten out or dip gently toward the
western margin where they have been rotated slightly along normal faults. UHo
evidence has been found during the present study to negate either their estimate
of the thickness or their general interpretation of the structure. CQCnly a few
drill holes give any information on the thickness of the sediments, and deep
holes have not yet been drilled in the central part of the basin. Two holes are
helpful to tell us a minimum thickness. The Salisbury hole reported by Shaler
and Woodworth is about one mile from the eastern border north of Midlothian.
Boring in this hole was terrdnated in shales underlying a bed of coke at 2,380
feet,

The only hole drilled near the western margin was that previously mentioned
which was one-half mile from the border, penetrated 1514 feet of sandstone, and
terrinated in a diabase. From thils information, all that we can say for certain
is that the Triassic rocks are probably at least 2,500 feet thick within much of

the basin soutl of the James Biver. They may well be from 3,000 to 3,500 feet
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Firure 2, Diarrammatic structural cross-sectlons across the northern half

of the Richmond basin, (on followins pases)

A, Map showine locatlon of structural cross-sections. Litholonles
within the basin are indicated as follows: c¢ircles = boulder
breccia {on western marein) and conclomerate (on eastern margin);
black = Froductive coal measures and Lower barren heds; dotted =

sandstones and shales,

B, Structural cross-sections alons llines shown on Kircure 2-A,
sections 1, 2, 3, 4, and 6 are from Goodwin {1970}, Jections
5 and 7 are modified from Shaler and Woodworth {1897). [lhese
sections 1llustrate the effects of the uplifted wedge-shaped
rranitic block in the area of the James Hiver near the western
border of the basin, [o the east of the block the sediments
wlthin the main basin have been deformed into a broad synclinal
configuration, and the true western horder of the basin lies
west of the upfaulted block, North and south of this area the
sedimentary rocks are Inclined gently westward across the basin,
and the western border 1s marked by a steep normal fault of

larse displacement,
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thick. Only future deep drilling or geophysical exploration will provide an exact
figure. The deternination of the basin's thickness is critical because the coals

occur near the bottom of the sequence.

DEEF RUN BASIN

A small basin containing Triassic sedimentary rocks occurs in the Glen Allen
7.5 minute quadrangle., It lies astride U. §. Vighway 250 approximately 3.6 niles
east of the eastern border of the Richmond basin. This basin, referred to as the
Springfield or Deep Run basin by Ropers (1884), trends approximately N35E, is
about 2.8 miles long, and has a maximum width of slightly over .4 mile. It is
entirely enclosed by Petersburg granite, Its eastern border closely follows the
path of Deep Run for .8 mile,

A former exposure In a borrow pit on the western edge of this basin south of
I-64 revealed 500 feet of a fault contact between Petersburg granite and Triassic
sedimentary rocks (Goodwin and Johnson, 1967). Displacement of the fault could
not be determined, but the fault plane on the granite was highly slickensided and
the adjacent granite was strongly chloritized with some epidote. The fault had
an attitude of N45E, 68SE and the Triassic sedimentary rocks near the fault were
highly certorted. This border fault was offset for a distance of 76 feet by a
small cross fault trending N75W with the northeast side offset to the northwest.
The western border of this basin is believed to be bounded by a normal fault.

Mo faulting was observed at the eastern border of this basin and there the
Triassic rocks presumably lie unconformably upon the granite. The eastern
contact was observed at two localities and in both cases a highly arkesic, coarse-
grained, gray sandstone containing a few gcattered, rounded gquartz pebbles
directly overlay Petersburg granite. The contact was gently inclined westward at
10 degrees or less and at one of the exposures the granite was slightly channeled.
Gentle dips of but 10 to 20 degrees to the west generally occur near the eastern

margin of the basin. Steep eastward dips of up to 74 degrees have been observed
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near the western faulted margin. This basin is probably shallow and contains a
maximun thickness of 400 feet of Triassic sedimentary rocks.

When the borrow pit mentioned above was active in 1966, a 157 foot long
measured secticon was made of the Triassic rocks across the floor of the pit approxi-
mately at right angles to the contact. Here the sedimentary rocks had an average
attitude of K50E, 60SE, although many minor deviatlons were encountered and the
rocks were slightly folded. Portions of the section were cancealed, but it
revealed a variable sequence of arkosic sandstone, siltstone, shale, coal, and
thinly interbedded siltstone and arkose. This measured section is included in
Appendix I0 of thls report, and it contains a total of 10 feet 2 inches of
arkosic sandstone, 5 feet 4 inches of siltstone, 50 feet 2 inches of shale, 7 feet
6 inches of coal, and 16 feet of interbedded siltstone and arkosic sandstone.
Although tending to weather brown to reddish-brown, where fresh the arkesic sand-
stone 1s light to dark gray, and the other lighclogles, with the exception of the
coals, vary from dark gray to greenish-gray to black. A seven foot deep verticel
cut at the edge of the borrow plt showed channeling of a thick shale sequence
with arkosic sandstone filling the channels. Deep cuts across the basin during
construction of I-64/
minor faulting and folding.

Coal occurs in the Deep Run basin and several rines were formerly in
operation both north and south of U, §. Highway 250 to the west of Deep Run.

These have long been abandoned and most of the mining here was done by slave labor
prior to the Civil War. The most recent attempt at coal mining in thils basin was
in 1938-39 when a shaft was sunk near Springfield Road. Records of production
from that endeavor are not available but three coal seamns over 8 feet thick were
reported and the coal was said to be a good quality bituminous. The coal here
usually occurs at shallow depths. Mary old prospect plits, a few shafts, and

numerous heaps of coal nining waste can still be found in this area.



Major Mining Centers and Brief History of Coal Mining

Coal was first reported in the Richmond basin in 1701 and the first active
mining began around 1750 (Nicholls, 1904). However, little production was
achieved until 1795, the first year in which the amount of coal mined exceeded
2000 tons. Since then, three major mining districts developed on the eastern
margin of the basin, centered at Gayton north of the James River, and the towns
of Midlothlan and Winterpock south of the James Piver. Some mining was also done
between the James River and Midlothian as well as in the Deep Run basin which
lies to the east of the Richmond basin. On the western border of the basin
mining took place at Manakin north of the James River and at two localitiles
south of the James River: one near the river across from Manakin, and the other
a few miles southwest of that point. On the eastern margin, many of the mines
started out as open pits on the coal outcrop. These were then extended as
inclines down the coal seams. Some deep shafts were driven down to the coals
a short distance west of the border and then inclines worked the coals at the
base of the shafts. On the western margin the coals were worked primarily by
shafts. An account of the various mines in the area and the coal secams reported
in those mines is included elsewhere in this report.

Trom 1780 to 1840 most of the coal produced was used locally for domestic
purposes, although some was shipped from Richmond to Philadelphic and New York
during the early part of the 19th century. About 2,892,645 tons of coal were
produced during this period (Brown, et., al., 1952, Table 5)

From 1842 to 1880 the mines around Midlothlan and Gayton were at the pesk
of their activity and mininpg also flourished in Winterpock. Scme of the mines
driven at that tine were over 900 feet deep. Coal cbtained during this period
was used lecally and also shipped to industrial centers; and production probably
greatly exceeded that which occured prior to 1840. Most of the mines north cof

the James River'around Gayton and Manakin closed down around 1880, and from then
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until about 1930 production centered around Midlothian and Winterpock. The major
exception was an incline at Gayton which extended for a total distance of 2400

feet and did not close until ]1912. Peak production apparently cccurred in 1835
with a total production of 201, 600 tons. In 1923, production was about 50,000
tons, and since 1930 production of coal from the Richmond basin has been negligible.
Roberts (1928) reports only four mines operating in 1923, and only one of these

was shipping any coal.

The latest mining ventures were of short duration. In the Deep Run basin
an old shaft was reopened in 1938-39 but no records of production were available.
Durlng the period 1935-37, three small scale rining ventures were reported in
the newspapers. One was a dragline operation In the Black Heath area, the
second was a challow incline near Winterpock, and the third was z shaft west of
NMutoy Creek in Powhatan County. Yo production figures or length of mining

acitivity could be found for these areas.

The Coal and Methane Fesource

The major resources of the Richmond basin are coal, coke, and methane.
As mentioned elsewhere, the coal is a good quality bituminous coal, and several
analyses of the coal are given in Appendix IT., Much ceal remains within the
ground and with modern mining methods it could be obhtained. The rather dismal
mining history of the basin has not been so much due to lack of coal as it has
been to poor mining methods and economics. In the early days of mining nuch of
the work was done by slave labor and little care was given to ventilation or
proper suppert, resulting in pumerous mipe disasters.

Matural coke was produced vhere coal seams had been coked in place by the
intrusion of nearby dikes and sills. The composition of this coke is similar to

that of artificial ccke and was scld commercizally. WNatural coke 1s most abundant

between Gayton and Yidlothian. This could be mined again and it also implies

that much of the bituminous coal in the basin may previde a good coking coal.



Methane is associated with the coal beds. Some drill holes have reported gas
and even traces of petroleum. Also the former mines were gassy and many of the
mines were closed by methane explosions. The velume of methane within the coals
1s unknown and no tests on this have been done since there has been no modern
drilling or mining to allow these studies. The coal does occur 1n thick seams
which contain shale partings and laminations. It is also well jointed at right
angles to bedding. With these natural partings it should lend itself well to
fracking. Overburden should also be thick encugh to cause methane to be released
from the coals.

It 1s difficult, if not impossible, to deterwmine the amount of coal which
st1ll exists beneath the Richmond basin. Shaler and Woodworth (1899) gave some
estimates which are as valid today as they were then. With coal exposed on both
the east and west margins, they assumed that except where faulted out, cecal
probably underlies much of the basin, or an area of approximately 150 square
niles., From available wine data they suggested that the average thickness of the
workable coals is 12 feet. From this they estimated that the basin contains an
average of 12,000 tons of coal per acre or a total of 1,152,000,000 tons for the
entire basin. This figure hinges on several variables. The extent of coal under
the basin 1s net known with certainty and the present study suggests that the
areas mapped by Shaler and Woodworth as coal measures alcong the south western
margin may not exist. However, the coal measures may occur there at depth. The
coals may become thinner toward the basin's interior but they may also thicken.
The 12 foot thickness of coal by Shaler and Woedworth only included workable teds
for coal mining. WMany thinner seams are found and the total thickness of cocal in
a section often includes over 30 feet. Although they may not all be mineahle,
all ray provide a source of methane. Finally, if the coals do extend beneath the
basin, the depth to the ccals is unknown. The probable occurrence of large

volumes of coal and methane in this basin certainly warrant further investigation
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to determine the actual reserves and the methods by which they may be extracted.

RECOMMENDATTIONS

The Richmond basin should be studied in detail to determine its potential as
a source of coal and wmethane. These studies should include small scale geologic
mapping, deep drilling to hasement, and geophysical work. Geclogic mapping on
a scale of 1:24,000 of the remainder of the basin will be accomplished during the
next four years. This will include mapping of the Hallsboro, Clayville, Mannboro,
and Winterpock 7.5 minute quadrangles. Several holes should be drilled to basement
in order to determine depth to the coals, thickness of overlying sedimentary
units and to obtaln infermation on the quality and quantity of coal and gas. A
serles of holes should be drilled across the basin, preferably proceeding westward
from known areas of ccal at Midlothian or Winterpock. If cecal is centinucus across
the basin, other holes should be drilled north and south of that line., 1In
conjunction with or proceeding the drilling, selsmic profiles and gravity studies
of the basin should be done. These studies may ald in locating the holes to the
best advantage. With the information obtained from field mapping, drill holes,
and geophysical work it should be possible to develop an accurate picture of the
basin, its structure, 1ts stratigraphy, and its potential as a ceal and gas

producing area.



APPENDIX I.

STRATIGRAPHIC SECTIOCNS

Secticn of the Mesozoic rocks in the "Richmond Belt", at the
old Midlothian c¢cal mine from the granite upwards. After Heinrich,
1878, p. 256-260.

The section at Carbon Hill Mine. From Kimball, 1886. In Davis and
Evans, 1938, Part I, p. 86.

The secticn at Clover Hill Mine, From Fontaine, 1883, p. 9.

The section near Boscabel Ferry, on Jones Creek. (Measured along
roadcut)., From Shaler and Woodworth, 1899, p. 428,

The Turkey Branch 3ection. From Shaler and Woodworth, 1899,
p. 478-482.

A petrographic description of a core (Tuckahoe Village West: H-1)
from the coal measures on the eastern margin of the Richmond Basin
at Tuckahoe Village, Virginia.

a. Core Description. Excerpted from "Cyclic Interbedding of
arkesic sandstones and shales of the Richmond Triassic Basin
in Virginia™, a student research project by Felicia Bovd,
College of William and Mary, Va., 1979.

b. Core Log of Tuckahoe Village West: H-1. From Boyd, 13879,
modified by K. Farrell.

The Cornwallis Hill Secticn. From 3Shaler and Weodworth, 1899,
p. 4T0-473,

Logs of three shallow ccres from the coal measures on the eastern
margin of the Richmond Basin at Tuckahoe Village, Virginis.

a. Tuckahoe Village West: H-2.

b. Tuckahoe Village West: H-3.

¢. Tuckahce Village VWest: H-=4.

Measured stratigraphic section within Triassic coal measures along
Gayton Road, 0.8 miles west of eastern margin of Midleothian Quad-
rangle. From Goodwin, 1970, . 15-16.

Section on the Railey's Hill property near Midlethian, Chesterfield
County, Virginia. After Heinrich. From Rogers, 1928, p. 102.

The section at Midlothian, Va. (Modified by Russell, after Hein-
rich). From Wadleigh, 1938. In Davis and Evans, 1938, Part II,
p. 45-46,
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The section at Carbeon Hill, Va., according to Russell., Reprinted
from Wadleigh, 1938, In Davis and Evans, 1938, p. 45.

Measured stratigraphic section at northeast end of Lake Salisbury
about 2 miles north-northwest of Midlothian. From Goodwin, 1970,
p. 17.

Piamond Core drill hole recor&d of core 2500 ft. east of the western
border of the Richmond Basin.

a. Driller's log.

b. Detailed description of lower third cf core.

Measured section of Triassic sediments in Deep Run Basin, Va.
Measured by B.K. Goodwin.
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Section of the Mesozeic Rocks in the "Richmond Belt", at the 01d Midlothian
Coal Mine, from the granite upwards. After Heinrich, 1878, p. 256-260.

TOTAL
DISTANCE
THICKNESS DESCRIPTION FROM
CRANITE
Bottom of section feet 1in.
I. Boulder formation, 36°'.
36! Conglomerate, yellowish~brown, marly, friable rock, highly
calcareous, containing boulders of granite with orthoclase
feldspar, . . . . . . . . . . . . 36
II. Lower sandstone group, 251°'.
54° Sandstone, feldspathic brown ferrugincus, with small seams
of carbonate of lime, particles of specular iron ore, red
feldspar, and guartz pebbles, . . . . . . S0
51 Brownish-gray argillaceous sandstone and drab-colored slate
containing vegetable impressions, . . . . a5
19+ gv Sandstone, arkose, white, containing blotches of clay,
slightly ferruginous, and red feldspar in part, . . 114 &
e S5late, drab-colored, containing vegetable impressions, 120 8
31 Sandstene, arkose, gray, containing fragments of" teeth
(saurian) and red feldspar, . . . . . . 123 8
gr o Slate, gray and black, some highly bituminous, arena-
ceous, containing concretions of limestone, vegetable
impressions, teeth and coprolites, . . . . 132 2
gt o Sandstone, brownish-gray, oleiferous, containing red
feldspar, . . . . . . . . 141 8
Sandstone, schlotose, containing mlneral charcoal at
7t gn top of strata, and
Slate, black, bituminous, containing vegetable impressions
and coprolites, . . . . . . . . . . 149
30! Sandstone, arkose, white, slightly calcareous, partially
coarse in zmaller strata, with slaty bands at bottom of
strata, . . . . . . . . . . . 17g
11t Sandstone, brownish gray and arkose; white, hard, olei-
{ferous at bottom, . . . - . 130
13 6" Slate, black, highly bltumlnoua, calcareous, contalnlng
Calamltea, Cythere Estheria, and carbonaceous sand-
stone containing slcnder vegeltable stems, . R . 203 6
23t 5"  Sandstone, arkose, white, coarse, slightly calcarcous
and pjrltlferouo argillaceous sandstone containing car—
bonaceous vegetable fossils, red feldspar, . . 226 11
201 Slate, black, bituminous, calcareoua, contalning floh—

scales (chtyopyge) Cythere, mineral charcoal, and
and vegetable stems; also carbeonaceous sandstone, red
feldspar, . . . . . . . . . . . 246 11




g
Section at Midlothian Coal Mine, cont,

TOTAL
DISTANCE
THICKNESS DESCRIPTION FROM
GRAWITE
feet in,
17t 4" BSandstone, arkese, light gray, coarse, slightly calcareous,
containing black mica; also arenaccous, dark drab-colored
slate containing carbonaceous particles. Red feldspar makes
its first appearance in this stratum, . - . 264 3
237 Sandstone, arkose, white, coarse, slightly calcareoug, con-
taining black mica; also drab-colored calcarecous slate and
carbonaceous sandstone, containing streaks of carbcnates of
lime, . . . . . . . . . . . . . 287 3
111, Lower calcifercus group, 245',
21 Slate, black bituminous, containing streaks of carbonate of
lime, fish-scales, Estheria, iron pyrites, and carbonaceous
inclosures, . . . . . . . . . . . . 289 3
21" Sandstcone, arkose, light gray, coarse, with blotches of clay,
oleiferous at top of strata; also argillaceous sandstone con-
taining carbonaceous fossil stems, . . . . . 310 3
g Dark-gray carbonacecus sandstone, slate and limestone, flsh—
scales (Dictyopyge), in black bituminous slate at bottom of
strata, . . . . . . . . . . . . 319 3
221! Sandstone, arkose, white, coarse at top of strata, calcare-
ous, . . . . . . . . . . . . . 341 3
10" 10" Sandstone, dark brownish-gray, carbonaceous, and slaty, con-
taining carbonized fossil stems, N . . . 352 1
11t Sandstone, arkose, wnite and reddish gray, coarse and argllla—
ceous; sandstone containing mineral charcoal, . . . 363 1
31 Sandstone, drab-colored, micaceous and arenacecus limestone, 366 1
20! Sandstone, arkose, light gray, partially coarse and cal-
careous, containing mineral charcoal and Calamites, . . 386 1
4' 9" Bandstone, gray, carbonacecus, slate and limestone, . . 390 10
15* 3" Sandstone, arkose, light gray, calcareous, . . . o 406 1
37 Sandstone, dark gray, carbonaceous, slate and limestone, 409 1
23' 8" Sandstone, arkose, light gray, mostly very coarse and hard,
calcareous, containing blotches of clay and small strata of
black slate, . . . . . . . . . . . 432§
13 Sandstone, light gray, carbonaceocus and slaty, strata con-
taining mineral charcoal, . . . . . . . . 445 g
14' 6" Sandstone and slate, drab-colored, containing long vege-
table stems, carbonaceous particles, pyritiferous slates
and small strata of limestone, . . . . . 460 3
& Sandstone, arlkose, graylsh whlte, coarse, conglomerate
slichtly calcarecus . . . . . . . 478 3
17' 6" Sandstone and slate, strata of gray and drab colored argilla-
ccous micaceous sandstone and slate, calcarcous, containing
coprolites; also =some arkose, . . . . . . 495 g
6! Sandstone, dark, brownish-gray, CanOnaCPOUg, argillaceous,
containing carbonacecus inclosures, also arenaceous slates, 501 9
2! 0il rock, strong, brownish-gray sandstone, . . . . 503 9
11* 7" Sandstone, argillaceous, light gray, calcarecus and arena-
ccous limestene; fire-clay at bottom of strata, . . . 515 4

16' 3" 3late, black, highly bituminous, containing fish-scales,
Estheria, beny coal, and concretions of limestone, . . 531 7



Section at Midlothian Coal Mine, cont. 48

TOTAL
DISTANCE
THICKRESS DESCRIPTION FROM
GRANITE
feet  in.
IV, Carbonaceous group, 150 feet,
34' 9" Sandstone, arkose, light gray, hard, partially coarse, con-
taining an oil-bearing stratum near the bottom, . . . bbb 4
5! First ccal seam, 33' of coal, 1i' slate, . . . . . 571 4
6' 2" Slate and schistose sandstone, dark gray, pyritiferous, . 577 &
4' 3" Sandstone, arkcse, light gray, partially schistose, con-
taining mineral charcoal, . . . . . . . . . 581 ¢
87 Slate, dark gray, vegetable impressions, . . . . 589 9
gr 1o" Sandstone arkose, gray, with argillaceous blotches, . . 599 7
1 Second coal seam, . . . . . . . . . . . 60O 7
g Slate, gray, containing carbonized vegetable stems, - . 609 7
9! Sandstene, arkose, gray, hard, containing carbonacecus
blotches, . . . . . . . . . . . . . 618 7
121 Third coal seam divided by slaty bands from 2" to 24", . .
10' 3" Sandstone, gray, silicious and gray slate, containing Cala- 655 4
mites, . . . . . . . . . . . .
14" 6" Coal seam divided by varicus slaty bands, . . . - .
4 Slate, black and argillaceous sandstone, micaccous, con-
taining crystals of calcite and thin sheets of the same;
Equiseta, particles of coal, . . . . . . . 659 4
11! Sandstene, arkose, grayish whlte and drab- colored, argilla-
ceous, sllghtly calcareous blotches of clay, . . . 670 4
12! Slate, black, bituminous, contailning remains of fish (Tetra—
gonelepis), Cythere and Estheria, and a stratum of lime-
stone (sometimes 2 feet thick}; carbonaceous sandstone in
part, centaining Taenopteris and Equisetum, . . . . 6Bz 4
V. Oleiferous group, 191 feet.
10' 6" Sandstone, arkose, gray, hard, and cecarse, slightly calcare-
ous and schlstose sandstone, . . . . . . 692 10
T Slatc, highly bituminous and carbonaceous gandstone, con-
taining fish-scales and long vegeltable ztems, . . . 698 10
4'  g" 0il rock, sandstcne, light gray, with greenish blotches,
slightly calcarecus, . . . . . . . . . 704 4
17 Sandstone, arkose, light gray, coarse; also schistose, . . 721 4
g Slate, black, containing fish-zcales, Estheria, Calamites,
and other vegetable impressions; also gray limestones, . 730 4
241 Sandstone, arkose, coarse, and carbcnaceous sandstone,
oleiferous near top of strata, . . . . . . 754 4
6' 8" Sandstone, coarse and very hard arkose white, . . . Tf6l
6! &" late, black bituminous and greenlgh calcareous and
arcnacecus, micaceous, containing marly limestone, fish-
scales {Tctragonolepis), Cythere, Estheria, vegetable im-
pressicns and coaly particles, . . . . . . 767 6
13' 2" Sandstones, gray, argillacecus and Schlstose also felds-
pathic, containing mineral charcoal, . . . . . . 780 8

7t 8" 3Slate, black bituminous, pyritiferous, containing fish-
scales (Tetragonolepis), Estheria, Cytherc, and long
vepetable stems; also a stratum and concretions of a
fibrous nearly black carbonate of lime and carbonate of
iren; alsc a strong oil rock, . . . . . . . 788 4
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Section at Midlothian Mine, cont. i
TOTAL
DISTANCE
THICKNESS DESCRIPTION FROM
GRANITE
feet in.

