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The Soldiers Delight Ultramafite in the Maryland Piedmont

By Avery Ala Drake, Jr.

ABSTRACT

The Soldiers Delight Ultramafite is a 29 km-long,
tadpole-shaped thrust sheet in the central Appalachian Pied-
mont of Maryland. It is a horse between the underlying
Loch Raven Schist of the Loch Raven-Laurel tectonic motif
and the Sykesville Formation of the Mather Gorge-
Sykesville tectonic motif. It was plucked from a footwall
ramp somewhere to the east of its present position.

Most of the ultramafite is serpentinized pyroxenite.
Geochemically, the pyroxenite is enstatolite. Much of this
rock has been further metasomatically altered to soapstone
and talc schist. The most northeastern part of the rock body
is serpentinized dunite that contains podaform chromite
bodies that were exploited in the past. The Soldiers Delight
also contains some metagabbro.

The pyroxenite of the Soldiers Delight differs geo-
chemically from those in the Baltimore Complex of the
Maryland Piedmont and the Piney Branch Complex of the
northern Virginia Piedmont. It also differs from the ultrama-
fic blocks in the Mather Gorge Formation of the northern
Virginia-Maryland Piedmont, which are mostly serpenti-
nized harzburgite. It is unlikely that all these ultramafic
rocks had a common source, as was previously suggested.

INTRODUCTION

Ultramafic rocks are abundant in the Maryland and
northern Virginia Piedmont (fig. A1). Most of these rocks
occur in blocks interpreted as olistoliths within rocks of the
Mather Gorge-Sykesville and the Loch Raven-Laurel tec-
tonic motifs. Other bodies are part of the Baltimore Com-
plex. These tectonic motifs also contain many other bodies
of ultramafic and related mafic rocks that are too small to
show at the scale of figure Al. Ultramafic and related mafic
rocks also constitute two thrust sheets, (1) the Piney Branch
Complex (Drake and Morgan, 1981) of the Piney Branch-
Yorkshire tectonic motif and (2) the Soldiers Delight Ultra-
mafite, the subject of this paper (fig. Al). All these rocks
were interpreted as fragments of the Baltimore Complex by
Morgan (1977). Drake and Morgan (1981) reinterpreted
these rocks as being fragments of a very large central Appa-
lachian ophiolite. This paper describes the Soldiers Delight
Ultramafite and its tectonic setting, and compares it with

other ultramafic rocks in central Maryland and northern
Virginia.

REGIONAL GEOLOGY

The regional geology of the Maryland Piedmont in the
area of the Soldiers Delight Ultramafite is generalized in
figure A2. Middle Proterozoic Baltimore Gneiss (Yb on fig.
A2, not to be confused with the Baltimore Complex) of the
Laurentian craton (Rankin and others, 1989; Rankin, Drake,
and Ratcliffe, 1993) forms the cores of gneiss anticlines that
constitute the largest internal basement massif in the central
Appalachians (Drake and others, 1988). The Baltimore
Gneiss is stratigraphically overlain by quartzite and schist
of the Setters Formation, and the Setters by the Cock-
eysville Marble. The Setters Formation and the Cock-
eysville Marble constitute the Glenarm Group (O€g on
fig. A2). The Glenarm Group was redefined by Drake
(1985b) and Drake and others (1989) to consist of the Set-
ters Formation, Cockeysville Marble, and Loch Raven
Schist. This is incorrect as current work (A.A. Drake, Jr.,
unpub. data, 1991-93) shows that the Loch Raven Schist is
thrust onto either the Cockeysville Marble, the Setters For-
mation, the Baltimore Gneiss, or the Laurel Formation. The
thrust concept was first put forth by Jonas and Stose (1946),
and reiterated by Rodgers (1970) and Fisher (1989). Rodg-
ers (1970), however, preferred to put the thrust fault at a
higher tectonic level. Fisher’s (1989) suggestion that the
Loch Raven Schist is the offshore equivalent of the Setters
Formation is unlikely because microcline is the feldspar in
the Setters, whereas plagioclase is the feldspar in the Loch
Raven Schist (Knopf and Jonas, 1929; Hopson, 1964). The
stratigraphy of the Glenarm Group as here redefined
(quartzite of the Setters Formation, schist of the Setters For-
mation, and Cockeysville Marble) is exactly the same as
that of the Pine Mountain Group in Alabama, which con-
sists of the Hollis Quartzite, Manchester Schist, and
Chewacla Marble (Higgins and others, 1988). These rocks
constitute the cover sequence on Laurentian basement in the
Pine Mountain window, a major internal basement massif in
the southern Appalachians (Drake and others, 1988). The
Baltimore Gneiss and its Glenarm Group cover constitute
the Baltimore terrane (BT on fig. A1) of Horton and others
(1989, 1991).