32" 8" GSandstone, arkose, grayish white, porous in two heavy stra-

ta, containing an oil rock near top of the last bench, . 821 0
3' 6" &8late, greenish, dark drab-colered, and black, highly bitu-

minous slate, containing Cythere, fish-scales, and carbo-

nate of lime in thin sheets, sometimes cleiferous sand-

stone at bottom, R . . . . . . . . . 834 6
20" 6" Sandstone, arkose, grayish white and gray argillacecus, par-

tially large quartz pebbles (probably containing teeth of

saurians), . . - . . . . . . . . 851
14* 9" Sandstone and slates, drab- colored, arenaceous, and arena-
ceous limestone, . . . . . . . . . . 865 ¢

7' 9" Slate, gray and black, contalning fish—scales, Cythere,
Estheria, Calamites, and other imperfect vegetable im-
pressions, concretions of limestone, and iron pyrites upon
the joints of the rock. (Teeth of saurians}, . . . 873 5

VI. Upper calciferous group, 334 feet.

28' 7" Sandstone, arkose, light gray and schistose sandstone, with
slaty strata, . . . . . . . . . . . 902
23" Slate, gray, arenaceous and black fissile, containing [ish-
scales, Calamites, and long vegetable stems and limestone,
arenaceous, drab-colored, in small strata; also some benches
of arkose dividing it from the next, . . . . . . 925
7' 9" Slate, pyritiferous, containing in addition, Estheria, thin

sheets of calcite and gypsum, . . . . . . 932 9
5' 9" Sandstone, arkose, light gray, conglomerated and carbona-
ceous, . . . . . . . . . . 938 6
3' 6" 3Slate, dark gray, pyritiferous, containing gypsum, 942
16' 9" Zandstone, arkose, light gray, coarse, slightly calcare-
ous, . . . . . . . . . . L
13" 10" Slate, dark gray and drab- colored containing calcareous
concretions, pyritiferous, obscure vegetable impressiocns, g72 7
12' 4" Sandstone, arkose, white, =lightly calcareous, . . . 984 11
5t 1" Slate, gray, calcareous, and 3' 6" limestone, . . . 390
45' 1" Sandstone, arkose, grayish white, calcareous, in heavy
benches divided by slaty strata, . . . . . . 1035 1
18t 2" Slate, black, pyritiferous, calcareous, containing [ish-
scales, Estheria, and limestone strata from 1" to 4", . 1053 3
27' 10" Sandstone, arkose, light gray, coarse and calcareous,
and argillaceous carbeonaceous sandstones, . . . . 1081 1

30' 9" Olate, gray and drab-colored, and arkose; small strata of
limestone at the teop, larger at the bottom, the latter in

slate, containing fish-scales, . . . . . 1111 10
36' 9" Sandstone, greenish gray, fine-grained and aPkO%C in middle

of strata, . . . . . . . . . 1148 7
29" g" 3late, black, micaceous, calcarcous and argillaccous mica-

ceous sandstone, obscure vegetable impressions, . . . 1178 4
15' 1" Sandstone, arkosc, grayish white, coarse, calcareous, . 1193 5

13* 7" Slate, black or blUlgh black, compact, finely laminated and
benches of ash-colored sandstone, near top of strata; ob-
scure vepetable impressions, Calamites in lower part of
strata, . . . . . . . . . . 1207



Section at Midlothian Coal Mine, cont. 50
TOTAL
THICKNESS DESCRIPTTON DISTANCE
FROM
GRANITE
o feet  in,
VII, Upper sandstone group, 291 feet represented.
30" 6" Sandstone, gray schistose, containing micaceous limestone,
with crystals of calcite upon bed plains, . . . 1243 3]
28' B" Sandstene, arkese, principally, and benches cof schistose
micaceous sandstone, containing vegetable impressions, 1271 11
2' &" Slate, dark gray, arenaceous; Calamites, . . . . 1274 5
12* 11" Sandstone, arkose principally, and dark brownish-gray
fire-grained slate, calcareous sandstone, coarser at
bottom, . . . . . . . . . . . . . 1287 4
g1 Slate, dark gray, . . . . . . . . 1295 4
267 Sandgtone, ash-colored, fine- gralned, calcareouo, . . 1321 4
14" 11" Slates, dark drab- colored and greenish gray, calcareous
concreticns at top, 6 " marly limestone at middle of stra-
tum, zlsc greenish-gray argillaceous sandstone 1in upper
part, . . . . . . . . . . . . . 1336 3
21! Sandstone, arkose, light ash-colored, medium-grained, con-
faining inclosures of clay, decomposed feldspar, calcare-
ous, . . . . . . . . . . . . . 1357 3
26" 4" Shale, gray and drab-colored, obscure traces of vepetable
remaing, . . . . . . . . . . 1383 7
7' 5" Sandstone, gray, arflllaceous, fine- pralned . . . 1431
24' 5" Sandstone, arkose, gray, coarse, . . . . . . 1445 5
43' 5" Sandstonc, ash and buff-colored, calcareous in last four
feet, . . . . . . . . . . . . . 1489 10
5" Coal seam, . . . . . . . . . . . 1490 3
8" 5" Sha'e, buff- colored approacuing fuller's carth. Recent
deposits, from 5 to 46 feet, . . . . . 1498 8
20" Surface soil followed by soft buff and pink- colored con-
rlomerate of red clay and quartz pebbles; also frequent-
ly a pure gravel bed, . . . . . . . . 1518 8




B.

The Section at Carbon Hill Mine. From Kimball, 1886.
Evans, 1938, Part T, p. 86,

o fellowizz Is a rectlen of tho Cerbom jii1d

v

B0ilceccsscrecrnscnncras
A’t“"’mt.ﬁ Slatog a0l Barin i reseresssteverccesns
Cisioz, o2
Slates en?
Cokn =nces

-

t;_l,u, Fire elay with Doawdne Fyvites

AT Y Jamesenonotneerterreconen by s

scal) Cole 2 T4, 5 524) ,
Cezd) &6 Ite B 13.}1.:;:.»&:0.1.10

Ea] ot i3 3 ceesvnreannreessesccriossnen
IS
-

('U

’

°ln+»= and
gosnd Cezl

ulﬂuU.ﬂo..o-ano..--oe»cov.oo-o.acol‘toooocrnaoooo-ao

T s et 400000 0P s BB PCCRREREtEASOELORS B

THITO 002 OFEfileenvessovesesecanvsrssnsesscoences
Eleton pnd Songatonae contalirnicoa B In coons of
CON)ovensvsstssansonsserssosooctonssonisosscesnntet
Yourth or '*310';/3 Sopn 8 = 10 feotecsansescoensones
Urax: lo-):‘.oooo.onto.roooo-oroouhcaau.aovs..oo-.n

Gl“dr;i';a Cand ct (AJG... Boas il Clievesonensstaercoreanss

o . . ' M

EE Pavis and

2 .
Colliarizns

X fzod
40
35
€0

o

™ =3 Oy OO

150

51



C. The Section at Clover Hill Mine. From Fontaine, 1883, p. 9.

The 3ection of the coal teds at Clover
with the highest coal seam:

Hill is as follows, beginning

Thickness,

%o Cool seam, local (3, 13 inches to. oo ool il 4 feet.
14. Interval, sandstone and sbhale ..o ..., .- 14 feet.

I, Cocd =cam, Joenl oo ool i e ~1Zinches.
<. Intervaly sandstoue and shaleo ... oo oL . eaaaes 12 feet.
1l Coalsemn, loenl oo o o e 14 inches.
L Interval, sandstone and shade oo o ol oiaL, 23 feet,

o, Conl seamy, ool oo e e . 13 inches,
X, Interval, sandswone sodbshale oo oo ool 40 feet.

7. Upper beneloofmain coal Loee oo iii L, o feet.

. Ioterval, shale. varsing in thickness. ... ..., cern 3 feet 4.

S0 Madn coal, lower beneh oo o e 15 to 20 feet,
oTnterval, saredstene ond <halecoooo oo Lol 10 feet.

A Lower persistont eoalbed oo oo ania oL 4 feet 9 inches.
20 darerval, saudstones aud shales, about ... o ..ol 230 fect.

Girerssice oot
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The section near Boscabel Ferry, on Jones Creek, (Measured along
roadcut). From Shaler and Woodworth, 1899, p. 428.

STRATA THICKNESS

Ft. In.
Clay, brownish and whitish, ¢ 0
Shale, carbonaceous. 2 0
Clay, gray, decomposed shale, 3% 0
Sandstone, brown. 1 0
Shale, slate-colored. 2 0
Shale, brown and gray, laminated. 14 0
Shale, brown. 8 0
Sandstone. 0 6
Shale, brown; 10 0
Sandstone, red. 6 O
Shale, brown. 16 0
Sandstone, red. 6 0
Shale, brown, 36 0

Sandstone. 9 0

Total 215 6



E.

The Turkey Branch Section. From Shaler and Woodworth, 18499,

p. 478-482,

Seetion on the Farley DRranah of Swift Cevefe.—Oue of the most com-
plete mtural exposures of the lower members of the Newark zronp in
the Dickimood  Dasin ocenrs on the western marging vear Mosloy Juuc-
tion, in the headswaters of Turkey Draneh of Swirt Creel {gee 1
XXXVIH. e the sumwer of 1396 Lheavy rains had washed down the
saud in the bed of 1ids stream, 2o that the batrom was unusnally tiee
from «etritu<. and the tollowing section. giving a record of over 14000
feet I thickuess of struta frow the base np, was observad:

Turkey [iranch section.  (In descending ovder.

—— - ! _
. . v Exposorea’ Thickness
strata. deasured) (eotpized;.

Feet. | Feetl
Clar, sandy, dipda- B o : 13 { 10,430
Conolomenate L. e e : 12 | 818
Clay, wlitte Lo e i i 3t 3.5
Qandarape, wehblvodip steepenct oo oL ! T2 I S, 00
I Consinmertte L e 3 3.33
Supdd-tone, tearse. gy, e LI 3.63
Shules wrevtin oo o i e ie e : 11 | 11. 31
Shaie, red with rreen strenks, dip M2 oL 13 ] 33,03
T R0 T5 T 7 o A S ‘ 2] 1. 11
| Shales, #ICen oo e e 32 2262
Saristene, pebbiy near tep, dip 452 B r 2% 1 19, 1%
Shules, ereen amd red oo o i e e 38 L2656
Shaliy, ~and v, redd ‘lnrl:ru.‘n.v...................l..f_ 5 ' 3.3
} Conulomerate, with quartz pebbles from 3 to Sinclres 1 {
B (L T 6 ! L2
Y TN (R T S ' k1 ; 25,13
! Shale, oreet oo e i e e e an a0 1L |

Covvlomerate. Gip A5 Koo o 35 23,15
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Turhey Irencic wedion.  n ol wending vrder —Continued.

Sicuts, ., Expuoauces Thichzesa
‘measured).| (comuunr ).

' Feat. Feor
BandRtone e e 30 2000

Famldstone, with eriess beddiic or localinconformity

ateast endolan 18-1our hed s o el iy the pebbly

rands, dip 13- E, aod the undesiving layers are '

nearly  vertical, fwleating prolably an over-

thrn-t.  See PEL XXXV station 15000 ;
This exposnre estends in the ereck. oo o LL ‘ 18 12,72
N BRSO L e i e e e s P [ 4.2
Sandstene, peLlly oo .. .. [ 441
Clar, rreenisho oo e 9 6. 30
Saundstone, tine-grained, dip aboue 32 E oo o 0L 15 DO T N1}
Clay, sy, Debt cvecndsiz to browa . oo o0 18 12,72
Samlstone, broswu o Lol Ll ereranes i 6 4.24
(,'I.'l_\',;:l‘rl[\ish.w.............-.....................: 1 L0
B £ T 5 7 P l 4] 1. 11

Clay, woven. i e o

Supdstone, dip 8- VoL, 18 12 .72
Shales, green dipti-armore EL oL oLl | 3 217
Shales, reilnad hwowno oo Lo E 11 3110
ET T 5 TR Y T 8 4.0
Tholes, reel, dip 43 F.! o 35,335
Clay, Hight green . oo o e 8 5.83
Samdstony, wath pebbiy h-.uuls.....-..............__; 13 10 60
Clag, red nad wreen. o000 Ll s 1,28
Hanidsthue, dipd5-E ool "l 41 28, 0%
Shates, Datnmigous, siovies thiek, with o .o.o ... IL L3 Lon
Abodes Mehteenloreed, W tnehess 00 ool oL i ! ’

Samdateme, dip T0- B oo i 4] 3.7
SLale. greenish o e e i 10 9,40

Pl L LT 2 ) 15 14. 10

Sandstone, greenish. dip & L..‘ 1 3.92
Sandstone, BrOw™n ..., ' 10 t 9. 10
Shalea, sreewish oo o Lol 32| 7.52
Samdstone. o ool o e . 8 " 3,614
Shale, red and greea,dip ahone - E o ooooo oL a7 ‘ .72
Sandstone . ... e e e e e ' 6 3.6l
Rlale, Te . e e e e e | o 1.73
Shale, Creelo. o e e 2 1.73
Shale. red oo i e 3

(Here a faalr, dip 60~ £, euttine out thiy vedd 1hade
hed.  Nee seetion, 'L XXXVIIL ot 2tution Lo

=
LA
w




Turkey Drune o section, o deseinding urveri—Uontinned,

i ey
_ - A
i < Feet Fect

T TS Y € 2 i w T
Shale, e oo e e e e | 6 | 42t
Clay, green. .., ... e e e e ; T . 3,83
Saudstope, eontaining o tocal geam of coal ope-balt ! |'

neh vk L e e e ; 12 ! 2 4R
Conglomerate ... .. . ... Lol 5‘ { i 2,42
Shale. brown and zieen, exposcd vo sonth hank

fucing the trap ou nur:hl»:mk‘...........,,......é '3 : 3.53
T T L ! 12 | R. 13
Diaha<e dike, exposed in braveh; atlocalhity 1300,
sandstope, browo nnnlsol't..‘.......................}’ 5 3.53
Saodstane, fineved oo Lol . | 9 .38
Sawdstone (I brown agd sart ..o L. ... | 3 242
Sawdstone, dip33- bl e s | i 3.27
Shales . e ; 14 0 RG
Sawlstone, 35- E oo el “ 12 6, 8%
Couzlimerao-, otk guarts pebbles 5 inches lone, .. 1% 12,72
Sandstone, U Ty . L e e e 12 ! 12,52

N L

Turkey branel dinha< dike exposed lere: dike 12,
feet wade, neardy vertical, with ball weathering; i
strikes NU37- B, and is parrly excavated by the |

atream.
Clav, preen, 33 B Lo i 6 1.2
GEIC. el 3 { 12
Clay, ficht-preen, dip £ F oo L oo ' 2 1.t
BanB oD . e e e e ; i | 2 R2
Clay Dol e e 3 2.7
Cougloruerare, with uattz pebhles . oo o 000 9 ! 8, 3
Chay, greeninl and reddishe oo oo 1| 97
Bandstone, greenish-brown, dipiot E. oo 18 | 12.72
Shales, et amd green. uwler briage, dip {53 FE., - i

3rEe NNE L o, TR BT
Sandstoue ..o e e U ! 1.0
Shalesored oL e e e 10, (6
No exposires for about #0 feet, equivalent to -2y ... Lo .. ; 14, 00
Salstone, sty dap 13- E oo oo oo 16 i ot
Conglemerate, e .. o Lo L. ST J.82
Carorlizhiceolored fimo sand oo oL oL Lo [ 1,03
Clag, suvdyaud pebbls oo oo o0 oo ; 3 l AT
Clas, ko eoloren oo 0 o i ! 15 {11
Na exposute. bue probhubiy clay oo 13 B, 11




Turkey Granch section. o+ fr Cowennding ordery—Coatinuad.

Lxpasures Thickn as
Onenanced). (consputedy.

Clays, lightvealnred co0 oo
Sandstones, brown ..o ..
Samdstene, eoarse, ey, light brown oo o o0 L
Saudstone, tine ewn, dip e Yoo ool
Clays, light-coloel, dip - [ stnke N, 12 B
Sawlstene, ~late-grecn color oo oo oo il
Samd-tane. bei €, coarse brown, marked by smail |
Pl 1w el o strent: joints, N0 320 B N 05~
E., N.57- FE., a tew acattered pebbles up to 2
inehea i dlameter. oo i
Clag, hed B, Light-vreco, suhsand partinesadip 13 B
Sandstowe, bed AL brownt anticlinal exposire, base
nob aven

Clay, bed Boslate-colored, top ot seen, <ynelinales-

DOMUTR © L e e e et e, l
Sand~vm, Bl A fine brown; antielinal esnosiure,
Iow and ilat fold; the bed here carries undules
np togtuckes o divmeter, The bedis overinin in -
the bauk of the Lrook by the licht-green clay, |
e B e i el
Class, bed By with saud partivgs, Jip 25°W .
Saml-tone, wad L, coar~e hrowo, Jip 30- W .
sbhodesedd, Yt Dolip - N,
Samdetone, hial Cobrown Lo e
cFora faultac this poinrsee PLNNNVIIL locality
o0 anel He BLorestoration of olils befnre over-
thirusting orenrnnd s |

Ciay, bros misi-2tecn, bed B, partiy cuz cothy faalt
on south side ol breock, but from 0 te 12 teet
thirk in north bank (.

Sandstone, varyine !rom rine to coarse peblbly near
cobituct with oy o i e
Claxy, bed By Liche-green, dip M- 200er
Unesposed; prabchiy elay, hecoming sandy, near
next )
stades, el Doved, inteesevtedd by grecnish walled
Jeduts slip versieal CoooL o
Claca, lizhi-colored, <andy anl peirhls, with hands
of Viebr-creen ey o i e

Samrdsrone, hrownish aud wieenish
Clava ... ...

shales, red aud grecn, dip) Bl e e

Leet.
13

1%

—~ b3
L =l

16

— L
D L = '

L]

|

H Fect.

| 6.3t
i 0.0

19.03
4.50
3 o0
RELY

w0
=
=z
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Tirkey Dranch acclion, {In dexsending ~rder’—Continuetd,

Struta.
|

e

Fxposura I Thickne<«

((meinured).. (cotuputed).

Clays ipterstratified with red shales. oooo oo vavan,

Sandstone, el C) coarse brown ..ol ao.L
Clays, light-green, swodgime vut at north hank...... i

Sandstoue, bed A, tine brown, dip 13- K., strike N, |

L S

Unexposed, but probably clags oo oo oo i

Clays. hed ) unsutistactory exposures, whitish beda -

with quarty pebbles oo e !
Sandstones, bl B, anticlinnl exposure. ..o ool 3
L T S :
Sarned=tones, bed I3; anticlinal expo~ure ..o ... ‘
Clay+, Led C, ip W67 E oL i i

Sandstone, bed e low, at anticline, tops potseen ..

Clays. bl C. topuotscen oo oLl L.
Sandstone, bed B: low, flat auticline, with sclist
0 LT :
Cliys, bed O, dipping gently L, swithauartz pelibles
Unexposed, probably some white clays with the
sandstone, Ledd Dol

Pre-Newark guerses: surface dipping gently 0oL,

>

Feet.
16

Fert

. . \
HEREEERP R
[ cemaaranas
i
I
;
i

............ i
i
|
1
|
[
|
|
!
i .
............ 1
| )
faaesomaramns
l.. . -
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F.

A petrographic description of a core (Tuckahoe Village West: H-1)
from the coal measures on the eastern margin of the Richmond Basin
at Tuckahoe Village. Virginia.

o9



60

a. Core Description. Excerpted from "Cyclic interbedding of arkosic
sandstenes and shales of the Richmond Triassic Basin in Virginia®,
a student research prcject by Felicia Boyd, College of William and
Mary, 1979. Edited by K. Farrell,

The stratigraphic section, representing an apparent thickness of
approximately 20 m (65.6 ft), is characterized by a cyclic interbedding
of arkosic sandstones and shales. A series of fining upwards sequences
consist of relatively clean, medium to cecarse grained arkoses grading
upwards into finer grained, mcre corroded and muddy arkosic wackes. Each
cycle is completed by an unconformably overlying carbonaceous or argilla-
ceous shale, Between major cycles are transiticnal, smaller scale
cyles of arkosic wackes and shales.

The lowest and first major cycle appears to encompass a thickness of
about 5 m (16.4 ft). (Thickness of the section here should be 6.5 m (21.3
ft) according to well-logging data, implying a loss of 22% of the core).

The cycle begins with 200 cm (6.6 ft)} of clean arkose, gray to black in color
with large, observable, white feldspars giving the rock a speckled appearance.
The arkose consists primarily of medium and medium-coarse, angular to subangular
grains with quartz and feldspar as the dominant minerals. Micas delineate
zones of weakness in the rocks and are parallel to bedding. Most are bent
and deformed, presumably due to compaction. The grains are closely packed;
grain boundaries are well-defined and there is little sericite or observa-

ble corrosion. The arkose section appears to exhibit graded bedding.

The arkoses grade into a 110 cm (3.6 ft) unit of finer grained (medium-

fine to fine) arkose-arkosic wackes. These rocks are tan to gray in color
and have undergone sericitization. The unit is laminated with alternating
medium and fine grained layers. This is followed by 45 c¢cm (1.5 ft) of

arkose much like the original arkose but with a larger percentage of seri-
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cite and obvious graded bedding. A 2 c¢m {(0.06 in.) thick coal lies uncon-
formably on the arkose and is, in turn, overlian by 100 cm (3.3ft) of a
fining upwards sequence of arkosic wackes. The arkosic wackes are muddy

with a large percentage of sericite and correcded material. Quartz and
feldspar are the dominant minerals, with total % feldspars actually exceeding
gquartz in places., There is a relative abundance of micas with a larger per-
centage of biotite than muscovite. The "cycle" culminates with 70 cm (2.3 ft)
of finely laminated micacecus shales and low grade coals lying unconformably
on the arkcsic wackes.,

The following division of units is 1.5 m (4.9 ft} in thickness (25% of
this section of the core is missing) and is characterized by small scale cyclic
interbedding of arkosic wackes and shales. The arkosic wackes are primarily
medium~-fine to fine grained in size with a black to brown muddy matrix {which,
in some cases, make up more than 50% of the rock). Micas and very thin laminae
of compacted clay are seen as black lines and delineate zones of weakness.
Medium grained arkosic beds grade upward into fine grained units which, in
turn, grade upward into or are unconformably overlain by shales, The fine
grained units appear to include coarser grained lenses. The shales are
finely laminated, muddy and micaceous. Some are interbedded consisting of
rhythmic light and dark units. They are compacted and contain lenses of
medium grained arkoses. In this particular section there are at least 5
mincr cyles of interbedded arkosic wackes and shales, each cycle nol more
than 50 c¢m (1.6 ft) in thickness. The first two of these minor cycles con-
sist primarily of arkosic material with only a thin layer of shale. The last
units, however, only have a thin layer of arkose and are predominantly shale.

The next cycle of 105 cm (3.4 ft) begins with a 10 cm (.33 fi) graded

arkose, The arkose is light gray in color with subangular, medium tec fine
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closely packed grains with little sericite or corroded material. Overlying
arkosic wackes are as before, graded, muddy, medium-fine grained, and centain-
ing a large percentage of K feldspar (nearly exceeding quartz). The cycle

is completed by an unconformably overlying 30 cm (1.0 ft) unit of very fine
grained micaceous, carbonaceous shale.

The final cycle is a majcr cone of 390 cm (12.8 ft) made up of several
minor cycles. The first 200 ¢m (6.6 ft)} are primarily arkoses. Arkosic
wackes immediately overlie the shales of the previous cycle and are medium-
fine and medium~coarse grained with a black muddy matrix, mostly due to
primary clays. There are nearly equal amounts of quartz and feldspar, nearly
equal amounts of K feldspar and plagioclase, and very little sericite or
corrocded material. Overlying arkoses are clean with sharp grain boundaries,
little sericitization and almost no corrosion. The arkose is overlain by
a 20 cm (0.7 ft) fine grained shale and an arkosic wacke interwoven with
black shaley units. Finely disseminated pyrite is abundant in these units.
This is followed by 80 cm (2.6 ft) of graded, coarse to medium te fine,
clean and well consolidated arkosic sandstone which, in turn,is cverlain by
65 cm (2.1 ft) of carbonaceous shale with medium-cecarse grained arkosic
lenses. There is a final 50 cm (1.6 ft) influx of muddy arkosic wackes
consisting of alternating fine and medium-coarse grained layers. The
remainder of the core is 500 cm (16.4 ft) of finely laminated argillaceous
and carbonaceous shales interrupted by a cress cutting 150 cm (4.9 ft) thick

diabase dike.

Brief Description of the Arkoses and Shales

The arkosic sandstones were primarily medium tc¢ medium-fine grained,
angular to subangular, and poorly sorted. {Quartz was, in most cases, the
dominant mineral, ranging from straight extinction tec strongly undulose

and including both single and composite grains. K. feidspar was more



abundant than twinned plagioclase. Micas rarely exceeded 10% in abundance
and, indeed, in most cases, made up only 5% of the unit. No pattern could
be discerned concerning the ratio gf muscovite to biotite in the core.
The amount of clays, sericite (due to chemical weathering), and corroded
material varied with rock type { and position in the sequence}. Arkosic
wackes, for example, had a large abundance of primary clays and/or sericite
and corroded material. The arkoses exhibited varied degrees of consolidation.
In some cases, the grains were interlocked or welded. 1In others, the frag-
ments were held together by a breccia-~like cement of sharply angular
clastic fragments and clay. Other rocks were composed of individual grains
floating in a clay or mud matrix. In the arkoses, compaction was evidenced
by distorted mica flakes and bent lamellae cf plagioclase. The micas were
pinched and deformed between tightly packed sand grains and along bedding
planes. All of the units exhibited lamination (micas, especially, were
oriented so that flakes were lying parallel tc bedding planes, in many
cases, covering the entire bedding surface). Most of the units were graded,
The arkosic sandstones could be classifed as "immature". Certain
characteristics indicate rapid transportation and little chemical weather-
ing. In only one case, (in one thin section), was there less tﬁén 30%
feldspars. In many cases, the feldspars had retained their original grain
shape, Twinned plagioclases as inclusions within larger quartz and feld-
spar grains had remained intact. All of the grains were angular to sub-
angular, having undergone little chemical weathering. The rocks are
gray in color with no indication of subaerial weathering or iron oxida-
tion. The conly indication of chemical weathering is sericitization
which is presumably due to burial and groundwater or hydrothermal infil-
tration and contamination. Micas, which would have been one cf the first

minerals to chemically decay, are seen in relatively large percentages.
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The large percentage of detrital polycrystalline quartz grains and

quartz grains exhibiting undulose extinction suggest a relatively immature
sandstone because these grains are, in most cases, destroyed selectively
by mechanical and chemical agents and are rare in mineralogically mature
sandstones (Blatt and Christie, 1963). The shales were black tc brown,
carbonaceous and/or argillacecus, micaceous, and finely fissile laminated.
Compaction of the shales is suggested by the undulatory internal structure
and the parallelism of the micas. Many shale units include lenses of

coarser grained arkoses.
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b. Core Log of Tuckahoe Village West: H-1. From Boyd, 1979,
Modified by K. Farrell,

THICKNESS DESCRIPTION
FT. M.
TOP Key: Grain size
Very fine grained < .lmm
Fine grained: .1-.2 mm
Medium=-fine grained: .3-.5 mm
Medium grained: .7-1.0 mm
Medium=-coarse grained: 1.0-2.5
Coarse grained: > 2.5 mm
9.0 2.74 Fill. Dark gray and black shale., Fragments of cinders and

silty clay.

17.2  5.26 Dark gray to black carbonaceous shale.

2.8  0.85 Shale, brown, carbonaceous, very fine grained, fissile.

4.5 1.37 Shale, brown to black, carbenaceous, very fine grained to muddy,
micaceous. Locally highly carbonaceous.

1.6 0.38 Missing.

2.6 0.80 Shale, black, highly carbonaceocus, fissile,

1.1 0.34 Underclay, tan.

0.5 0.15 Diabase, heavily weathered or underclay.

0.8 0.25 Diabase, weathered.

0.7 0.21 Diabase, slightly weathered.

3.5 1.07 Diabasze dike.

1.6 0.48 Missing.

0.3 0.10 Shale, carbonaceous, laminated, with lenses of arkosic sandstone.

0.2 0.06 Fragments of black, carbonacecus shale and light gray mudstone
or underclay.

0.7 0.20 Shale, carbonaceous with arkosic sandstone lenses,

0.3 0.08 Missing.

0.9 0.27 Arkosic sandstone; black muddy matrix, closely packed, subangular,
graded bedding, fine to medium-coarse grained sandstone,

0.1 0.04 Arkosic sandstone; medium to medium-coarse grained, porous.

0.4 0.12 Arkosic sandstone; black muddy matrix, fine grained with lenses
of medium-coar«e crained sandstone, micaceous.

0.2 0.07 Arkosic sandstone, medium-coarse grained, micaceous and
friable.

2.1 0.65 Shale, black, carbonacecus, interbedded with lenses of medium-

coarse grained arkosi~ sandstone near top.

2.7 0.81 Arkosic sandstone, gray to black with graded bedding:
1.8 ft. (.55 m) graded, medium to medium-coarse grained, well-
consolidated sandstone,
0.2 ft (.05 m) graded, medium grained sandstone with thin layers
of medium to coarse grained sandstone.
0.1 ft (.04 m) fine grained rhythmic sandstone.
0.1 ft (.04 m) Intrusion of coarse grained dike.
0.4 £t (.11 m) Noticeably graded, fine-medium grained, gray to
brown sandstone.
0.1 ft (.02 m) Shale, black, muddy.
0.3 0.08 Arkosic sandstone layers (black and muddy} interwoven with
medium to fine grained black, shaly units, iscolated grains in
a matrix, high percentage of primary clays, angular. SLIDE 33,
0.4 0.13 Shale, brown, muddy, carbonaceous.
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THICKNESS DESCRIPTION

FT. M.

top

G.3 0.08 Arkosic sandstone; medium-fine grained, graded bedding. SLIDE 32.

1.0 0.30 Arkosic sandstone; black matrix, poorly sorted, medium-fine
grained, uniform, no bedding, little corrosion. Angular, fresh,
large pyrite grain. SLIDE 31,

0.5 0.15 Arkosic sandstone; brown, medium grained, subangular, porous,
SLIDE 30.

0.2 0.06 Arkosic sandstone*; fine to medium-coarse grained, angular to
subangular, closely packed, muddy, graded bedding.

Unconformity. SLIDE 29.

0.1 0.04 Arkosic sandstone; very fine grained, rhythmic.

0.6 0.17 Arkesic sandstone¥®; black muddy matrix, angular to subangular,
medium-fine and medium-coarse grained, graded bedding, diastem,
SLIDE 28.

0.1 0.03 Arkosic sandstone; tan, granular, medium-fine grained, micaceous.

0.3 0.10 Arkosic sandstone with black shale layers; poorly sorted, medium-
fine to medium grained.

0.2 0.05 Arkosic sandstone; medium grained, closely packed, laminated.

1.0 0.30 Shale, carbonaceous, very fine grained, muscovite visible in
upper section..

0.5 0.14 Arkosic sandstone, black muddy matrix, medium grained, packed,
poorly sorted,

0.2 0.06 Arkosic sandstone¥®; brown muddy matrix, medium-fine grained,
angular, semi-well-consolidated, graded bedding. SLIDE 27.

0.2 0,05 Shale, sandy arkosic, with black muddy matrix. Matrix closely
packed, graded bedding.

0.3 0.10 Lenses of very fine grained shaly arkosic sandstone and medium
grained arkosic sandstone.

0.3 0.10 Brown shaley mudstone and medium-fine grained arkosic sandstone
with lenses of medium grained sandstone., Angular to subangular,
graded bedding, significant K-feldspar. SLIDE 25.

0.3 0.10 Arkosic sandstone, light colored, fine to medium grained,
subangular, muddy matrix, closely packed, graded bedding,
noticeable % of twinned plagioclase. SLIDE 24.

0,5 0.15 Arkosic sandstone¥*; black muddy matrix, medium-fine grained,
angular to subangular, semi-consolidated, laminated. GSLIDE 23,

0.2 0.05 Arkosic sandstone¥*; with black muddy matrix, medium grained,
poorly sorted, angular,

0.2 0.05 Mudstone, black, shaly, very fine-grained,

0.7 0.22 Mudstone, brown, shaly, with fine grained arkosic sandstone
lenses.

0.3 0.08 Shale, sandy arkeosic, very fine grained, black, laminated and
fissile, slight undulating pattern.

0.5 0.15 Shale, rhythmic, very fine grained, interbedded light and dark
units, laminated, packed, lenses of medium-fine grained arkosic
sandstone.

0.2 0.06 Shale, sandy, arkosic, very fine grained, hint of graded bedding,
laminated, fractures infilled with biotite and mud. Overlying
shale unit.

0.3 0.10 Cyclic fine grained sandy arkosic shale overlain by shale,

¥ Arkosic wacke in original log.
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THICKNESS DESCRIPTION

FT. M.

top

0.3 0.08 Arkosic sandstone¥*; gray with overlying shale containing arkosic
sandstone lenses; grains held by matrix, subangular, medium
grained, graded bedding. SLIDE 19.

0.5 0.14 Mudstone, sandy, fine grained, cyclic, btedded, shaly parts
undergoing coalification, semi-consolidated, noticeable mica
making rock schist-like.

0.6 0.17 Mudstone, black, carbonaceous, shaly texture, micaceous.

0.8 0.25 Mudstone, black, shaly, enclosing arkosic sandstone lenses.
Sandstone lenses are grayish-tan, packed, semiconsolidated,
with angular to subangular grains, exhibit graded bedding.

SLIDE 17.

0.3 0.10 Arkosic sandstone*; black, muddy, graded bedding, semi-consolidated,
visible grains are angular, medium-fine grained. Matrix makes
up more than 50%. SLIDE 16.

0.5 0.15 Arkosic sandstone¥*; tan (hematite), fine grained, welded,
subangular, lenses of medium-fine grained sandstone, laminated.
SLIDE 15,

0.2 0.06 Arkosic sandstone¥*, muddy, gray to brown, very fine grained, fine
laminae, subangular.

0.5 0.15 Arkosic sandstone®*; tan, fine-medium grained, subangular,
well-consolidated, deformed micas along zones of weakness,
laminated,

0.7 0.20 Arkosic sandstone®; gray to black, well-consolidated, medium-fine
grained, subangular, deformed micas along zones of weakness,
laminated. SLIDE 14,

0.3 0.1 Arkosic sandstone®; grayish-brown, poorly sorted, medium-
fine grained, angular, consolidated,

1.0 0.3 Missing.

2.1 0.65 Shale, black, carbonaceous, muddy. Platy, fine grained, biotite
forms fresh layers.

0.3 0.10 Arkosic sandstone¥*; grayish-brown, fine to medium-fine grained,
friable, angular to subangular grains, abundant feldspar,
much corrosion but grain boundaries sharp. Laminated.

SLIDE 13.

2.6 0.80 Arkosic sandstone*; black and white, medium-fine to medium
grained matrix; noticeable coarse grains, angular to sub-
angular, graded bedding. SLIDE 12,

0.3 0.10 Arkosic sandstone; gray to black, medium-coarse grained, con-
solidated, laminated.

¢.1 0.02 Shale, black.

1.4 0.43 Arkosic sandstone¥*; gray to tan, alternating medium-fine grained
and medium grained sandstone layers; subangular, well consoli-
dated, little matrix or cement, packed, graded bedding. SLIDE 11.

0.2 0.05 Arkosic sandstone; black, medium-fine grained, well consolidated,
laminated,

0.2 0.05 Arkosic sandstone; gray to tan, medium-fine grained, well-conscli
dated, subangular, mica laminae, laminated. GSLIDE 10.

0.5 0.15 Arkosic sandstone; alternating layers of fine and medium grained

sandstone, graded bedding.

¥ Arkosic wacke in original log.
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THICKNESS DESCRIPTICN

FT. M,

top

0.6 0.17 Arkosic sandstone*; tan, medium=fine grained, moderately
well-gorted, granular, little corrosion but visible sericite,
mica laminae, laminated., SLIDE 9.

2.2 0.68 Arkosic sandstone¥; gray, medium grained, poorly sorted, sub-
angular, well conscolidated, visible matrix, graded bedding.
SLIDE 8.

1.6 0,49 Arkosic sandstone, gray, medium-ccarse grained, poorly sorted,
well-consolidated, subangular, little matrix or cement, graded
bedding. SLIDE 7.

0.4 0,12 Arkosic sandstone; gray, medium grained, poorly sorted, well-
consolidated, angular tec subangular, little matrix or cement,
graded bedding. SLIDE 6.

2.5 0.75 Arkosic sandstone, gray to black, coarse grained, poorly scrted,
laminated, well-conseclidated, angular grains, little matrix
or cement, little corrosion. {(Looks like SLIDE 4). SLIDE 5.

0.2 0.05. Shale, black,

3.2 1,00 Missing.

1.8 0.55 Arkosic sandstone, black and white, medium grained, poorly sorted,
well-consclidated, subangular, clean. SLIDE 4,

0.3 0.09 Arkosic sandstone¥*; tan, medium-fine grained, semi-consolidated,
laminated, poorly sorted, grains packed by sericite and corroded
material. SLIDE 3.

0.3 0.08 Missing.

0.1 0.04 Arkosic sandstone, gray to black, coarse grained, conglomeratic,
loozely consolidated. SLIDE 2.

2.4 0.74 Missing. A few pieces of fine grained black coal.

4,6 1.41 Missing.

0.1 0.03 Trace of arkosic, fine grained, hematite coated, loosely cemented
sandstone.

3.5 1.08 Miszing.

¥ Arkosic wacke in originial log.
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H. Logs of three shallow cores from the coal measures on the eastern margin
of the Richmond Basin at Tuckahoe Village, Va.

a. TUCKAHOE VILLAGE WEST: H-2

THICKNESS DESCRIPTION
FEET
top
4.0 Fill - coal, shale, cinders and silty clay.
6.0 Brown, silty clay.
0.5 Brown, semi-consolidated, weathered, micaceous shale with
partings.
1.6 Dark gray, weathered, carbonaceous shale with oxidized partings.
Fissile,
3.4 Dark gray, micaceous, highly carbonaceous shale.
1.1 Dark gray, micaceous shale., Fissile.

b. TUCKAHOE VILLAGE WEST: H-3

THICKNESS DESCRIPTION
FEET
top
10.6 Fill - Coal, shale, cinders and silty clay.
5.8 bark gray, micaceous, carbonaceous shale. Fissile

¢. TUCKAHOE VILLAGE WEST: H-4

THICKNESS DESCRIPTION
FEET
top
4.0 Fill - coal, shale, cinders and silty clay.
6.0 Brown, silty clay.
2.0 Dark gray, micaceous, carbonaceous shale. Slightly fissile.
1.8 Dark gray, highly fissile, micaceous, shale,
1.2 bark gray, micaceous, carbonacecus shale, Breaks along partings.