Al
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Figure Al. Highly generalized map of part of the Maryland-Virginia Piedmont showing the distribution of
ultramafic rocks (modified from Drake and Morgan, 1981). Intrusive rocks not shown.
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In the area of figure A2, rocks of the Baltimore ter-
rane are overlain by two thrust sheet-precursory mélange
pairs that are termed tectonic motifs (Drake, 1985a, 1985b).
The Loch Raven-Laurel tectonic motif (LL on fig. Al)
directly overlies rocks of the Baltimore terrane. The Loch
Raven thrust sheet (€Z1 on fig. A2) consists of the lower
Loch Raven Schist (Crowley, 1976) and the upper Oella
Formation (Crowley, 1976). The Loch Raven Schist is thin
bedded, lustrous, medium- to coarse-grained, and consists
of quartz, muscovite, biotite, and plagioclase. It is at garnet,
staurolite, or kyanite grade depending on its position rela-
tive to the gneiss anticlines. At places, it contains some
interbedded semipelitic schist and meta-arenite similar to
the overlying Oella Formation into which it grades. The
Oella Formation is light-gray, medium-grained, well-bed-
ded quartz-plagioclase-biotite meta-arenite, which contains
abundant interbedded schist similar to that in the underlying
Loch Raven Schist. In the area of figure A2, the Loch
Raven thrust sheet has completely overrun its precursory
mélange, the Laurel Formation, and directly overlies rocks
of the Baltimore terrane. Where present to the south, the
Laurel is characterized by abundant olistoliths of Loch
Raven Schist and Oella Formation, as well as ultramafic
rocks, amphibolite, and other exotic rocks.

The Loch Raven-Laurel tectonic motif is overlain by
the Mather Gorge-Sykesville motif (MGS on fig. A1) on the
Brinklow thrust fault. In the area of figure A2, the Soldiers
Delight Ultramafite lies between these tectonic motifs. The
Mather Gorge Formation (€Zm on fig. A2) is the thrust
sheet of the Mather Gorge-Sykesville motif. It consists of
quartz-rich schist and metagraywacke. Many meta-
graywacke beds are graded. Where not obscured by the
schistosity, the graded beds pass up into parallel laminated
beds and then into schist. At only a few places is cross-bed-
ding seen. The rocks are turbides that were probably depos-
ited in a fairly high energy environment and were
interpreted by Drake and Morgan (1981) to constitute a
large submarine fan.

The formation experienced a prograde metamorphic
event that ranged from chlorite grade in the west to silli-
manite grade in the east (Fisher, 1963, 1970; Drake and
Morgan, 1981; Drake, 1985c; Drake and others, 1989).
About coincident with the appearance of sillimanite, the
rocks become migmatitic. The migmatite in the eastern part
of the Mather Gorge outcrop belt, near the Plummers Island
thrust fault (fig. A2), is sheared and retrogressively meta-
morphosed into chlorite-sericite phyllonite. Phyllonitized
migmatite was traced to the point where the Plummers
Island thrust fault is cut off by the Pleasant Grove fault at
the north end of Liberty Reservoir in the Finkburg quadran-
gle (fig. A2).

The abundant map-scale olistoliths of ultramafic rocks
within the Mather Gorge-Sykesville motif on figure Al are
within the Mather Gorge Formation. There is no evidence
that these bodies were tectonically emplaced.

The Mather Gorge Formation overlies the Sykesville
Formation (€s on fig. A2), which is the classic precursory
sedimentary mélange in the central Appalachians, on the
Plummers Island thrust fault. The Sykesville is character-
ized by abundant olistoliths of Mather Gorge rocks, includ-
ing phyllonite (A.A. Drake, Jr. and J.N. Roen, unpub. data,
1974-75, 1992). This relation clearly shows that the Mather
Gorge thrust sheet was being emplaced during sedimenta-
tion of the Sykesville. Traditionally (Hopson, 1964), the
Sykesville was interpreted to be a gigantic submarine slide
deposit. There is abundant evidence to support this concept,
but the slide surface is not the present base of the formation,
which is the Brinklow thrust fault.

In northern Virginia (fig. Al), the Mather Gorge-
Sykesville tectonic motif is overlain by the Piney Branch-
Yorkshire tectonic motif (PB on fig. A1), which is the high-
est tectonic motif known in the central Appalachian Pied-
mont. It consists of the Piney Branch Complex and
Yorkshire Formation. The Piney Branch Complex, thought
to be an ophiolite fragment (Drake and Morgan, 1981), is a
mixture of highly metamorphosed ultramafic and mafic
rocks. It lacks discernible order and was interpreted to be a
tectonic mélange resulting from the autoclastic deformation
of a layered complex that contained repetitive cycles of
ultramafic and mafic layers (Drake and Morgan, 1981). The
ultramafic and mafic rocks are intruded by dikes and sheets
of plagiogranite too small to show on the map. The York-
shire Formation precursory mélange contains olistoliths of
ultramafic and mafic rocks as well as plagiogranite.