74

9q R pojvuue] LUyl ‘sneajsn] ‘[T

{0 T . v . T Lwod ‘Ayaolg
‘MO LUOMINY UM oag-YsTano[af pue you[q ‘o[rys
69 ) Ars Apydns ‘pereurure]
£o5100D "UMOIG-SIPPAL 1L P3ljiour Awad-1ydn ‘opuys
(thd : POUILIS-OUY ‘PoI-0TIRWIaY ‘DIR0MIv ‘JUO}Spueg
e FALSSUUI Pal-a0n1ewal Yl papjowr fvad ‘a|eyg
g¢ S oryjedsprag
‘SNOIDRITL A{BEIBOD ‘POPPIY-2AISSTWM ‘DUOISPNIY
g0 U _ C SNOBOTUOQARD S[JYIIE 'SNOIIRIIW
orgudsprol APUSIE “LA0Ig-YSLuo][as 0) £115 ‘9reys
e e . X e : 319 k
0'cy 210, 0 ) [PEREN LA
— A[[BOLIIUBIUO0D ‘SAINPOU 2IJIUOWI]  JUOZ IP|NPON
0's ‘ Lo ©OEN020EIIUL ‘pajuury] o - . ) . N
L[9wY ‘SAUOZ SNOUIENAID] [UI0] *A1aT 0] UMO0Iq ‘Opyg R0 SUOBULIW LPUY ‘GaA0IQ-YSTaMoljal 01 Suld ‘DuysS
Lo oo ' DAUIRIF-a8a1200 ] 0 _._u,mumcmﬁww _uoﬁm?.ﬂ.&-o.r.:ﬂmou
03 ~dUY ‘SNO3RIIW ‘UMOIG-USIAO][0F DISOHL “DUOISPUTS WAOIQ-YSIPPII 03 UAM0IG-M0[[0L DISOYIL DUOISpURG
g e SN0IDRITUWL ‘PIjRUTULR] ol S : o SnosoToId
£]2UY ‘$OU0Z $NOUIINIID) [UI0] ‘Auad 0] UA0IQ DPYS ‘Unoiq-ysraolng ‘pojuuiuie] ARyl oassu eyg
0'T 499100 ur Suand A[Uys ‘SNO0ITUOGILd POUICIS-081809 G0 DIISEY ‘SNOIIWIIW "Un0IG-YsLinad 9[vyg
03 -OUY “SRO2DVINY WAOIY-YSTAMOI[DL ‘DI¥ONIY fauolspueg g0 SNOJDLAW WAMOA-HIUD 0F WWoIg-[Inp ‘ajeyg
€0 . T sjuswseay o1 (700 BUIS[I040 0JUT [muoNUpwid 1N0yIN0a) $N0ad
H . 3 3 5 . oea - . H :
JUBE U0 "pajuuiue] £13Uy ‘usodq 0} Sead ‘9[oyg SBUGOITD  CSN0UITUL CUMOIQ-MIRP 0} MR- “Hmys
£ pauizIg-winipatu of -ouy UMDI ST O[04 =7 : pappag AUl Lo ‘Unoq-asp (rod
POEBUIV G __uu._xuccq.;. g pue a3y .u_mcum.:q. .o:Bwﬁﬂmw
: : 0 , _ pouIeas-0:1100
&Y : & AHIS ARYSIN “pajeurt UMOTC-USIPPIT 07 UMOI(-W0[10.5 2IS0NIT IU0SPULS
TAVEI AT SIPEY Ita poniowu Lvad-yydg ‘e . {
(oa) (ST {318 pagy oI ereys (139.0) Asopeqy
S4AUN [, A301043T ST

*gT-ST *d ‘QL6T ‘utMpoon wodj * [8FUBJPENG UBTUOT
=PI JO UTSJBW UJSLSED JO 1%9M S8TIW 3°Q ‘peoy uoqgden Juole
SoJNSesll TROD OTSSETJL UTUITA UOTL088 2TI4deadTariqs pounseap



Js

S TR
o, T imglniot
Thod chericurmy soudstone oL
Plamt Bniaheoray westone oo
Do Ty el slnte oL
el e e e e e e
spitlicens sandetone (gointedy o0

and entedd Shade (very panted )

P o~ r|!- L‘U.'{’

T e e Sl Tren interstrat ied wiith infe

e Teepn el L L
Vie e e el
I T

Sl eset o Belde hbbanneus Lo

RS E LY
O L
s D e cond hettore cond of mmdn seauny L
Pl gy shee duvpsiferonsy o000

PoadfeyTe FE froferive onear Viilothio,

After Heinrich.

5

Section on the Bailey's Hill property near Modlithian,

Chesterfield County, Virginia. From Rogers, 1928, p. 102.
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The Section at Carbon Hill, Va., according to Russell. Reprinted
from Wadleigh, 1938. In Davis and Evans, 1938, p. 45.
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Measured stratigraphic section at northeast end of Lake Salisbury
about 2 miles north-northwest of Midlothian, From Goodwin, 1970,

p. 17.

Thickness

Lithology {Fect)
Tertiary gravet (24.5 {eoct)
Gravel, very coarse with cobbles, highly limonitized

with randy matrix A S 7.5
Gravel, very coarse with cobbles, moderately limonitized 17.0

Triassic shale aud sundstone (60,0 feet)

Sandstone, hematite-red to olive-brown, thin-bedded with
some thin shale laminae . 85

Shale, gray, laminated, weathers deep red in upper part 3.0

Sandstone, hemalitic-red with splotches of yellow-brown,
fine-prained, massive, arkosie, micaceous, with cross-
bedding, channclled, seme carhonaceous streaks, nearly
vertical clay-filled joints prominent ‘ . 13.0

Shale, mottled pale olive-drab to deep-red, very mieaceous 190

Sandsztone, arkosie, mottled yellowish-red 1o hemalitice-

red, micaceous. finc-prained _ 1.5
Shale, moltled yellowish-brown to hematitie-red 0.3
Sandstone, arkosic, hematitic-red, fine-grained 2.5
Shale, mottled yellowish-brown and hematitic-red 5.5
Sandstone, gray, organic-rich ) .. 1.5

Shala, mottled yellowish-brown and hematitic-red,
sandy, miciceous ) . . 5.2

Conglomerate



NI

Diamond Core drill hole record of core 2500 ft. east of the
western border of the Richmond Basin.

a. Driller's lor,

b. Detailed description of lower third of core.

9



B. H. MOTT & SONS, INC.

MAIN OFFICE
HUNTINGTON, W. VA,

DIAMOND CORE DRILL HOLE RECORD

a. Driller's log.

ror Gray Lumber Company ADDRESS Waverly, Va. DATE 3-8-
ON Near  Amelia county (Chesterfield sTATE Va.
HOLE No. 1 (NX! EL DRILLER James C, Beavers DRILL No.
| THiGkaEss o 1] oEmy raow
CLASSIFICATION I
Overburden 1136 101 136 | 10
Red Sandstone w/White, Gray & Red Pebbles | 76 4, 213 2
Gray Sandstone 8 0} 221 2
Green & Red Sandstone w/White Pebbles 20 10 242 0
Red Fire Clay w/White Pebbles 33 71 275 7
Firm Red Sandstone w/White Streaks Mixed | 47 3y 322 10
white & Red Sandstone w/Pebbles 23 4 346 2
Red Clay w/White Clay Mixdd 15 0 361 2
White Sandstone w/Green & Gray Streaks 5 0| 366 2
Soft Red Clay w/White & Green Mixed 9 0 375 2
Red & White Sandstone 44 10| 420 0
White Sandstone w/Red Streaks 63 Qf 483 0
Red Fire Clay 2 6| 485 6
White Sandstone w/Red Sandstone Mixed ) g8 492 2
Red Sandstone w/White Pebbles Mixed 37 Bl 529 10
White Sandstone w/Red Sandstone Mixed 47 21 577 0
- White Sandstone w/Red Sandstone & Pebbles 49 2 626 2
White Sandstone w/Pebbles 25 0|l 651 2
White Sandstone w/Red & Green Sandstone 24 51 675 7
Red Shale 0 20 675 9
White & Red Sandstone Mixed 12 0} 687 9
White Sandstone 11 Gl 701 3
Red Shale w/Sandstone & Pebbles Mixed 10 9| 712 0
Red Sandstone w/Pebbles Mixed 21 71733 7
Red Sandstone w/White Sandstone Mixed 23 508 757 0
Red & White Sandstone w/Mud Mixed 21 6| 778 6
White & Red Sandstone w/Pebbles Mixed 23 6! 802 0
Red Sandstone w/Red Shale Streaks 25 0| 827 0
Hard Red Sandstone w/Pebbles Mixed 6 11 833 11
Red Clay 0 1 834 0
Hard Red Sandstone w/Pebbles Mixed 3 6| 837 6
Hard White & Red Sandstone w/Pebbles 40 ol 877 b
Hard Red Sandstone w/White & Green Streaks| 18 6i B96 0
Crystalized Red & White Sandstone 25 0l 921 0
Crystalized White & Red Sandstone 115 10| 1034 10
Red & White Sandstone w/Pebbles 50 010886 10
Crystalized Sandstone w/Mud & Pebbles 22 811109 6
Crystalized Red & White Sandstone - 80. 41189 10
Red Fire Clay : 0 51190 3
Crystalized White & Red Sandstone w/Peb. 41 31231 6
Hard Red Shale w/White Sandstone 24 31255 9

STARTED 10-31- w77

COMPLETED 2-3- 1978

FORM 1

kh
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B. H. MOTT & SONS, INC.

MAIN OFFICE
HUNTINGTON, W. VA,

DIAMOND CORE DRILL HOLE RECORD

ror Gray Lumber Company aporess Waverly, Va. DATE 3J-B- 178
ON Near  Amelia county Chesterfield state  Va.
HOLE No. l_ ( NX] EL. DRILLER James . Beavers . DRILL No.
THICKNESS OF DEPTH FROM
CLASSIFICATION | STRATA | SURFACE
i|__FEET THs.H%E FEET THS.
Crystalized Red Sandstone w/Pebbles 1 10 0 1265 9
Red Sandstone w/White Sandstone & Pebbles!l 40 3 11306 0
Crystalized Red Sandstone w/White | !
Sandstone & Pebbles Mixed W24 9 11330 9
Crystalized Red Sandstone w/Red Shale 40 7 11371 4
Soft Red Sandstone w/Mud Mixed 11 5 11382 9
Crystalized Red Sandstone w/White Sandstone 8 10 1391 7
Hard Red Sandstone w/White Sandstone Mixed 99 0 (1490 7
Hard Red Sandstone w/White Sandstone &
Mud Mixed , 23 5 1514 0
Black Shale w/Green Streaks 2l 0 |[1535 0
Black Shale (Roller Bit) 17 0 | 1552 0
= |

TOTAL DEPTH: 1552 Feet & 0 Inches

BTARTED 10-31- w77

COMPLETED 2-3- 178 |

FORM 1




b, Detalled description of lower third of core.

g2

THICKNESS DESCRIPTION

FEET
top

6.8 Pink and gray, poorly sorted, fine-grained, silty sandstone. Locally

conglomeratic.

2.5 Red, predominantly fine-grained, sandy siltstone.

6.0 Gray and pink, medium-grained, well-sorted sandstone.

6.0 Pink and gray, very poorly sorted, sandy conglomerate and sandstone.

6.0 Red with blue mottling, silty, fine-grained, poorly sorted sandstone.

1.3 Missing.

7.0 Red wtih blue mottling, poorly sorted, fine-grained, silty sandstone.

Locally conglomeratic.
Red, pcorly sorted, coarse-grained, pebbly sandstone.
Red with green mecttling, poorly sorted, fine-grained silty, arkosic
sandstone.
Furple, coarse-grained, conglomeratic, arkosic sandstone.
Red with blue-motttling, poorly sorted, silty, medium-grained, arkosic
sandstone.
Missing.
Red with blue mottling, poorly sorted, fine-grained, silty sandstone.
Fink, coarse-grained, arkosic, conglomeratic sandstone.
Red with green meottling, poorly sorted, fine-grained, silty sandstone.
Pink and gray, locally conglomeratic, medium-grained, arkosic sandstone.
Red with blue mottling, poorly sorted, fine-grained, silty sandstone.
Pink to red, very coarse-grained, arkosic sandstone and conglomerate.
Red with blue mottling, fine-grained, silty sandstone.
Missing.
Light gray, well sorted, medium to coarse-grained, arkosic sandstone.
Red, poorly sorted, silty, slightly conglomeratic sandstone.
Gray and pink, fine-grained, arkosic sandstone. Coarsens upward
into a very coarse conglomerate.
Red with blue mottling, poorly sorted, fine-grained, arkosic, sandy
siltstone.
Red with green mottling, very poorly sorted, arkosic, silty, pebbly
sandstone.
Fink and gray, coarse-grained, arkosic sandstone and conglomerate.
Red with blue mottling, predominantly fine-grained, arkosic, sandy
siltstone.
Red with green mottling, conglomeratic, poorly sorted, medium to
coarse-grained, arkosic sandstone.
Red, arkosic, coarse-grained, sandy conglomerate.
Red, arkosic, conglmeratic, fine to medium~grained sandstone.
Missing.
Red with green mottling, poorly sorted, arkosic, fine to medium-
grained sandstone.
0 Pink, coarse-grained, arkosic, poorly sorted, sandstone.
T Brownish-orange with blue mettling, interbedded poorly sorted, arkosic
sandy congleomerate and arkosic fine-grained sandstone,
10.3 Red with green mottling, poorly sorted, arkosic, fine-grained sandstone.
Locally siltstone.
4.0 Red with green mottling, pcorly sorted, arkosic, silty, coarse-grained
sandstone.
3 Missing.
3 Red and gray, very coarse-grained, arkosic, conglomeratic sandstone.
2
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Red, poorly sorted, arkosic, sandy siltstone.
Red, interbedded coarse-grained, arkosic conglmeratic sandstone and
fine-grained, sandy siltstone.
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THICKNESS DESCRIPTION
FEET
top
4,3 Red, fine-grained, poorly sorted, sandy siltstone. Locally conglomer-
atic.
4.7 Red, poorly sorted, conglomeratic, silty sandstone. With thin layers
of conglomerate,
3.0 Red and gray, very poorly sorted, conglomeratic, fine to medium-grained
sandstone and shale.
2.8 Pink, medium to coarse-grained, micaceous, arkosic sandstone. Locally
conglomeratic.
3.6 Red with blue mottling, poorly sorted, fine-grained, silty, arkosic
sandstone with pebbles.
2. Pink, very coarse-grained, arkosic, conglomeratic sandstone.
i4.2 Red and gray, interbedded very coarse-grained, arkosic sandstone and
conglomerate.
2.5 Red, sandy, arkosic sandstone.
10.8 Red and gray, interbedded, coarse-grained, arkosic sandstone and con-
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glomerate.

Red, coarse-grained, arkosic, conglomeratic sandstcone.

Red, sandy breccia.

Red, coarse-grained, arkosic, conglomeratic sandstone.

Red, coarse-grained sandy breccia.

Gray with red striae, coarse-grained, arkosic, pebbly sandstone.

Red and gray conglomerate,

Red and gray, coarse-grained, conglomeratic, arkosic sandstone.

Missing.

Red, very coarse, sandy, arkosic conglomerate, Pebbles approx. 1 cm
diam.

Red, poorly sorted, micaceous, conglomeratic, arkosic sandstone.

Red, micaceous sandstone.

Fed and gray, coarse-grained, conglomeratic, arkosic sandstone,

Red, interbedded coarse-grained, conglomeratic sandstone and medium-

grained, conglomeratic sandstone.

Red, micaceous, fine-grained, poorly sorted, arkosic sandstone,

Red, fine-grained, micaceous, silty sandstone.

Missing.

Red, fine-grained, poorly sorted, arkosic sandstone,

Red, poorly sorted, slightly pebbly, ccarse-grained, arkosic sandstone.
Red, micaceous, poorly sorted, fine-grained, arkosic sandstone.

Red, interbedded sandy conglomerate and poorly sorted, fine-grained
sandstone, Max. pebble size 3 cm diam.

Missing.

Gray and pink, very poorly sorted, coarse-grained, arkosic sandstone,

Red, fine-grained, poorly sorted, arkogsic sandstone.

Red and gray, interbedded coarse and fine-grained, poorly sorted,
conglomeratic, arkosic sandstone.

Gray and pink, sandy conglomerate.

Red, poorly sorted, ccarse-grained, arkosic sandstone.

Red, fine-grained, silty sandstone.

Red, poorly sorted, fine and coarse-grained, arkosic sandstone.

Missing.

Red, poorly sorted, fine to coarse-grained, arkosic sandstone and
shale.
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THICKNESS DESCRIPTION
FEET
top
0.8 Gray, poorly scrted, coarse-grained, arkosic sandstcone.
2.8 Red, interbedded silty sandstcone and poorly sorted, slightly conglom-
eratic, silty sandstone.
3.6 Gray and pink, poorly sorted, coarse-grained, arkosic sandstone,
Locally conglomeratic.
0.6 Red and gray, poorly sorted, fine-grained sandstone, Locally
conglomeratic.
3.4 Red, poorly scrted, fine-grained, arkosic sandstone.
1.8 Pink and gray, poorly sorted, coarse-grained, arkosic sandstone,
1.5 Red, sandy siltstone,.
1.7 Gray and pink, poorly sorted, coarse-grained, conglomeratic arkosic
sandstone,
8.7 Red, poorly sorted, fine-grained sandstone and shale.
1.7 Missing.
1.2 Gray and pink, poorly sorted, medium-grained, arkesic sandstore,

Locally conglomeratic. Fining upward.
0.6 Gray, well sorted, medium-grained, arkosic sandstone.
0.3 Red, very fine-grained, micaceous sandstone.
8.9 Gray and pink, ccarse-grained, poorly sorted, conglomeratic, arkesic
sandstone,

1.0 Red, poorly sorted, fine-grained, silty sandstcne.

3.1 Gray and pink, coarse-grained, conglomeratic, arkosic sandstone.

9.1 Red, interbedded poorly sorted, fine-grained, arkosic sandstone and
shale,

0.6 Orange, poorly sorted, coarse-grained, conglomeratic, arkosic
sandstone.

3.0 Red, poorly sorted, micacecus, fine-grained, arkosic sandstcne.

8.2 Light purple, interbedded coarse-grained, arkosic sandstone and
conglomerate,

2.7 Red, poorly sorted, micaceous, fine-grained, arkosic sandstone with
pebbles.

2.0 Red, pocrly sorted, coarse-grained, arkosic sandstone. Locally

conglomeratic.

1.2 Pink, coarse-grained sandy conglomerate.

9.8 Pink and gray, very cecarse-grained, arkosic sandstone. Locally

conglomeratic.

1 Red, poorly sorted, fine-grained arkosic sandstone.

.9 Red with green mottling, poorly sorted, conglomeratic, arkosic sand-

stone. Angular pea-sized pebbles to 1 cm diam.

3 Pink, sandy, arkcsic conglomerate., Pebbles pea-sized.

.8 Pink, poorly sorted, medium to coarse-grained, arkosic, conglomeratic
sandstone. Pebbles less than 1 c¢m diam.

2.2 Red, interbedded fine-grained sandstone and conglomerate.

3.7 Red, poorly scrted, fine to coarse-grained, arkosic sandstone with
pea-sized pebbles.

1.0 Red, poorly sorted, micaceous, sandy conglomerate., Pebbles less than

1 cm diam.
0.8 Red, sandy siltstone.
1.7 Red, poorly sorted, fine to medium-grained, arkosic sandstone.
7.4 Pink, poorly sorted, medium to very ccarse-grained sandstone. Locally
conglomeratic.,
1.6 Missing.
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THICKNESS DESCRIPTION
FEET

top

3.6 Red, poorly sorted, fine-grained, arkosic sandstone,

1.4 Fink, very poorly sorted sandstone. Conglomeratic. Pebbles pea-sized.

0.5 Red, micaceous, fine-grained sandstone.

1.2 Pink, poorly sorted, medium to coarse-grained, arkosic sandstone,

1.3 Red, medium to coarse-grained, slightly conglomeratic, arkosic
sandstone, Pebbles, pea-sized.

2.5 Red, poorly sorted, micaceous, fine-grained sandstone and siltstone.

6.7 Red, poorly sorted, micaceous, fine to medium-grained, arkosic sand-
stone interbedded with conglomerate (0.3 ft thick).

1.8 Missing.

3.6 Red, poorly sorted, micacecus, fine to medium-grained, arkosic

sandstone.
1.4 Red, slightly conglomeratic, micaceous, poorly sorted, fine-grained,
arkosic sandstone.

0.3 Red, fine-grained, silty sandstone.

1.0 Red, poorly sorted, fine-grained, arkosic sandstone. Pea-sized
gravel concentrated at base.

0.1 Gray, poorly sorted, medium-grained, arkosic sandstone.

1.¢ Red, fine-grained, silty sandstone.

5.1 Pink and gray, very coarse, arkosic, conglomeratic sandstone with

angular and rounded cobbtles up te 4 cm diam.

Pink, coarse-grained, micaceous, arkosic sandstone.

Missing.

Red and green mottling, fine-grained, sandstone.

Pink, poorly sorted, fine-grained, arkosic sandstone.

Red, poorly sorted, coarse-grained, arkosic sandstone.

Red, shale,

Red, poorly sorted, fine-grained, conglomeratic sandstone.

Purple, poorly sorted, micaceous, fine-grained, arkosic sandstone.

Purple, Pcoorly sorted, medium-grained, arkosic sandstone.

Red, sandy siltstone.

Red, poorly sorted, conglomeratic, arkosic sandstone.

Red, poorly sorted, fine-grained, arkosic sandstone.

Red, micaceous, sandy siltstone.

Pink, poorly sorted, arkosic, medium to coarse-grained sandstone.

Missing.

Red, poorly sorted, fine-grained sandstone.

Reddish-brown, fine-grained, poorly sorted sandstone. (Specimen 14},

Purplish-red, micaceous, very fine-grained sandstone.