The Loch Raven-Laurel, Mather Gorge-Sykesville,
and Piney Branch-Yorkshire tectonic motifs constitute the
Potomac terrane (Drake and others, 1989) in this part of the
central Appalachian Piedmont. They were interpreted to
have been tectonically assembled in an oceanic trench and
later obducted onto the Laurentian margin (Drake, 1985a,
1985b, 1985c¢).

Rocks of the Potomac terrane dip west because they
are on the west limb of a major antiformal structure, the so-
called Baltimore-Washington anticlinorium of Hopson
(1964), a major area of tectonic windows that exposed Bal-
timore Gneiss and its Glenarm Group cover. The area was
interpreted by Drake (in Rankin, Drake, and Ratcliffe,
1989) to consists of two large tectonic windows. The area
actually consists of several tectonic windows, now that the
Loch Raven Schist is known to be allochthonous. Subse-
quent to their emplacement, the Potomac terrane thrust
sheets, remobilized Baltimore Gneiss, the Glenarm Group,
and at least the Loch Raven Schist, were deformed into
large, west-vergent recumbent folds (Crowley, 1976; Muller
and Chapin, 1984). At a later date, the recumbent folds were
refolded into east-vergent anticlines (the current gneiss anti-
clines) by a retrocharriage event. Loch Raven Schist of the
lower limbs crops out within several gneiss anticline
(Crowley, 1976; Muller and Chapin, 1984). This area of
gneiss anticline is probably an antiformal stack, as windows
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Geology of the Reisterstown quadrangle modified
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Crowley and Reinhardt (1980); geology of the
Sykesville quadrangle from unpublished data of J.N.
Roen and A.A. Drake, Jr.; geology of the Woodbine,
Sandy Spring, Clarksville, and Savage quadrangles
from unpublished data of A.A. Drake, Jr.
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invariably form on such structures (Hatcher, 1991). The
idea that the window area has been jacked up is supported
by the abundant extensional structures in the Loch Raven
Schist on the west limb of the anticlinorium.

Rocks of the Potomac terrane are in contact with rocks
of the Westminster terrane (WT on fig. A1) along the Pleas-
ant Grove fault (figs. A1 and A2). In this area, the Westmin-
ster terrane (Muller and others, 1989; Horton and others,
1989, 1991) consists of the Prettyboy Schist (€Zp) (Crow-
ley, 1976) and the Marburg Formation (€Zmb) (Jonas and
Stose, 1938). The Prettyboy is the albite-chlorite schist of
previous workers and is characterized by albite porphyro-
blasts. Jones and Stose (1938) named the unit the Marburg
Schist. Fisher (1978) abandoned the name and placed its
rocks in the [jamsville Phyllite. The name is here reinstated
as Marburg Formation because the Marburg is lithologically
distinct from the purple phyllites of the [jamsville. Marburg
Formation is used here because the unit consists pre-
dominantly of phyllite rather than schist. The Marburg
Formation contains chlorite phyllite, paragonite phyllite,
muscovite phyllite, siltstone, greenstone, quartzite, and
graywacke. The Prettyboy and the Marburg probably have a
facies relation, the Marburg being more proximal, the Pret-
tyboy more distal. These rocks were interpreted to be part of
the Laurentian rise-prism by Drake and others (1989).

Rocks along the Pleasant Grove fault are intensely
sheared into a wide zone of phyllonite. The Pleasant Grove

Schist, as mapped by Crowley (1976), appears to consist of
sheared Mather Gorge Formation, Prettyboy Schist, and
Marburg Formation, and is not a separate formation; thus,
the name Pleasant Grove Schist is here abandoned.

The Pleasant Grove fault was originally a thrust fault
and was interpreted to be the Taconic suture by Drake and
others (1989). There are abundant thrust faults in the rocks
of the Westminster terrane in the footwall of the Pleasant
Grove fault. In York County, Pa., rocks of the Westminister
terrane were interpreted to contain a major duplex (C.S.
Howard, written commun., 1991). This duplex undoubtably
dips beneath the Baltimore window area and, thus, it would
have been part of the motivating force for the antiformal
stack.