Missing.

Purplish-red, micacecus, very fine-grained, conglomeratic sandstone,

Purplish-red shale.

Pink and gray, very coarse-grained, conglomeratic, arkosic sandstone.
(Specimen 1).
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1.5 Purplish-red, poorly sorted, pebbly, fine-grained sandstone,

4.6 Red shale.

1.9 Light gray, feldspar-rich, pocorly sorted, medium teo coarse-grained
silty sandstone.

1.6 Purplish, poorly sorted, micaceous, arkosic, fine-grained sandstone.

Locally conglomeratic. (Specimen 3).
38.0 Diabase dike.
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0. Measured section of Triassic sediments in Deep Run Basin, Virginia.

THICKNESS DESCRIPTION
FEET
top
? Cannel coal and bituminous shale.

12.0 Disturbed beds.

8.0 Normal beds.

3.0 Coaly material

12.0 Cover '

2.7 Bituminous shale-ccal.

31.0 Clay shale, gray-black, think oxidized zones.

0.3 Coal. ’
11.0 Maroon-deep orange, silty shale.

0.8 Coal,

1.3 Maroon- deep orange, silty shale.

1.6 Arkosic sand. Lower 3 inches oxidized, organic flecks.

1.0 Reddish~gray maroon siltstone, shaly, organic matter, micaceous.
0.5 Arkosic sandstone. Lower 3 inches oxidized,

4.3 Reddish-gray maroon clay-siltstone.

0.7 Oxidized sand.

5.9 Alternating silty shale and siltstone, Olive drab to oxidized brown.

Scattered plant fragments.

0.5 ' Red-brown arkose, carbonaceous.

0.5 Clay, red-brown and bright orange. Carbonaceous stringers.

0.9 Red-brown, micaceous, arkosic sandstone. Beds of brown oraganic

matter.
1.5 Arkose, greenish-gray, micaceous, fractured, stringers of carbonaceous
and oxidized material.
Fault with 0.5 inch displacement.
1.4 Arkose, greenish-gray, micaceous, fractured.
0.8 Light grayish-green sand; loosely consolidated; locally oxidized
along fractures; local pods of carbonaceous material.

1.0 Oxidized, weakly consclidated arkose.

1.0 Dark gray shale. Locally oxidized along bedding planes.

0.7 Coal with 0.25 to 0.5 inch zones of oxidized shale.

8.4 Coal and shale. Coal beds up to 1.5 in. thick down to 0.25 in. thick.

Interbedded; bulk is shale.
1.2 Arkose, micaceous, abundant plant fragments, shaly.
1.2 Interbedded siltstone and arkose, oxidized,
0.6 Gray clay shale.
0.2 Thin coal seam; very thin clay at base.
4,8 Interbedded siltstone and arkose; abundant plant fragments, oxidized.
4.7 Covered with muck.
Chloritized granite. Slickensided.



APPENDIX II

CHEMICAL ANALYSES OF COAL FROM THE RICHMOND BASIN
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Results of chemical analysis of a sample of screened coal from the
Richmond Basin. From Jones, 1916, ‘In Davis and Evans, 1938, p. 70.
T:a‘{.':’-x’ ¢« e ¢ © 8 ¥ * & " 103".:'. :

v Valatilo mactor e 5545
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Pirod carbin  « o o » o 07.05
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From Wadleigh, 1938. In Davis and Evans, 1938, p. 8l.
Swmrples of ths "carboniis” o the Jesets Brothers mine renticnad were =opsmaiel

into %90 portions, & "dull” and a "lustrous? porilon, snd azelysed szoparately vy Doclsr

Brova with the followlng results:

. prll rortion : Lusfrous portion

Do : i Par C=nt _ Per Cany
‘Gaoon SR R - 70,33 ) .. - EL.52
A,_}Tolatila Hatter . o 15.4;? . | . 11,10
oA : '?3- L e ~:;:=:_ PR 3420 . .:};;L:'_. 6469

Molsture (163s at 200 dazroas Cu) ST m e oss

.'Sﬁlphur - 'T:f ) A - ;‘1 4.0# - _j ' ’ l:’ ;1.§0
Spseifia Cravity | o o s . o Ls5



From Roberts, 1028, p. 108.

nalyses of Bitwnoews Coe! from the Riclmond Dastn

Valatde

Mwstiare Matter

No. Anal.st Location of Mrce ar Pl

1. Ale~ander, J. 1L Madlotinan

20 Andrews, GoW. Coxe Mine (Clover HilD

3 " ichmand com

4. Clemson, TG0 Wilhs Dit (Acina Shart)

5. - Aunderson 'L (Dover)

2. Fieldner, AL C. Cachon HHH near Gavion
ag, o " i o AN

% ileinrich, O ], h *oupnr searn

u, ‘ " M sean

10. Johuson, W. R, Cexe Miae, (Clover Tl
1h " Creck Cutuipany Shait

12, “ Midlothian averawe coal
13, ' Y New Shait

14, . & sereened coal
15 " " 206-1t. whalt
16. “ Cliesterheld Miuning Co.
17. " Carlyou Hill ax crave coal
15. " Tippecanoe Hit

1. " Cranch Toow Shaii, av. 4 spec.
20. " Scotts (Nenam) P

3 “ Waterloo Shait

2 " Deep Run Pu

@ h " " o, A0 spe,
24, " Mielloth:an

26, " Parr's Ovep Bun Mine

26, McCreath. A0S0 Madlothian, Grove Shaft Ser.
a7, * Modlethian average

28, Rogers, W, B. Coae Mime (Ulover Hilh
0 " st Heppe

30 MO and Reed Creck Shatt
3l " tirecnhele Shait

32, ‘o Mardentiend Shad

KN ' Ol Fondishe = hadt

ER “ - " mddie hench
5. * * top bendh

a6, " Powhatan Pits

ar. “ Anderson’s g ¢ Dover)
a8, - T. M. Randolpit it

uo, " Conlbrookdaly

40, . H Scam No. 1
4i. v ' * -
42, o “ * )
4%, ! " “ g
44, " Cranches Upper Seam

43, " [ nggine Shast

. Siilunan &

[lubhard Middothian eoud
by, UL S Geol,
Survey Hichmond Basim

a [Furnishe:l by the UL S Geoleyical Survey; also published

&5, 1914, p. 106

VR O

S Gecdlowical Surves. Prof. Paper 100.A, p. 32

(It
143
TG
.67
150
117
1.90
1.74
1

i

m Bureau

al.66
58,50
R
25,80
26.00
25,50
25058
L2060
18.60
30.98
26.79
2074
71,21

40

H
27.25
23

20,12

s L
| B ]

[

FOLI

A
+
=

PRIV

80

=D
e
=

st}
06
S
S0
P
i

0

—_— A= {2 A

- T TR £~ T T O = =T P P

IT =

=

=)
i~

23.70

Ted
Carinm

ul1,10
35.00
2025
Hf5.060
54.20
6237
3600
n0.30
T1.0:00
35,80
H e
a5.0!
2h 4D
.06
1,08
FRA
S0.08

50.20
DOS
G706
611
HT7.00
54,27

16,70

2107
G350
2G0T
64,60

6205
539.26

12540

7.0
Gi.ah
5.73
+.G1
0,0
G2
1.6
17.20
13,0
1,10
8.07
1474
9,44
.00
10,47
80

S.00
{147

0

T.67

.00

of Mives Hulletin, No.

Malt St

[

R

90



From Roberts, 1928, p. 109.

cAnalvees of the Richmond, Pirginia, Natural Coketd

Voslatile Tived

N Aunlyst Levaton of Ve or Pit AMonsture Sla l' n Al sulphar
1, Bailey, AL F. Chesterficid County S 0 G800 thun L
2. Clemison, T, G, Chesterfield County s .70 3,30 45,00
v Fieldner, AL C. Gayton, Henreo Couny 254 LIS 0. 1054
1. deinrich, Q. ). Carhon Hiii . LA G4 AN 556
5 Johnson, W, K. Carbon Hill R 1Oy 75,03 L8
6. Rigps, R. B, Midlothian “Nawreal Coke™ 1,66 1365 63T 1A 470
s Rogers, W. B Chesterlichd Natural Coke ... 08 SLE0 $.r
X, “ Chesterfield Nawirad Coke G0 3006 1400 .
. Wallace, W, Carbon Hill, Gayion LG 14260 8161 224 a3
10. Wurtz, Henry  Richumond Basin Coal 0.44 1408 TS Rl

a Furnishied by the U7 30 Goelogreal Jacvey: alsa pabiished m DBoeveas of Mivos Unlietin, No,
X5, P04, po 1O

Table showcing ranges of Trivssic coal and coke of the Richiiond Basin

: Maxlmum Ran*e \‘[uu.num Ranve Avcra gn
Constituents : Bit. Coal . Coke Bit. Coal , Coke "Bit. Coal | Coke
Moisture...., ] ERTERER ¥ Tn40 1 0o ll iz ras
Volatile matter. [ 3% i7.00 13,60 a6k 2385 jai
Fixed carbon LTl $L.61 " 30.84 | GLiT I LU S P
To9200 0 400 0 oo b 22 ulld 9.64
Sulphut... Sf2ss  aT0 008 | 035

“ Fieldner, A, C., U. 3. durean of Mines. Bulletin Noo 850 1944, po 10,
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From Roberts, 1928, p. 1lZ2.

Npecifie gravity of Richwond Basin Coal

Scrutl No. in table of
chemical walyses

1O e 1.7285
O 1.319
L | 204
0 T 1.325
T4 1.243
55 U 1.487
O e 1.284
722 1.45]
L T 1,340
2d PO 1.390
2 e, 1.382

Specitie wravity

93



From Woodworth, 1302, p. 38.

FROM N

Capt. Thome- 1

Condroractnlo, ~econ | oseann

Anderon’s il
Bare'~ -

[ 51 ~ INTTHTS
N EE T BTN
Thisl =i
Feairti

S

Uroneh’ s o s hafi,

Belon =,

NoalitTs pite o

Wareriog slsit

Dievys de pins

PR w1

Stoehenee
Fovine s
Megdentae

“l‘[ll, R

Mills el ik

Wili'e piiv. Lo
Greseheie ohos
Crtonel Tlerly

fie Tlark

Peoriong of

Muddie i

Powlivay pits,

tiiie Finney,

L L

et

sl ~eitinn

1

wrly Wondaw ord s

vl omlarE ok TS LIV

ol

U

SRRk

Soveep el gsean 300t 40
~e1m

RINANEE

formeriy woreed by upe-

ot
-

His,

AT

al,

5000

At

s

kN

b

R = N

. ;
Volnhie

irarTo 1

A5
=)

NORHE]

249,00

g I
RN
BRI
245, R
45,15
36,54

28,40

R

Al
o
4.0z
RN
n, ik
A
Y&
22 A0

N

S
S

.0y

B
2,0
3.6
4,60
2,00

U, 82

L1

r

IRIFR

Coler oy gl

Licht mel.
Ligiit eray,

o,

Taint rod,
=rong vind,
Vicht Lo,

Htroag rol

Livchit reddaish.

Slroner red,
Teeldish vellow,
Buit.

L'\«T-‘hr Hrawn,

Lishir red,

Livht pinkish
hegwr,
Jaebt bhrownish
veltlow.
it pfr:k
birowa,

+

il

Ii

Pale bar,
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From Woodworth, 1902, p. 37

RN

-".]'i'f.ll l\'t‘-",‘n uuiu'l’ [:u‘\‘r‘”,

[RUICE AT ‘L 1,* Ii:
Carbos o e e Dosinn o an g
Vaoltlbemarter. ... it e et e e e e i e ...1 gooaN 15,053
AvhoL . e eean. e el T 125
Waler oL e e e e e 1,66
Buiphur ool e e et . [

ver; Wik Bovers, Grolowy of Thn

sCake Tront a heavy bhesLon the easterit vuwine nenr the James
. Virginias, reprint Is~d 10 350
P Natnal eake eollected by T Russend Trom Midlothian: Bnil U, = Geolo Suevey Noo 12, iss7 p,
146. Araivef, R B, Riges.

From Woodworth, 1902, p. 37.

Synopéical view of the chovach ps sl vompusition of coptti cons Tropr te Riciiond area,

ctevoedioy o TV A Joforan 1,8

ion i1 TRk pures, i

[&

Desigaation of & w el
el & ' = T,
- ' ey I
é i i | . L
iz Lo
= | B
o | "
= ~
Buor =l R 10082 w40 L.783 10,72 ovwhe oL 3,44
Crosuel vl . . . . o )
HEoend- L U Y =3 WP R RS S (T S RS i R S0 BN A TPV P R A
Mallo ' i i .
[ETTETEY o ) . .
Aver. RS PR TP ) AT (6 RS I ISR PO S DR L 2.2
Mibdiothue . . . B )
. CLaLt . B SRALL ST I A R Y IR LR | L™ 0y 2 T00 L1 o 0ooy Lo
N I
Midlathean, , .
sereetmeed oLl NS RSPLTY T Wt N SO A T S S B T T~
Clover i1 10N PRSI U T R VI N O AR

Cheste id ’ ' !
Mindig Cvnool 28 =~ M0 15,540 100 Los U678 5.V LYAT 7.

&6t 209

Yo orr nf experititent o the evaporative power andoouber propertics of conisc mnae uteler
anthorits o1 the Navy Department of the United Stotes. 25t Cong., 8o sess., senate Now A b
1-807; wee ppe. $08-i3L. lodd. .
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Analysis of coals given by Prof. W. B. Rogers: 1840 from the "Geology of the Virginias".
From Wadleigh, 1938. In Davis and Evans, 1938, p. 90.

Volatile
Desizmetion of Coaln . Pixed Cardoun labiex Azh galor of A=h
Ia 1230

yéftb ride &5:93 Riyaz :

Cop%e Tuimaa We handelzn 66,10 BQ.50 SeZh Lizht red
Coalbrockdalo Suseud ses £6.43 £3.C0 L e o Lizzs axzy
Ariorsou’s pils, Tirst senua 05.738 28.36 ‘ LaY2 » iéht griyf '
Farts pits = 1st sos  70.80 £4.00 5,50 Taint rad

213 socnm. SR '. - . o 54497 22.85 ' 22.20 k.' .-_Si:rc_g rod
5N meam '_: . - . 65,50 24,70 9.80 Light brom
Mneeam . 00 se.or 285 2260 . Strosg red
Crovch, xrpp.ar soexa 1101 deep v ; 64,60 50,(_)0 7 - 5,20 _ .. -
S2¢54'8 pita (fﬁmarl}' Yoodwerds) GO.E6 SBe70 ' H,40 . 'I-.ig,ht gxuy
Uaterloo Shefs . 5520 25.e0 13,00 - -

Desp Bua nits . : - 69,84 25,16 5.60 - . e
Southaids Jenea River o ‘ ' . , 3 o . -_ -
Stomshesze . - 58.?6 5.50 4,80 C© Light rmeddish
Enztra Shaft . ' | |

‘ f“.’.;i\iau‘leac‘{- B 63.57 -_ 32.83 ,-; $e22 _ Streag rer-i |
- Deth, Polis & Co. . . .7 ‘I . 62,30 S57.65 éoEO ; o Haiiish yeilos
Fi1la & Eeid’s Cresi pit - S7.80 5360 . B0 -0 e
11t pit | o 52490 52,50 - 4460 -iz:‘ilightfbrOﬁ:.
Greexholo Shaft  enaa . 3037 200 Ligat Ted
Capte Loth's 014 Sazlish Shatt, 500 o |

©to 40 thick Bottem - - 53,36 83.82 0.8 -

S pawe 66450 25,40 5.0 | -

[gop . : .. 81.63 23.50 . 9.52 li, e

Poshatan Pits (Finney) > - b3.87 52,33 7.80 .. - -
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Chemical analyses of cocal from the Pichmond Basin.

Evans, 1938, p. 84«85,

Vircinia
_Eearico Countys

Cayton, 1 »ile fron, o milcs
norilh of Lorraire Caxvon Hill
ming, Ce bed {in rajin gareway

Oppeaito roon 45, 324, 6 in.

bed

3 fect £ luch cut .

Samo (in maln gangway
toposise rocm U 3 Y.
3 in, bods 2 ft. 3 in. cut),
1 nile frCL;l, 5. :ai)_.“ea .
: ;orth of Lorraine, Cardon
E{1l I{li.na, B bsd {faco of
right gatgway off slops 3,
- 23 £'t, beyond room 21, 4 fis
_1i in. bed, 4 1, 9 in. cub
Ognditian |

10 Ao :-‘QCOi.vad

e 24 Dry.

Se A3l exd noisture fros.

S In ¥ Tachnieal Pavar® T~ 355, fozued in 1925,

Continued.

97

From Wadleigh, 1938. In Davis and

Samnla Froxie-ta
Ludboraiory VO T I
Hirar - Coméifion  Moisium HECL S Coyools
1250 2 ?.él 2373 GledV
& S - T BN DT
S - 2214 T0.23
150350 b 2e54 - )8.23 TQenk
2 - 16,70 72,07
3 - 18,83 01.1¢
15051 | |
1505)
1 2,11 - £3.53 S6.04%
2 TT . -'24'59 £5,13
s - 9.2 20.50

L
"

tho Buraan of Yiroa oiso rlves tho 100



Cont.

coing mualysos, with the ed2itlon of dsloruizaticns of the Asa-Sortoning

tarplas

From Wadleigh, 1938.

» &3 followsi

In Davis and Evans, 1938, p. 84-85.

e e e e

Softan]ns Tovogmsiney, O

98

e o, AV
velipalature o AL

15GED 2160
5052 2750
15802 £510
Calotilic “-.-*-'J.lla
: . Air , : LRitisa
Ultizatle Dryingz fosxma
Sualzhar  Fyiroeeou arton - Pitrosen OxyEea Lozs Colorins Taita
1,45 4,90 75453 1.81 823 1a9 7435 . 1353
1,47 4,92 28,75 1.65 5.91 9713 70
1.6 5.20 £6.53 205 £.31 - -, ESL2 15384
llsl - L Lad b - 199 - -~
1‘:-5"; - L4 - - - - -
1.51 - - - - - ~ -
. 2015 - Lo b4 69e082 1.59 De23 104 5773 eSS
Ze21 4,720 90,72 1.62 Be42 e . 5924 12453
2,69 5,25 85,95 1.97 4,15 - ©O15149
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From Bladen, undated. In Davis and Evans, 1938, p. 11.

Avalyslis of Coel frem thae Tuekates Vellay

" by Foofansdy He Be Horavas A
S ' L
. - '
- . . . - . I
' . 1) » !
L S Y
"o of (oal .. . Corhsne ¥olasilo Mattes . ach,
e M- R&m‘;clph'a ’ . 65915 ’ . 30050 B . ‘ P
© CAnleraduts © 65443 T 2500 4453
] . - 1 . N ) Y, ‘. et

Barzto pit lat geanm -

- ¢ - 3. -
Yo . .

G0.52

P ]

CDALO L Ser

‘v o oga e C U BAS7 BB 220

® wgm @ €5.50 - 24D 7.5
> E gy v ©OBS.0? . P33 22,50
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From Kimball, 1886. In Davis and Evans, 1938, p. 92.
Chemical analyses of coal from the Carbon Hlll Mine by Professor Rogers.

Lo Doistrre from 87

iDSusceaseseunsonnsssssconssescccronnenosed Licld 1@ Cunle
- Othor vola%ils melter from four 6 SeCIreRlsessvesmrvasereane 1177 Tan Cante
2&:’*:3}‘ trtior frea 4299 lbu..tﬂ.."Ol....btl.tl..'. vessonse 2LalTD ST Co0A%s
r"ixad cﬁrbﬂ'l b‘T 2L ET0NCsevtcrersensnnsctrnsessstennsens 7Osbll TeT ©ong
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From Treadwell, 1928. In Davis and Evans, 1938, p. 121.
Analysis of sanmples of coal taken from tne "C" and "BT

ssams of ths Gayton mins are as follows:

g . npw i
Kolsturs h | | 2.8  i _ 2.11. :
Volnt@la Matter 25.&0_ 23.58_ \
Pixed Carbon | 62.47 56,95 |
ASh ’ | . ] _9—2-;92’- . ' w .'. . .'-..
' B | 100,00 100.00 |
Sulphur - 1,43 : 2,16
i B..T. U. . 13,495 - 12,200

‘Ash Pusion 22,10 24.20 .
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From Wadleigh, 1938. In Davis and Evans, 1938, p. 79-80.

AnaJ.Jsea cf uhﬂ I'atmul Coxa ars cliven .‘m tho I‘ollc».:ina tablo, 74 twcﬁz nc:x ol

'.Vo.faﬂdbl"} sources. I.ost of the znelysss ars old; iae eIcep.ion bai:: cna rada in 1 12 by

oy,

.the V. S Emau of Kinss uni given iz $¥9 Dulletin 65 as Lollcms: ‘
: ¥olatilo FPixed - . ReeTe 0%
}Yoisture  Yottaw Curton Ash Sulnhuy detzrnincd

3
n . : .

' Szznle ag re~

- eetvod 25 - - 165 70,3 0. 0 LE .. .
Dry basis - 16.7 RS 1.2 L5 . -

Jow Moxico Natural CoXxs haa tho following enalysis:
- . 16.8Y 94,10 - B.95 - “
AMALYSES (7 NATURAL COWE FAcy TEZ RICTOID BAGIN. -

" Yolstile ¥Fired

Locution of Miro JHolg turs Mattsr Carhcn Ao Sulrhnr B.T.Ta
T ltalointan (108! 1.66 13,55 7,15 15.85 P S
Chgatarfield Conaty 7 Co- 17.C0 62.20  12.C0 - | -
Chosiar?ield County - 10,70 £3.30  6.00 - i
Cazbon EA1L C 157 9.66 79.93 8.8 = -
Garben EAIL  © - 12 11.58 95,09  11.85 -
Chsnterlicld Cou:-r'aj' - 9.98  E0,30 9,72 - -, e
Chooter?ield Counly = - 16,00 90,00 14,00 - - -
Coxbom Hill S 356 14.26 8161 224 W33 'j-: |
Iieoomend Dﬁsin _ '_ - -0.44- | 14,03 Y17 8,'.51 = ‘ -
axbon Kill (1932) 2,54 16.23  70.24 10,83  leal Ak .
o : ' 2250 B

Arveraze of flve puzlyzes _
by dlffereat eboalsis, L ,
‘—L‘ap‘or’uﬂl by Puﬂ? l .- 12.50 ?9.93 6'55 0.2‘5 : b
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From d'Invilliers, 1904, in Davis and Evans, 1938, p. 50.
l.idlot‘ﬁ. 2 Conl Froperty: Grovy Shald Dnal;

Table Noe L Saspled by E. ¥V, DPIavillieza; Analyced by As S, ¥olforezih,

_ Map o © Tolatile  rixad |  Tated, Talekoens 7
" Lee Jzapla fator - Maetler Carbon  Selpine  Fzh geriien &-azlzd
5 A S0 30,180 45,577 L.585 10,380 4vie | g
8 B oG54 84,016 42,955  BeESH  11.0% o1 gige
¢ 8 . 1.072 20,008 9,140 1760 18.780 7030w S snle
5 D W08 50,022 55,050 - 22l0 10,120 1 915¢ 418
T6 m o W00 BLIS0 53@3 L6 7,350 sx vsw'
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Continuation of d'Invilliers, 1904.
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Chemical analyses of coal from the Midlothian Mine,
From d'Invilliers, 1904. In Davis and Evans, 1938, p. 52.

- | Volatilo Pixed | |
C wator Patier Caztaon Sulphax ASD Nitrozen fovsnia
1 Ll."s--o:fa 23,435 £2,825 2,875 13,635 L.a3s 1.7¢3
2 .51 29.75 . 60,53 1,91 6,53 187 1
8 1,63 28,52 55,50 202 10,85 135 165
4 L8 BLE3 9.9 .04 6,05 e . =
5 .95 29,05 55,50 20 12 e ol
6 138 £8.95  49.C3   _¢-.‘59 .0 e =
15331 The oxact 'loce.tion- of thess saaples, or just vhat por*:i-.m of tie sgem

tzey reprosent are ret definilely xmowrn. Tho lasga percontaze of NHiGocen dataer-

nined in first dhres azuyles will b2 noted.
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~ From Wadleigh, 1938. In Davis and Evans, 1938, p. 93.

°A roecoat {1373) aaalyeis of thes0 ¢0als nads in Clansoy, Scotlazd, by D, Wille

A '

Al ey b
& La? ot

fam vallses, gilves the followinz resulis from ssv2n enalyses of soanles fvem difrors

and loeationa, {(in the Richmond Basin).:

Volatils Llattor : o 14,36 to 34,57 parceat
{Flzod carbon = 55.25 1o B1,61  *®
Coxa {Sulphur . 0.04 to 1,12 .
' {Asn : 2,24 to 8,33 =

) Yater {at 212 dazreas F,) 0.82 t0 1,80 L

Dry eoks, par ton of coal 12 cwt. to 3 qQurug. 13 1% 4o 16 curd,

$ (273.10 1bs

Coke, poercent S S e §$,33 1o 04,13 )
- _ Salptur in volatilo msttor B : 1.4 to 0,78 or ia all 0,13 t0 &
’ . Hozting powsr caleunlated * : .?8,55 to 11.0%
BT co- Specifiec gravity - - Sl 1819 o 1.521
Co Yzigat ol a eubic rooﬁ: 0 77,6 to 82.3 pouads
o | :‘Eéight por inela por acre R 123 %o 153 tons
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APPENDIX III

COAL PRODUCTION IN THE RICHMOND BASIN
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Summary of Coal Production. From Woodworth, 1902, p. 52.

S~UMMARY UY PRODUCTION.

The following table ~hows the production of the Atlantic coast
Triassic coal field~ for the twenty yvears from 1850 to 1900:

Drevelopment of the Atlowtic coust Trbossie coad field by deconniad periods.

JH90, . 1890,
e R T T T T
Licality. i ' Avernge | | Avernge
Production, WVulne, price per | Prodnction,  Valne, | price poT
bl ' . 1o,
1 1 l
T - i - : |
Cliceteriield. and Hen- * ‘ 1 |
rico counties of Vir- ‘: | i i
ginia, and North Car- Tone. | 7 !
olima . ooaoail... 45,420 Blug, 202 0 E230 . 45,262 &7V, 804 0 8172
. . ' |
Inerense af 1390 over 1880, " 1900.
Leocality. ! '
’ Produc-  Puer — Per  Produc- . Averaze
tien, cent. Vulue, venl, « tion. Value, : prl‘(:n,\er
e |
Chesteriield and Hen- ! " ' } '
rico eeunties of Vip- ‘ w ‘ E
- < | !
ginia, und North Car-  Tone. \ : . Tons i
aling .. ..., 1,883 . 4 gL, 338 22 5T, M2 203,777 ] $L.79
'
N R S S
' IncTease of 1900 over 1590,
IIK‘R]il}'. e T s i ol P
Produetion. ' T'er eent. } Vrlne. " Per cent.
. 1 '
— . | |
Chesterflicld and Henrico couities - Tous, ! :
of Virginia. and North Carolina. . 12, 630 27 . §25,913 ¢ 33

| : Lo r

. i | L

aN. M. Darwen, Buil. U, % Geol. Survey Ko, LS, p. 2. b Decredne.
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MINERAL RESOURCES
of the
RICHMOND TRIASSIC BASIN

By: Gerald P. Wilkes



Mining District Notations

Deep Run Basin

This area represents one of four outlier basins in which the coal
measures have been preserved. The coals dip steeply (up to 74° east) on
the western margin and gently (lO0 to 20° west) on the eastern margin,
Early mining was achieved by slopes but later shafts were used to reach

the coal. At least one coal of undetermined thickness was mined.

Carbon Hill District

The area covered by this district is on the east side and begins at
the feathering out of the coal measures just south of the junction of
Church and Gayton Roads and continues south to the James River. Included
in this district are the mines in the Flat Branch (outlier) Basin. As
compaired to the other mining districts, the Carbon Hill area has the
fewest problems in continuity and wvariability in the coals. Minor rolls
are indicated in past mining but were not severe enough to complicate 18th
century mining practices. TFour coals are present: The "Coke'" seam is
uppermost in the section and is so-named because it has been altered to
natural coke by the intrusion of diabase dikes and/or sills, Average
thickness of the coke seam is 6 to 8 feet. A 60 + ft. sandstone and shale
interval separates the '"'Coke'" Seam from the underlying '"C" Seam. This
seam is from 2 to 5 ft. The "B" Seam (3 to 5 ft) is separated from the
"C" by 12 + ft. of shale and sandstone. Underlying the "B" is the "A"
Seam, separated by 40 + ft. of sandstone and shale. Average dip of coals

is 250 west,



Midlothian District

This district is on the east side of the basin, beginning at the James
River and going south to the end of the coal measures (east of Swift Creek
Reservoir)., Included in this district are the Stonehenge, Union, and
Blackheath Basins. Several rolls and minor faults in the strata had caused
mining problems, but most could be rectified by methods used at the time of
mining activity. Four coals are generally found in this district: The
uppermost (first seam) averages 5 ft. (3.5 ft. ceoal and 1.5 ft. shale
partings); the second seam 1s one ft. thick and ié@ocated in the 47 4+ ft.
sandstone and shale interval between the first and third seam (12 ft. with
0.2 to 2.0 ft. of shale partings), an unnamed coal (14 ft. thick) is
separated from the third seam by 10 4+ ft. of sandstone and shale. Average

dip of coal is 22° west, varying in places due to rolls in strata.

Clover Hill District

This district is on the east side of the basin, beginning near the
junction of SR 664 and 655 and continues south across the Appomattox River
to an area west of Whites Store. Three ccals are represented in this
district: The top seam (3 to 5 ft.) is separated from the main seam ( 7
to 20 ft.) by 10 to 30 ft. of sandstone and shale. A 40 to 50 ft. interval
of sandstone and shales separates the main seam from the bottom seam (4 to
6 ft.)

Mining the coals were complicated by a squeeze in the strata which
pinched the coals out for a surface distance of 1100 ft, This so-called

"Garrett Trouble' is located approximately 1300 surface feet west of the

coal outcrops. Mining was terminated when this structure was encountered.



Huguenot Springs District

The area delineated in this district 1s on the west side of the basin
between north of Manakin and US 60, Two coals were measured in the Norwood
Mine (index no. 37): the upper coal {5 to 7 ft. with shale partings)
separated from the lower coal (6 ft. with shale partings) by 10 to 12 ft.
of shale. In nearby mines, up to seven coals of unreported thickness have
been noted, This district is plagued by structural difficulties (faults,
rolls) which made mining practices hard to follow. Dips of the coals in the

. 0 0
mines vary from 20 to 30 west and east,



DEEP RUN BASIN

Towne and Powell's Pits Henrico County
Location: Index no. 1, west side of Springfield Road, 2500 ft. north
of junction Springfield and Hungry Road.
Historical note: working 1842
Reference: Favenson (1942)

Burton's Pits Henrico County

Location: Index no. 2, west side of Deep Run drainage, north of U. S.

250,

Historical notes: worked by Grabs and Co., raised 250,000 bushels of
coal in 1842, coal tranmsported by the Fredericksburg
and Richmond RR.

References: Eavenson (1942), Wooldridge (1842)

Deep Run Pits Henrico County
Location: 1Index no. 3, west side of Deep Run drainage, south of U. S.
250.
Historlcal note: working in 1843
Reference: Eavenson {(1942)

CARBON HILL DISTRICT

Maggie Pits Henrico County
Location: Index no. 4, west side of Gayton Road, 2350 linear feet south
of junction Gayton and Church Roads.
Historical note: working 1892
References: Eavenson (1942), Roberts (1929), Russell (1892)

Saunder's Shaft Henrico County
Location: Index mo. 5, west side of Gayton Road, 2400 linear feet south
of junction Gayton and Church.

Historical notes: 1922-1936 Gayton Coal & Land Corp. no cperations
1914-1922 Herman J. Cook " "
1904-1914 01d Dominion Dev. Co. Operated Coalbrook
1910-1913 " " "
1902-1904 Rust & Davis (bondholders) no operations
1893-1902 Va. Coal & Coke Co. Gayton, Saunders
1887-1893 Richmond Coal Min. & Mfg, Ggyggglgrgghnggﬁg

Co. only

= From 1887 back Coalbrock owned by a different group
from Gayton & Saunders=

1871-1887 James River Coal Co, Gayton & Saunders
1867-1871 Virginia Ceal Co. " "
1834-1867 Several owners inclu. Carbon Hill Coal Co.

220 ft. shaft, mined coke seam at 200 ft.
References: Swartout (1930), Woolfolk (1901), Rilee (1977), Wadleigh, (1938).



Deep Shaft Henrico County

Location: Index no. 6, west side of Gayton Road, about 1000 feet north

of Tuckahoe Village West.

Historical notes: dug in 1841 as Spnead's Shaft, 350 ft. shaft cutting
the '"Coke" Seam and mining the "C" Seam, dip of coal
averages BOOW, owned by T. R, Crunch & Snead and later
by Crouches, connected with Alr and Brooks Shafts,
working 1887,

References: Kimball (1866), Newell (1888), Swartout (1930}, Worth (1857)



' Henrico County :
Index no. 7, west side of Gayton Road at Tuckaloe Village

West.
Historical notes:

Gayton Shaft
Location:

also Coke, Orchard, Twin and Breaker Shafts.

* Onc of 3 to be pperated in the area after 1873 (See Coalbrook & Saunders);
p. 24 :

*+ "Guyton shaft or Coke shaft formerly known as Orchard or Twin Shaft of

which Breaker Shaft is the noirth shaft and was sunk to 1802 to whin by

Crouch & Snead about 1810, The oth:r shaft not so decp, about 40' south
and afterwards filled with rock., T.e Richmond Ccal Mining and Mfg. Co.
dug this shaft to 325 foot".

. 1922-1936

Gi.yton Coal & Land Corp. no operations

1914-1922 Horman J. Ccok " "

19041914 0..d Dominior Dev, Co. Operated Cocalbrook
Note: Gayton, 1910-1913 " : "
Saunders & 1902-1904 Rust & Davics {bondholders) no coverations
Coalbrook all 1893-1902 Ve, Coal & Coke Co, @ay:on, Saunders &
cwned by one Coulbrook open
group 1587-1893 Richinond Coal Min.&Mfg.Co. Gaytsn & Saunders

only

= From 1837 back Coallroock owned by a different group from
Garton & Saundaxr:z =

1371-1687 Jancs River Coal Co. - Gayton & Saunders
1267-1071 Visginia Coal Co. " "
1334-1467 Several owners melw. Carbon iill Coal Co.

(all of above from Swartout, 1930}

* Coals mined: Coke Seam -~ 8 to 10 ft, thick, 5 to 7 in. of shale in 2 partings,
327 ft, {vertical) deep at Gayton Shaft wherc intersects
and. then follows in slope fovr 1300 ft., dip aver-
aging 23° .

This bel is assumed to run
of the »asin at a depth of 1500 ft.

It rises again on the west cide at a dip of approximately
35 E a: the vestern outcrop.
West outcrop is partially north

horizontally at the center

& south of the James

River. =
ks Anz lysia: Molsture 0.90% -
Voo Mat 5.75%
rix Carb BG,.72%
Ach G.62%
Sulfur C.60%

Coal No, 1 {"C" Beam) - lies 60 ft. below
6 to 6,3 ft. w/ a 1" pagt.
Dip of eppro. imately 257 W

Coke Seam,thickness of

Analysis: M isture 0.79<
Ve 1 Mat 26.60%
I : Car» 69.20%
Ah 3,36
§ 1lfur 0.63%



Gayton Shaft (cont.)

Coals Mined (cont); Coal No, Z ("B" Seam) - lies 12 ft. below "C" Seam,
' 4 £, thick w/one 1" parting.

Analysis: Moisture 0.68%

Vol Mat 26,99%

Fix Carb 66.98%

= Ash 5.15%
- ! Sulfur 1.13%

Coal No, 3 ("A" Seam) - lies 40 ft., below "B" Seam,
7 ft. thick w/partings total. 5-7 in.,

e a widely mined coal.

= Analysis Moisture 0.70%
Vol Mat 25.24%
Fix Carb 66,11%
Ash 7.95%
Sulfur 1.04%

(the abhove data on coals mined, from WOOlfS&fY 1901}
References: Woolfolk (1901), Swartout (1930), d"Invilliers (1903 & 1 3
Treadwell (1928), Jones (1917), Lawton (1942 & lQﬁ&),
Roberts (1928), Wadleigh (1930), Rilee (1977).

o



Coalbrook Slecpe Henrico County
Location: Index no. 8, south of Gayton Road, between Tuckahoe Creek
and Copperas Branch.
Historical notes: alse Carbon Hill Mine and 0ld Diminion Development
Co. No. 1 Mine

1922-1936 Gayton Coal & Land Corp. no operations
1914-1922 Herman J. Cook " "
1904-1914 01d Dominion Dev. Co. Operated Coalbrook
1910-1913 01d Dominion Dev. Co. " "
19021904 Rust & Davis (bondholders) no operations
1893-1902 Va. Coal & Coke Co. Gayton, Saunders

& Coalbrook open
1887-1893 Richmond Coal Min, & Mfg. Gayton & Saunders

Co. only

= From 1887 back Coalbrook owned by a different group from
Gayton & Saunders =

1871-1887 James River Coal Co. Gayton & Saunders
1867-1871 Virginia Coal Co. " "
18341867 Several owners Inclu. Carbom Hill Coal Co.

separated from Deep Shaft by roll in the strata, Main slope
is 1666 ft. west of coal outcrop, coals dip varies from
16° to 35,

"A" COAL The "A" coal consists of 10 feet of coal strata,
upper 5% feet is of poor quality and unmarketable at pre-
sent. The lower 4) feet is cut up by slate partings and
bands and would have to be crushed and washed before it
could be marketed. Not at present operated and of no
commerclal value at the present time.

"B" COAL The "B" coal lies approximately 40 feet
higher than the "A" coal and has an averape thickness of
36 inches, and 1s consistent throughout the entire area
developed.

"C" COAL The "C" coal lies from 1% to 8 feet above the

"B" coal with an average interval of about 5 feet, and
this seam has a variahlethickness of from 3k to 6 feet,
with an average thickness approximately 4 feet. These

two seams, the "B" and "C" are worked In conjunction

JR B with one another in the existing sope. There are local

area where one or more beds have been converted into
natural coke by contact with or proximity te igneous
rock intrusions (from Swartout, 1930).
References: Wadleigh (1930), Rilee (1977), Woolfolk (1901), d'Invilliers -~
(1903), Swartout (1930).

Edge Hill Shaft Henrico County
Location: Index no. 9, north side of Gayton Road on west side of Flat
Branch.

Historical notes: worked by John Barr (1835), Richardson (1842), J. C.
Deaton (1846), Perkins Novdson and John J. Worth;
depth of shaft 264 ft. to the "B" Seam, cuts "Coke"
Seam at 180 ft.
References: Wadleigh (1930), Rilee (1977), Kimball (1866), Daddow (1875) ?
Eavenson (1942), Newell (1888).



Woodward and Cottrell's Pits Goochland County

Location: Index no, 10, between U.S. 6 and Tuckahoe Creek, 4000 ft.

east of junction SR 649 and U.S. 6.

Historical notes: alsc Trent Pits, FEngine Shaft (No. 2) and Mule Shaft
(No. 3); first mention 1835, working 1846; mine con-
sists of two shafts:

Fngine Shaft - TD 185 ft., mined "C" Seam (6 ft.)
and "B" Seam (4.5 ft.)

Mule Shaft - TD 125 ft., cuts "C" and "R" Seams
and mined "A" Seam (6 ft. coal)

References: Wadleigh (1930), Russell (1892), Daddow {1835), Newell

{1888), Swartout (1930), Kimball (1866).

MIDLOTHIAN DISTRICT

Trabue's Pits Chesterfield County
Locatlon: 1Index nos. 11 and 12, 1000 to 2000 ft. south of the James
River and 1500 ft. west of Salles Creek,
Historical notes: first mention in 1790, working 1815 to 1819, sold
in 1835 to Thomas M. Burfoot and worked by Stanford,
Duval and Co. as Burfoot's Pits,
Three beds encountered, uppermost natural coke,
middle 3 ft. cocal, lower 1 ft. coal.
References: Wadleigh (1930), Shaler and Woodworth (1899), Roberts (1928),
Ritz (1975).

Major Clarke's Pits Chesterfield County
Location: Index mno. 13, west of Salles Creek, 4500 linear feet northeast
of junction SR 902 and 711.
Historical notes: mentioned in 1842 that coal was mined here some years
ago.
References: Ritz (1975), Wadleigh (1930), Wooldridge (1842),

Salle's Pits Chesterfield County

Location: 1Index no. l4, west of Salles Creek, 1700 linear feet northeast

of junction SR 902 and 711.

Historical notes: mentioned 1790, sold by l.Heath to Wills Brown and
Co., working 1835, later sold to English Co., shaft
mine.

References: Wadleigh (1930), Ritz (1975), Roberts {1928), Shaler and

Woodworth (1899).

Dickenson Coke Pit Chesterfield County
Location: Index no. 15, on Falling Creek tributary, 3500 linear feet
southwest of junction SR 711 and 720.
Historical notes: opened as test pit by the Richmond Syndicate (1930),
mined coke seam 9 to 12 ft. thick.
References: Wadleigh (1930), Richmond Syndicate (1930).



Black Heath Pits Chesterfield County
Location: 1Index no. 16, on tributary of Falling Creek, 3500 linear
feet south of junction SR 711 and 720.
Historical notes: opened about 1788 by Heath Mining Co., working 1810
working 1835 by Chesterfield Mining Co., working
1839 to 1840, 1842, 1854 to 1855, by 1887 all that
remained was a pond or swamp; slope mine (1350 ft.
length), gas explosions in 1839 and 1844 with 40 and
11 killed, respectively; all cannon foundries in
Richmond in 1838 use ccal from this mine.
References: Wadki gh (1930), Taylor (1848), Cox and Heinrich (1888)
Roberts (1928), Ritz (1975), Russell (1889), Rodgers (1840),
Daddow and Bannon (1866), Clifford (1887), USEM (1934).

Buck and Cunliffe's Pits Chesterfield County
Location: Index no. 17, at Black Heath Pond, approximately 3700 linear
feet south of junction SR 711 and 720.
Historical notes: working 1790, also M'Call and Cunliffe 1791, Cunliffe's
0ld Pits 1838, mined out by 1842,
References: Wadleigh (1930), Roberts (1928).

Gowrie Pits Chesterfield County
Location: Index no. 18, at junction of Falling Creek and tributary
leading to Black Heath Pond, 4500 linear feet north of
junction SR 677 and US 6.
Historical notes: working 1821, working 1839 (owned by Mosely & Brauder
and leased to Geo. F. Swann).
References: Wadleigh (1930), Roberts (1928), Ritz (1975).

Etna Shaft Chesterfield County
Location: Index no. 19, 100 feet west of the Southern Rallway track,
2900 linear feet north of junction SR 677 and US 6,
Historical notes: alsc Willis Pits, Aetna Shaft; operated during the
period 1842 to 1880,
References: Wadleigh (1930), Roberts (1928), Shaler and Woodworth
(1899).

Hancock Shaft and Woodrow Shaft Chesterfield County
Location: Index no. 20, 1000 ft. southwest of junction SR 624 and US 6.
Historical note: Located on Manders tract.

Reference: Chesterfield Co. Courthouse, Oct. 24th, 1944,

Rise Shaft and One Eye Slope Chesterfield County

Location: Index no. 21, approximate location 2000 ft. south of junction

US 6 and Falling Creek, west of Falling Creek,

Historical note: These and other mines worked area known as the Stonehenge
Basin. This basin represents a group of outliers that
have been isloated from the main basin by deformation
and erosion. The other basins are the Deep Run, Edge
Hi11, Black Heath and Union Basins.

Reference: Heinrich (1873), Schmitz (1895) Chesterfield County (1944).



Pump Shaft

Location:
Historical

References:

Sinking Shaft
Location:
Historical

References:

Grove Shaft
Location:

Historical

References:

Murphy Slope
Location:

Historical

References:

Union Pits
Location:

Historical

References:

Chesterfield County
Index no. 22, 2300 ft. due east of Watkins School on SR 754.
note: 777 ft. shaft, 3.6 ft. coal at 716 ft., located on
Midlothian Co. parcel; in 1840, 300,000 bushels were
produced by 150 men and 25 mules. Explosion 1855 and
sold at public auction 1869,
Wadleigh (1930), Cox and Heinrich (1888), d'Invilliers
(1904), Schmitz (1895).

Chesterfield County
Index no. 23, 1500 ft. nertheast of Watkins School on SR 754,
note: Dug 1874 shaft 1016 ft., drill hole at bottom of shaft
322 ft., total depth 1338 ft.; no workable coal en-
countered; located on Mills tract.
Wadleigh (1930), d'Invillier (1904), Shaler and Woodworth (1899),
Schultz (1895), Woodworth (1902), Russell (1889).

Chesterfield County
Index no. 24, west side of Falling Creek, 3200 ft. southeast
of Watkins School.
notes: Shaft sunk in the 1860's to 632 ft. (lower 1B ft. as
sump) by the Midlothian Company organized in 1836.
Explosion on Dodd's incline 1862 closed mined., Shaft
began cleaning out 1873 , began shipments January
1876. Explosion of February 3rd, 1882 (gas and dust)
closed mine until beginning of reopening in July 1882,
Located 2200 ft. south of Pump Shaft and 600 ft. north
of the Murphy Slope. Workings cut through three seams:
top seam 14 ft., middle seam 12 ft., lower seam 4 ft.;
sugk incline (Dodd's) on middle seam; approximate dip
227w,
Wadleigh (1930), Cox and Heinrich (1888), d'Invilliers (1904),
Wortham (1916), Jones (1917), Shaler and Woodworth (1899),
Roberts (1928), Schmitz (1895).

Chesterfield County
Index no. 24, west side of Falling Creek, 3600 ft. southeast
of Watkins School,
notes: Slope driven in 1890's, July 1923 incline measured
2,330 ft., dripping 19°W at surface and 70%w locally
due to rolls in the strata. This year mined 50,000
tons with shale roof. Working "C" Seam, 42 to 74
inches of shale.
Wadleigh ¢1930), Treadwell (1928), Roberts (1928), Cox
and Heinrich (1888), d"Invillier (1904), Wortham (1916),
Jones {(1917), Shaler and Woodworth (1899), Schmitz (1895).

Chesterfield County
Index no. 25, location not field checked, north of US 60,
south of SR 677,
notes: opened 1827, working 1838 (operator Jacob Beach),
1880 (1,638 tons produced this year, total output
to Richmond Market), mine operated on 8 ft. coal,
located in an outlier basin (Unicn Basin).
Wadleigh (1930), Shaler and Woodworth (1899), Roberts
{1928), Ritz (1975), Eavenson (1942).



Rowlett's Pits Chesterfield County
Location: Index no. 34, tentitive location on hillside 3000 ft. due
south of junction SR 602 and 621,
Historical notes: mentioned 1822, worked two years, southernmost workable
coals 1n this district, worked ccal 2 to 5 thick. Strike
of coal N20° E.
References: Wadliegh (1930), Ritz (1975), Tuomey (1842),

Unnamed Pits Amelia County
Location: Index no, 35, tentitive location on south side of Appomattox
River where Winticomack Creek joins the River.
References: Eavenson (1942),

Huguenot Springs District

Dover Pits Goochland County

Location: Index no, 36, a number of shafts and pits in the Manakin.

Historical notes: represents the oldest mines in the Field; worked by
by Anderson and Moody, later by Dover Coal Mining Co.,
working 1842; strata Inclinations change due to numerous
north-south faults, three coals worked: top 4 to 8 ft.,

- middle 4 to 12 ft., lower 3 to 4 ft.
References: Wadleigh (1930), Treadwell (1928), Kimball (1866), Roberts (1928),
Russell (1889).

Norwood Slope Goochland County
Location: Index no. 37, 3600 ft. north of junction SR 652 and 711.
Historical notes: working 1878, 1885, slope dips 20° to 25° west, slope
length (1885) 300 ft. exposed two coals: upper coal
5 to 7 ft., lower coal 6 ft., both are irregular in
thickness; three parallel faults exposed (5 or 6 ft.
displacement) each dipping 50° to 70° east, coals pinch
to stringers at each fault, at base of slope a larger
fault was encountered.

References: Wadleigh (1930), Shaler and Woodworth (1899), Roberts (1928),

Russell (1892), Jones (1916), Eavenson (1%42),

0ld Dominion Pits Goochland County
Location: Index no. 38, location not field checked: two miles due west
of junction SR 635 and 711.
Historical notes: owned by Capt. Finney as Powhattan Pits 1820, 1835,
later 01d Dominion Pits. As Powhattan Plts: two
shafts for hoisting and pumping, one 105 ft. deep the
other 180 ft. deep, 680 ft. slope driven on coal at
bottom of shafts. Slope dip 25° to 30 east. Three
coals occur in shafts: wupper, 4.5 ft. at outcrop to
12 ft. downdip; middle, 1.5 to 2.0 ft. at outcrop to
4 ft., in lower part of mine; lower, 3 ft. of inferior
quality coal 4 ft., below middle seam. Mine had one slope
in upper seam and a shorter in the middle seam.
References: Wadleigh (1930), Lucas (1933), Roberts (1928), Russell (1889),
Jones (1917).



Clover Hill District

Mocdy and Johnson's Pits Chesterfield County
Location: Index no. 29, at the junction of Winterpock Creek and Clover
Hill Road, 3300 linear feet north of Winterpock,
Historical notes: first mention 1841, one 100 ft. shaft,
References: Wadlilegh (1930), Eavenson (1942), Ritz (1973).

Brighthope Shafts Chesterfield County
Location: Index no. 30, 1800 ft. southwest of junction SR 664 and 603
in Winterpock; 1000 ft. northwest of Tabernacle Church.
Historical notes: working 1844, gas explosicn 1859, coperated by
Brighthope Railway Co. (formerly Clover Hill Railroad)
in 1860 s 19,040 tons produced by 1860, two gas
explosions 1867, 1873 mine on fire from bollers at
bottom of shaft, 1886 Brighthope Company produced
28,000 net tons, 30,000 net tons in 18875 1888
coal sold for $3.50/ton wholesale, $4.50/ton retail;
three coals worked: upper main coal 5 ft., lower main
coal 13 to 26 ft,, lower coal & ft.: three local coals
totaling 6 ft. above upper main coal,
References: Wadleigh (1930), Cox and Heinrich (1888), Roberts (1928),
Schmitz (1895).

Beaver Slope Chesterfield County
Location: Index no. 31, tentitive location at the pond 900 ft. east
of Tabernacle Church and 1100 ft. south of Winterpock.
Historical notes: slope located on east side of Garrett "Trouble”,
part of Brighthope Railway Company.
References: Wadleigh (1930), Schmitz (1893),

Raccoon Slope Chesterfield County

Location: Index no. 32, tentitive location on east side of SR 621, 1400

feet north of junction SR 621 and 602.

Historical notes: slope on east of Garrett "Trouble'", part of Brighthope
Railway Company, open 1862, gas explosion 1863, one
coal worked (7 or 8 ft. thick), explosion 1879, mine
closed 1884 over royalty dispute, also reported is a
20 ft. ceal.

References: Wadliegh (1930), Shaler and Woodworth (1899), Roberts (1928),

Ritz (1975), Schmitz (1895), Eavenson (1942).

Rudd Mine Chesterfield County
Location: 1Index no. 33, tentitive location on east side of Winterpock
Creek 1000 ft. east of Winterpock.
Historical notes: operational 1923, 1935 by A. A. Rudd, 100 to 200
tons annual production for home use.
References: Roberts (1928).



Green Hole Pits Chesterfield County

Location: 1Index no., 26, location not field checked, 2000 linear feet

southeast of junction US 60, SR 624,

Historical notes: one of earliest in Midlothian District, working 1790,
1840, 1842, one shaft 400 ft.,, located in an outlier
basin (Unicon Basin).

References: Wadlelgh (1930), Roberts (1928), Ritz (1975), Russell (1892),

Eavenson (1942).

Creek Company Pits Chesterfield County
Location: Index no. 27, location not field checked, along Falling Creek,
3000 linear feet north of junction pipeline and SR 624,

Historical notes: working 1835 and 1842; includes Agaze Shaft as a Creek
Company mine; coal mined by this company reportedly a
top 6 ft., bed separated by an undetermined thickness
of shale from a 48 ft. coal (2 ft. total shale partings).

References: Wadleigh (1930), Cox and Heilnrich (1888), Kimball (1866),

Roberts (1928), Ritz (1975).

Stonehenge Pits Chesterfield County
Location: Index no. 28, along pipeline 1000 ft. north of junction of
pipeline and SR 624,
Historical notes: dug 1796 by Martin Riley closed 1832, reopened 1846
by John J. Werth & Co. working 1848,
References: Wadleigh (1930), Roberts (1928), Rilee (1975).



Sayre and Sutherland, Inc

Henrico County

Location: 1Index no. 1, at northeast quadrant of intersection of Gayton
Road and Cambride Drive.

Notes: Both holes completed October 1973,

Hole No., B-1: total depth 64.5 ft.

0 to 0.8 ft.
0.8 to 3.5 ft.
3.5 to 18 ft,
18 to 29 ft.
29 to 52 ft,.
52 to 64.5 ft,

1

1

Seil

Clay-light brown, silty

Siltstone-greyish tan

Siltstone-light grey, with shale stringers
Shale and coal interbedded

Siltstone, light grey, with thin sandstone beds

Hole No. B-2: total depth 63.8 ft.

0 to 0.3 ft,
0.3 to 8 ft.

8 to 14.5 ft.
14,5 to 35.5 ft.
35.5 to 48.8 f¢t,
48.8 to 62.6 ft,

62.6 to 63.8 ft.

—

t

Soil

Clay, brown and grey, sandy

Silstone, brown, with coal seams (bloom)
Siltstone, light grey, with shale and trace
coal

Sandstone, medium and dark grey, fine grained,
with shale laminatioms

Unconsolidated coal and shale fragments, mine
drift.

Shale, black



Froehling and Robertson, Inc.

Henrico County

grey to black

thin coals

shale, silty clay cinders)
silty
grey, highly weathered

shale silty clay, cinders)
grey, moderately weathered

shale, silty clay, cinders)
silty

Location: 1Index no. 2, at Tuckahoe Village West subdivision.
Notes: Hole No, 1, TD 106.3 ft,.
0 to 9.5 ft. - Fill
9.5 to 34.3 ft. - Shale, dark
34.3 to 45,1 ft, - Coal
45.1 to 50.6 ft. - Arkose
50.6 to 53.2 ft. - Coal, impure
53.2 to 77.8 ft. - Arkose with
77.8 to 92.0 ft. - Arkose
92.0 to 106.3 ft.- Void
Hole No. 2 total depth 16.6 ft.
0 to 4 ft. ~ Fill (coal,
4 to 10 ft. - Clay, brown
10 to 16.6 ft., - Shale, dark
Hole no. 3: total depth 16.4 ft.
0 te 10.6 ft. - Fill (coal,
10.6 to 16.4 ft. - Shale, dark
Hole no. 4: total depth 15 ft.
0 to 4 ft. - Fill (ceal,
4 to 10 ft. -~ Clay, brown
10 to 15 ft. ~ Shale, dark

grey, slightly weathered



Salisbury Drill Hole Chesterfield County
Location: 1Index no. 3, tentitive location 500 ft. east of junction SR
902 and CR 1012,
Historical notes: drilled 1898, TD 2386 ft. in shale, 13.2 ft. coke
at 2320 ft.
References: Wadleigh (1930), Jones (1916), Shaler and Woodworth (1899),



Richmond Syndicate Chesterfield County
Southeast hole
Location: Index no. 4, 2000 feet south of dam on Falling Creek.
Log: TD 2337 ft., 19 ft. coal encountered at undetermined depth. Not
drilled by Richmond Syndicate.



Richmond Syndicate

HOligiZ;igm Index no. 5, 1000 feet east of dam on Falling Creek.
Drillers Log:
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DIANOND DRILL

L
.

4

KQwip No,3 (Continued,)

Si\ LEVEL DEPTH ' TaICKNEED
DAT U4 or or CLASSIFICATION,
HOLE STAATA o
85,75 = 305.25 19-00 _ L _ Coiro, some slate mixod in.
26,78 S 315,28 1070w chalo, pray, '
110,67 529,17 15t-11n soendstone, lleht gray, fine.
110,75 3zI.85 Qi-1w Coel ocam, hignhly bituainous.
111.83 350,33 r-1m Sihale,
112,50 331,00 Q!-8n Linestene,
120.00 W50 Ry AR shale, gray, line atrogiks, scme cend-
- atono airoalc.
12).67 340,17 lt.g8n Coal, bltuminouo,
22,59 341.09 ~11"% Slate and ghele, black and groy,
125,25 v 345,75 g1-gn- Sheloe, (ray, clayey.
131.00 349,30 5t.9u Ghnlo and slate, giray, small u*r.\m
: coal at top, :
133.00 : 356,50 (AR *AL Sheole, derk grey, ccmo slate-end - .
bituainous, bands, coL
150,68 - 369.12 1RT-70n Sualo, gray.
151.96 370,46 Itadw Coal, bituvainous
155,33 374,35 5l-1¢hw obhale, proy, nacd,
e 50 264,00 ruge Soudotone, gray, fins,
169.50 308,C0D A8y chalo, gray.
170.00 308,50 SLE TR Cinz,
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_ . ard rome conroo candobonz nized.
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193,75 S A17,35 Qfadn Cozl, blitiminous.
o042 419,92 ARSI shale, oeay, corbonnccous,
S13.17 431,67 119~90 sandstong, groy, fino, ocao shels, '
214,92 435,40 10-9n Sondsione, wiltich gray.
u19.50 433.00 497 Shele, dark girroy, Cguc pondotconce
ctiooaks, ncno sclato oirooxe.
TRA.50 £3.00 LY~Qu Shalo, oy,
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257,81 T : 456.17 L el ﬂCJuJuOEE, ooy, coorce, arhess,
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£ .75 487.25 P BI-Ow . Arkoco, - :
-

Graonito.

Holo complotod at 11:00 A1, 5/81/30/



Richmond Syndicate

Hole no. 4
-Tocation:
Drillers Log:
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Index no. 6, 1000 feet northeast of dam on Falling Creek.
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Richmond Syndicate

Hole no.
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Location:

Index no. 7, east side of Salisbury Road 3800 linear

south of juncton SR 902 and 711.

Drillers Log:
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DISIIOND DRILL HOLE He.5 (Continued,)

’ G TRVOL BUAYOR TALCUIDTS
PRV cr ey CLASSIFICATIC,
Lo AV
- w‘l‘rrr— T
AT T 238,00 - LGS-(® . shale, grov, iime etrcaks.
143,01 449,75 lovegwe Snale, oray.
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Richmend Syndicate

Hole no. 7

Location:
Drillers Log:
47 .88 294,16

63.56 309,91

S
, 65,23 311,58
63,15 314,50
F 69.65 316.00
==
80,58 327.33
84.65  331.00
101.23 i, 347.58
114,56 360,92
115,19  361.54
116,77 362,12
116.35 362.70
127.65  374.00.
- 172.40 418,75
173.15 419,50
173.65  420.00
227,90 474,25
24232 488.67
264.65  511.00
277.65  524.00
284,15 530.50
290,15  536.50
322,40  568.75
327.15 573.50
- . 335,65 582,00

337.32 583,57

Ll e mr s ims s
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. e 1 am e e e N-wrL  mumifert B
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[44]
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Index no. gj‘southwést edge of large pond on Falling Creek.
" Inches

shale gray soft and hard and
beds, wnite

gandstone wnite gray coarse
shale balck

sfandstone gray éoarae

;%éie gray

sandstone,gray, medium, mica
snale gray arnd red, mostly hard
s#ndstone, wnite gray, coarse
snale gray, hard

coal, bituminous, bony

clay and slate mixed

shale pray

shale, gray, some thin sandstone,
gome black shale

coal, bituminous

sandstone, dark gray coarse
ghale, varigeted, some hard, some
soft and broken

light gray coarse

shale, dark and red, some black
clayey .

sinale, mo=tily red, some gray
snile, 1ight gray, hard

shale, blacl, brolen, some gray
sandstone, ligat gray, coarse

pnale dark gray, soft

shale, red

sandstone, gray, fine Dip
219 15



Feet Inches
350,65 597.00 . 13 4 shale gray, ithin gray sandstone,
) ' gome soft clay

359,65 606.00 9 0 ¢lay and black shale, scft,
- il some nulverized
u 362,15 608,50 2 6 shale, gray, hard
390,07 636.46 2 6 gandstone gray, medium some
coal strealks
. %$2.15 688.50 52 1 8hale, gray and black, sone
: « thin sandstones
475.40 721.75 33 3 ..;éndstone, ffne, gray, some
gray shale, streaks and apots
) of coal ‘
492.82 739‘17_x' 17 5 spale, gray, will
501.65 748.00 8 i0 light gray, medium
502.98 749.33 1 4 shale, dark gray
509,63  -755.58 6 3 sandstone, light gray
509.73 756,08 : 6 shale, light gray
511,65 750,00 1 .1 sandstone, light
= 516.48 762.83 4 10 shale; cray
523.98~ 770.33 7 6 sandstone, light gray
533.31 779.67 9 4 shale, gray
537,65 784,00 4 4 shale, black )
546.65 793.00 9 0 ;hale, gray
548,98 795,33 2 4 shale, very dark
551.65 <798.00 2 8 shale, gray a sandstonewstreak
554.65 801,00 3 0 shale, dark gray, soft, clayey
562.65 802.00 38 0 shale, gray some black
564,60 811.00 2 0 shale, balck, broken
581.65 828,00 17 - 0 snale, gray
584,65 .831.00 3 0 shale, light gray coarse
- 567.65 834.00 3 0 shale, gray
5B8.65 835.C0 1 0 gandstone, light gray, coarse
PR  TERY Y  TPee  e ¢ S rn e T TR S g T T T T 1o S e P TTRAE LASA A A m T T R A ER T M daetm t g T



Inches

Feet
600,15 846,50 11 6 shale, gray, some soft
‘E17.65 864.00 17 G \ gandatone, wnite gray, coarse
639,32 885,67 21 8 shale, gray, some sandstone
' streaks
646,65 895,00 9 4 sandstone, light gray,fine
675,15 921.50 26 6 shale, gray, some black, some
= . sandstone streaks
681 .40 927.75 6A 3 ' *3andstone, light gray, fine
719.40 965.75 38 0. shale, gray, some black and soft
- some thin sandstones
743,48 989.83 24 1 gandstone, light gray, fine
748,15 994,50 4 § . éhale, gray and black, sone
pulverized
760,98 1007433 12 10 shale, gray some black and
pulverized, 1 clay seam
764,81 1011.17 3 10 sandstone, light and fine
946.15 1192.50 18 " . 4 shale, gray, dark and black,
" some light gray sandstcne up
to 2 inches
951.50 1197.75 9] 3 sandstone, light gray, coarse
955,15 1201,50 ) 9 shale, gray
a60.42  1206.83 5 4 _pandstone, oil-neavy (I <= seepagc
969,4C 1218.,75 8 11 + gandstore, light gray, coarse
976.32 1222.67 3 11 Sandét:ne, 1151t gray, oil-bearins
984,65 1231.00 8 4 shale, grey and black
1017.65 ~1264.00 33 0 sandstone, light gray:-gil—bear-
ing = seepage -
1022,15 1268.50 4 6 shale, gray
1023.48 1269.83 1 4 sandstone, gray, medium
1025.15 1271,50 1 8 shale, dark gray
1028.65 1275,00 3 o] sandstone, light gray, medium
1062,15 1308.50 33 6 shale, gray, vhite streaks,
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10G68,15

1118,15
1124.82
1155.15

1165,32

;;220.15

1231.65

1234.40
1254.65
1302.65
1305,65
1353415

1358.15

© 1360.,48

1366.50

1379.65

1383.15

1314,50.

1564,50
1371.17
1401.50

1411.67

1466,50

1478.00

1489,75

1501.00°

1549,00
1542,00

1599.50

1604.50

1606.83

1613.C0

1626.00

1629,50

Feet

6

50

6

30

10

54

11

- 11

11
48

3
57

13

Inches
0 sandstone, white pgray, coarse,
shale snlotches
0 shale gray and black
3 '
U sandstone, dark gray oilbearing
4 shale, gray
2 gandstone, light gray, coarse,
oil-bearing.
10 .’ shale, dark gfay, some black
6 sandstone, dark gray, coarse,
12 inches seeping oil
g shale, rray, some black
i fandstone, white gray, coarse
P phale, gray and black
0 gandstone, dark gray
6 shale, gray and black
Q0 sandstone, white grav, coarse,
oil-bearing s secepage
.4 shale, gray, hard
2 sandstone, white gray, coarse,
oil-bearing = seepapge
0 shale, gray
) sandstone, light gray, fine

shale

-




Sea-level

Datuwn
-1383.15

'1394.15
=-1395.656

-1399,65
221408,40
=1132,65

-1442,15

-1445.15

—1449015

-1476.65

-1482.65

-15622.15

Denth
from
Surface

1629.50

1640.50
1642.C0

1646.00
1654,75
1679.00
~
1688.60

1691,50

1696.00

1723.00

1729.00

1768,50 at ihis depth

Thickness
of
Strata
TFeet Inches
11 0
L
4 0
8 9
24 3
9 G
3 Q
4 6’
27 0
6 0

# 7 Hole

Clagsification

Shale gray, some sections
seeping oil

Sandstcne, light grey, fine,.
Shale, black and gray, broken

Sandstone, wnitisn grayy
coarse, oil seeping

Shale, gray and dark, some
sectipns sandstone.

Sandstone, whitish gray,
coarse

Snale, dark gray

Shale, sandy, black, pulver-
ized when takne out

Shale, gray and black some
gtreaks of sandstone some
white streaks

Sandstone, oil seening at
vlaces, some fine, some
coarse

Shale, much broken up.

8/4/30



Richmond Syndicate

Hole no. 8
Location: Index no. 9, 2500 linear feet northeast of junction SR 902
and CR 1012.
log: TD 1072 ft., no coal.



0. HL 1AQTT & 5is, NG,
MAIN OFFICE
HUNTINGTON, V. VA.

DIANMOND CONE DRILL HOLE RECORD

ror Gray Lumber Company aporREss  Wayarly, Va. DATE 3-8~ 1078
ON near  Amelfa county (Chesterfield state Ya.,
HOLE No. {NX) o 8 DRILLER Jarps C. RBepayers . DRILL No.
i ] THICHNESS OF | DEPTH FAOM
CLASSIFICATION | GTRATA | BURFACE

) INB.
i FEET TH8 |

\HB,
FEET THB.

Crystallzed Red Sandstsone w/Pebbles

OO

1 10| 0 J1265
Red Sandstone w/Whiite Sandstone & Pebblesh 40! 3 11306
Crystalized Rad Sancstcone w/White | !
Sandstone & Pebbles Mixed |24 9 11330 9 -
Crystalized Red Sandstane w/Red Shale a9 7 11371 4 |l
5oft Red Sandstone w/Mud Mixed 11 5 1382 5|
crystalized Red Sandstone w/White Sandstor{e 8 10 1391 7
Hard Red Sandstone w/White Sandstone Mixed 99 0 1490 7
rlard Red Sandstone w/White Sandstcone &
Mud Mixed . . 23 5 1514 0
Black Shale w/Green Streaks 21 0 [|1535 0
Black Shale (Roller Bit) 17 0 (1552 0

- i

TOTAL DEPTH: 1552 Feet &4 0 Inches

ETARTED 10-31- w77
COMPLETED 2-3~ '? 78 ! i
kh : | |

FORM §



A and R 011 Company
Data uncomplete on these holes drilled in 1967.
Hole no. 1A, Martin
Location: Index no. 11, east side of Epps Falls Road, 5800 linear feet

southwest of junction SR 621 and 602,
Log: TD 620 ft., no coal.

Chesterfield County

Hole no. 2A, Martin

Location: Index no. 12, east side of Epps Falls Road, 5000 linear feet
southwest of junction SR 621 and 602,
Log: TD 520

Hole no. 1B, Martin

Location: Index no. 13, east side of Epps Fall Rd., 7200 linear feet
southwest of junction SR 621 and 602,
Log: TD 520 ft, no coal.

Hole no. 2B, Martin

Location: Index no. l4, east side of Epps Falls Rd., 5600 linear feet
southwest of junction SR 621 and 602,
Log: TD 482



Grey Lumber Company Chesterfield County
Location: Index no. 10, 3100 linear feet southeast of junction SR 666
. and US 360. \\
Drillers Log:

: . - — -
oA ddem e et e UG 2 U SIS il ” e LA e

B, M. MOTT O SONE, INC,
MAIN OFFICT
HUNTINGTOMN, W. VA,

PIAMOND CORE DRILL HOLE RECORD

ror Gray Lumber Company aooress  Waverly, Va. DATE 3-8- 1078
ON NeaR  Amelia . counNty (Chesterfield state Va,
HOLteE No. 1 {NX) ©EL DRILLER  James C, Beavers DRILL No.
- THICKNESS OF ' pErTH FRAoM !
CLAISSIFICATION ! GTFRATA ] AURFACE !
!‘_Et_‘r 4:&__‘[ FEET  The j
Overburden 1136 1001361 10
Red Sandstone w/YWhite, Gray & Red Pebbles ¢ 75 41 213 2
Gray Sandstone I 04 221 ra
Green & led Sandstone w/White Pebbles |20 104 242 0
Red Fire Clay w/White Pebbles |33 71 275 7
Firm Red Sandstone w/White Streaks Mixed 1 47 37322 10
White & lled Sandstone w/Pebblds 23 41 346 2 |
Red Clay w/knite Clay Mixdd 15 0l 361 2
White Sandstone w/Creen & Gray Streaks 5 0] 356 2 P
Soft Red Clay w/White & Green Mixed - 9 04 375 2 w
Ped & White Sandstone 44 10 420 0
White Sandstone w/Red Streaks 63 01 482 0
2vd Fire Clay [— 61 485 6 J
White Sardstone w/Red Sandstone Mixed P 6 gl 492 2.
Red Sandstone w/Whits Pahhlac Mivad boas nlleaa -

Yhite Sandstone
“hite Sanrdston
vhite Sardst ™
thite Sardre»
Red Shalew
White &
White

Red 7
Rer2 P

Po - r
Pl = gl W e o

BETARTED
CQMPLETED
FOAM ¢



Annotated Reference to Coal .

in the Richmond Coal Field

G. P. Wilkes

Virginia Division of Mineral Resources

Abbreviations of Titles

AIME -~ American Institute of Mining Engineers

Am. Jour. Sci. - American Journal of Science

EMJ ~ Engineering and Mining Journal

Geol. Soc. Pa. - Geological Society of Pennsylvania

USBM - United States Bureau of Mines

USGS -~ United States Geological Survey

VDMR - Virginia Division of Mineral Resources
VGS - Virginia Geological Survey

Anonymous, "The Coal of Richmond (Virginia) Coal Field, Mined
by the James River Coal Company", EMJ, vol. 18, 1874.

Anonymous, "Mine Failures, Up To and After 1865" Explains
economic and mining failures at the following mines:
Bright Hope, Raccoon, Clover Hill Mine (Cox), Sinking,
Grove, Gayton, Coalbrook, Canal Shaft, Dover.

A & R 0il Co., "Geologic description of wells drilled in
Chesterfield County, Virginia", 1979.

Ashburn, Albert, "USGS Mineral Resources for 1887, 1888",
pp. 168-382.

Blandon, John, "Report on Mr. W. A. Blankenship's Farm, Chesterfield
County, Virginia', Chesterfield C. H., June 15th, 1883.
Generalized review of the Richmond Coal Field,
discussion of Clover Hill Collieries which is
located on the adjacent property of subject area.

Brown, A. and others, "Coal Resources of Virginia", USGS
Circular 171, p. 35, 37-43, 1952. Historical growth
and development of the Richmond Coal Field, production
figures, map.

Bush, B. F., "Report on Coal Property, ©ld Dominion Development
Co., Richmond, VA." January 8, 1911,
Discussion of coals found within preperty boundaries,
it's estimated tonnage, freight rates, mine production
and expendatures.



Chesterfield County Courthouse, "Railey-Heth Coal Pits Lease"
May 6th, 1811.

Clemson, T. G., "Analyses of Some of the Coal from the Richmond
Mines", Geol. Soc. Pa., Trans.,, vol, 1, pt. 1, pp. 295-
297, 1835.

Cornet, Bruce, "The Polynostratigraphy and Age of The Newark
Supergroup"”
The Pennsylvania State University, Dept. of Geosciences,
Ph.d. thesis, November, 1977.

Corson, John J., I1I, "Richmond Turns to Coal Mining"
Manufacturers Record, August 7th, 1930.
Qutlines earliest history of the coalfield (1704
and on) and continues, chreonologically to
cirra 1890's. Discusses briefly the Salisbury
Corporation.

Cox, E. T. and 0. J. Heinrich, "Prospectus of the Virginia
Tidewater Coal Co. and Reports on the Property",
Martin B. Brown, New York, January 1888,
Discussion concerning ccmpany's fiancial situation,
mines on property, comparison in analyses to other
coals, letters of recommendations and mining procedure,
maps: location of company property (1"=3% miles) and
{(1320'=1 in.).

Daddow, S. H., "Report on Basins in the Richmond Cocal Field",
1875 (?}).
Discussion of structural difficulties, especially at
Carbon Hill, and mining methods used to compensate
for structure. Cross-sections and Carbon Hill district
map.

baddow, Samuel, L. and Benjamin Bannan, "Coal, Iron, and 0il,
etc.", Lippincott Co., Phila., pp. 47, 395-402, 1866.
Structure of basin, cross-sections, good description
of the coal and various mines, producticn and cost
figures, map.

Farraund, W. P,, "The Virginia Mines Near Richmond and the
James River", Pa. Senate Jour. vol. 2, pp. 567-568,
1833-1834.

Fontaine, William M., "Notes on the Mesozoic Strata of

Virginia", Am. Jour. Sci., series 3, vol. 42, 1879.
General account of North American Triassic Basins.



Froehling and Robertson, Inc., "Logs of 4 Holes Drilled for
Tuckahoe Village West", May and June 1971,

Gay, W. B., "The Richmond Cocal Basin, Virginia", AIME, Trans.
vol. 31, pp. 1011-1012, 1901.

Goodwin, B. K., "Geology of the Hylas and Midlothian Quad-
rangles, Virginia", VDMR, RI 23, pp. 32-37, 1970.
Depositional history and structures in the basin,
maps and cross-sections.

Heinrich, 0.J., "The Midlothian Colliery, Virginia"
ATME, Trans., Vol.1l, 1873,
Description of coal on the Midlothian property,
types of mining systems used, main subject of
working the Grove Shaft while parts were on fire,
discussion of work in high-temperature situations,
map of mine with discussion of various drifts used
in corresponding conditions.

Henrich, 0.J., "The Diamond Drill for Deep Boring Compaired
to Other Systems of Boring."
AIME, Trans., Vol. 2, 1874.
Discussion of the engine and hoisting apparatus,
derrick, bore-house, hoisting rope, diamend bit,
accidents in boring, economic features.

Henrich, 0. J., "Deep Borings with the Diamond Drill"”
AIME, Trans, Vol. 3, 1875,
Observations on holes drilled on the Midlothian
property with relation to hole mechanics and cost.

Heinrich, 0.J., "What is the Best Method for Mining Thick
Coal Seams?"
AIME, Trans., Vol. 2, 1875,
Choosing the best mining system based on size and
pitch of seam, costs and comparison of seam, costs
and comparison of various mining methods.

Heinrich, ©0.J., "An Account of an Explosion of Fire-damp at
the Midlothian Colliery, Chesterfield, Virginia"
AIME, Trans., Vol. 5, 1876.
Description and plan of the Grove Shaft, borehole
data, conditions and cause leading to the explosion,
discussion of ventilation.

Heinrich, ©.J., "The Mesozoic Formation in Virginia"
AIME, Trans, Vel. €, 1878.
Geographic locations of the Petersburg, Taylorsville,
Springfield, Richmond, Aguia, Farmville, Potomic,
Barboursville, James River, Danville & Dan River deposits.
Rock types, physical character of coals, structure,

fossils, economics {coal, clay, oil shales, building



- 4 -

stone}). Cross-sections: Richmond Basin, Piedmont
region.
Heinrich, 0. J., "Section of the Mesozoic Rocks in the "Richmond

Belt at the 014 Midlothian Coal Mine....".
AIME, Trans, Vol. 6, 1879,
Geologic section of the Midlothian Mine shaft.

Hotchkiss, Jedediah, "The Virginias - A Mining, Industrial
and Scientific Journal"; wvol. 1, 1880; vol. 2, 1881;
vol. 4, 1883; wvol. 6, 1885; Staunton, Virginia. Various
articles and discussions by and about other author's
reports in the Richmond Basin. Maps, cross-sections
measured sections.

d'Invilliers: E.V., "Geological Report on the Coalbrook
Slope Mine of the Richmend Coal Mining and Manufacturing
Company, Henrico County, Virginia", December 1903.
Feasibility study of re-opening the mine, geographical
position, geology & structure, geology of the coals
in the Carbon Hill District.

d'Invilliers, E.V.,"Geological Report on the Midlothian Coal
Property, (with Special Reference to the Grove Shaft)
Chesterfield County, Virginia. 1904
Ooutlines demand of coal, geology and structure of
the basin, mining methods, coal analyses, cost
evaluation, transportation.

Jones, Meriwether, "“Coal Report on the Richmond Coal Basin",
May, 1917.
Geographic position, general geology and structure,
coal geology, engineering features of mining. Maps:
Richmond Basin (3/8"=1 mile), Ideal Section of Richmond
Coal Field, Plat of the Midlothian Property, Section
across Stonehenge & Midlothian Properties, Cross Section
of Grove Shaft, Coal Sections, Section at Carbon Hill.

Kimball, I.P., "The Richmond Cocal Field Report", November 1866.
Geographic position, geologic position, structure, coal
guality, listing of mines, mining problems, railrocads.

Lawton, J., "Gayton Coal Mine Inspection Report", September 11, 1944,
Condition of the mine including: faults, water, coke
seam, roof, floor and partings.

Lawton, J., "Report of Progress of Cpening New Slope Next to
Gayton Mine", August 10, 1942, Location of two slopes
on either side of 014 Gayton Mine, sections of coke
seams, progress of mining.

Lawton, J., "Letter to Swartoeut for Purchase of Rails”
September 29, 1943,



- 5 -

Lemist, H. T. & C. F. Taylor, "Correspondance between Lamist
and Taylor concerning Carbon Hill District'| March
1921. Names of mines, history, water, labor,
coals worked by individual mines, faults, tonnages.

Mathews, H. L., "Soils of Chesterfield County", January 1970.
Scils maps of Chesterfield County.

Maurice, John F., "Letters to John Swartout", Sept. 23 & Oct
7, 1939. Concerns the possibility of reworking
spoil piles, includes washability and ash analyses.

Miller, M.S., "Report on the 014 Dominion Development Company
Property, Lorraine, Virginia", May 2nd, 1913.
Location of property and mineral interests, brief
discussion of basin geology and coal & coke on property
with tonnages in reserve, analyses and continuity of
the seams.

Morrison, Andrew, "The City on the James - Richmond, Virginia"
Geo. W. Englehardt (Pub), Richmond, VA., 1893,
Coal dealers in Richmond.

Newell, F.H., "Memoranda Concerning "he 014 Workings of the
Richmond Coal Mining & Mfg. Co." 1888.
Discussion of several mines including: Trent, Sneads
or Deep Shaft, aAir, Brooks, Fdge Hill, Turpin, Orchard
or Twin, Breaker, Rail Road Shaft, Shelter Air Shaft,
Eureka, Bowles Property (Saunders & Sycamore Shafts).

Richmond and Alleghany Railroad -~ contract to ship coal from
the Richmond Coal Mining and Mfg. Co. Mine, May 3rd, 1887.

Richmond Coal Mining & Mfg. Co., Charter thereof, 1882.
Reports of the property's position in the coal
field, geology of the cocals and economics by:
J.T. Joenes, H. F. Torrey, S$. H. Daddew, W. T. Roberts,
W. Robertson & Smith, J.I. Worth, and others.

Richmond Dispatch, "Natural Gas and Coal in Chesterfield County,
Virginia", p. 3, Feb. 20, 1887.

Richmond Enquirer - Notes from January 1811 through December 1816
and January 1818 through MNovember 1818."
articles menticoning the following mines: Heath, Bucks,
Dover, Buck and Cunliffe, Creek, Union, Trabeau's,
Deep Run, Powhattan, Midlothian Coal Mining Co., Salles',
Barr (Deep Run area).



Richmond Syndicate - geologic logs, plats and sections of
holes drilled in 1930 - 1931.

Rilee, Eugene T., Jr., "Draft Report of Abandoned Coal Mines
in Henrico County", December 14th, 12977.
Brief description of geology and mines
located in the Gayton area. 1Includes location map.

Ritz, Michael C., "Coal Mining in Chesterfield County"
Brief history of coal mining, locations
of mines (with map), bibliography.

Roberts, J.K., "The Geolegy of the Virginia Triassic", VGS
Bull. 29, pp. 94-116, 1928, Historical development,
extent of the field, mining methods, structure of the
coal beds, geoclogic sections, cross-sections, maps,
production, analyses of coal, physical property of
the coals, impurities, natural coke, mining machinery
used.

Rodgers, W. B., "Report of Progress for the Virginia Geological
Survey, 1839", Richmond, 1840.

Russell, I. C. "The Newar)l System", USGS Bulletin B85, 1892,
Mining history, geological and commercial aspects

of the basin, "The Newark System", Am. Geol., vol.
3, 1889,
Sayer & Sutherland, Inc., "Geotechnical Study, Tuckahoe Vvillage,

Henrico County, Virginia", December, 1977.
Discussion of coal outcrops and mine locations
in the Gayton area.

Sayre & Sutherland, Inc., "Soil Study, Phase I, Pine Street
Baptist Church, Henrico County, Virginia™®
October 1973.
Consultant report on feasibility of construction
of church, considering the possibility of caving
by underground mine workings. Description of two
boreholes on property.

Schmitz, E. J., "The Structure of the Richmond Coal Basin”,
AIME Trans., vol. 24, pp. 397-408. Includes measured
sections, maps and cross-sections.

Shaler, N.S. and J. B. Woodworth, "Geology of the Richmond
Basin, Virginia", USGS 19th Annual Report, pp. 385-519,
1899. Excellent discussion of most aspects of the
basin, illustrations, maps, cross-sections.

Silliman, B. and ©. P. Hubbard, "Chemical Examination of
Bituminous Coal from the Pits of the Mid Lothian (sic)
Coal Mining Ce.", Am. Jour. Sci. vol. 17, pp. 369-374,

1842.



Swartout, Jno. B., "A Compilation of Reports of the Richmond
Coal Field", cirra 1930,
Discussion of stratigraphy, structure, coal
and resources of the field, Authors cited include:
Y. D. Duke, J.S. Grasty, E.V.d'Invilliers,
A.S. McCreath, F. R. Mason, E. O0'Tocle, C. H. Smith,
T.M.R. Talcott, F. R. Wadliegh, Watson, J. W. Woolfolk,
T. M. Worthham.

Tierney, Ed., "Letter to John Swartout", April 17th, 1942,
Briefly outlines why Tierney is closing the Gayton
Mine and terms for selling equipment to Swartout.

Torrence, P. L., "Holes drilled along Springfield Road", August
lst, 1933,
General lithologic logs of three holes drilled.

Treadwell, H. A., "Preliminary Report on the Richmond Coal Basin"
July, 1928.
Consultants report. Geographic location, coal quality,
Gavton Mine discusgion, geologic structure.

Tuomey, M., "Notice of the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>