The phyllonitic foliation surfaces along the Pleasant
Grove fault, as well as the Plummers Island thrust fault,
were reactivated by dextral strike-slip motion, probably
during the late Paleozoic Alleghanian orogeny (Horton and
others, 1989). The amount of strike-slip displacement on
the Pleasant Grove is not presently known. It may have
been large, however, because the Mather Gorge and Sykes-
ville Formations disappear on its east side, and the Pretty-
boy Schist disappears on its west side.

Rocks of the Baltimore Complex (BC on fig. Al) were
thrust onto those of the Loch Raven tectonic motif on the
east flank of the Baltimore antiformal area (figs. Al and
A2). In the area of figure A2, the Baltimore Complex is in
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contact with the Loch Raven Schist; the Laurel precursory
mélange is totally covered in this area. This part of the Bal-
timore Complex is the Laurel belt of Hopson (1964) and
Crowley (1976). Most of the rock here is amphibolite (met-
agabbro) with minor pyroxenite interlayers. The Baltimore
Complex constitutes the major part of the Bel Air-Rising
Sun terrane of Horton and others (1989, 1991).

SOLDIERS DELIGHT ULTRAMAFITE
(Here Named)

Rocks here named the Soldiers Delight Ultramafite
form a tadpole-shaped serpentinite body along the western
margin of the Baltimore terrane from the Soldiers Delight
area of Baltimore County to just northeast of the Tridelphia
Reservoir (figs. Al and A2). The body was called the Sol-
diers Delight belt of serpentinite by earlier workers. That
name is here formalized as Soldiers Delight Ultramafite, the
type locality being the Soldiers Delight area of Baltimore
County in the Reisterstown 7.5-minute quadrangle (fig.
A2). Reference localities are two quarries along Piney Run,
and outcrops and quarries along the South Branch of the
Patapsco River in the Sykesville 7.5-minute quadrangle.

The rocks were previously mapped at the scale of
1:62,500 in Baltimore County (Knopf and Jonas, 1925),
Carroll County (Jonas, 1928), and Howard County (Cloos
and Broedel, 1940). These geologists interpreted the Sol-
diers Delight body to be an intrusive sill, as did Hopson
(1964), although Jonas and Stose (1946) recognized that it
occurred between different rock units (their Wissahickon
Schist and Peters Creek Formation). Hopson (1964) thought
that it was the western feather edge of the Baltimore
Complex.

Much more recently, the Soldiers Delight Ultramafite
was mapped at the scale of 1:24,000 in the Reisterstown
quadrangle (Crowley, 1977), Finksburg quadrangle (Muller
and others, 1989), Sykesville quadrangle (J.N. Roen and
AA. Drake, Jr., unpub. data, 1974-75, 1992), and Woodbine
and Sandy Spring quadrangles (A.A. Drake, Jr., unpub.
data, 1993). Outcrops are not abundant and most are small.
The unit is easily traced, however, as the soil cover is thin
and float is fairly abundant. The ultramafite weathers to
chrome soils (Jonas and Stose, 1946), which support only a
scanty growth of cedar and pine.

Crowley (1976, 1977) recognized that the Soldiers
Delight Ultramafite is allochthonous, and called it the Sol-
diers Delight slide mass, thinking that it was emplaced by
submarine sliding during the deposit.on of the Sykesville
Formation. That tectonic concept was extremely popular
during the early and middle 1970's. It is unclear as to how
Muller and others (1989) interpreted the relation of the Sol-
diers Delight Ultramafite to the Oella and Sykesville For-
mations as on their figure 1 they show a west-dipping thrust
fault on the east contact of the Soldiers Delight, whereas on
their figure 5 they show an east-dipping thrust fault on the

west contact of the Soldiers Delight and a sedimentary con-
tact on the east.

Recent work in the Sykesville quadrangle (J.N. Roen
and AA. Drake, Jr., unpub. data, 1974-75, 1992) clearly
shows that the contacts of the Soldiers Delight Ultramafite
are marked by phyllonitic foliation in both the ultramafite
and the metasedimentary rocks (fig. A3). This relation can
be best seen in exposures in quarries and natural outcrops
along the South Branch of the Patapsco River and Piney
Run (fig. A2). Good exposures of phyllonitic Sykesville
Formation can also be seen in the extreme southeastern cor-
ner of the Woodbine quadrangle (fig. A2). The Soldiers
Delight clearly forms a horse between the Brinklow and
Henryton thrust faults (fig. A2). It is obviously far removed
from its root, so it is properly a schurflingsfenster (Toll-
mann, 1968) or orphan in the sense of Lewis and Bartho-
lomew (1989).

The Soldiers Delight Ultramafite is almost totally
altered to serpentinite. The rock in the head of the tadpole
shape at Soldiers Delight was largely peridotite, most likely
dunite, as no bastite textures after orthopyroxene were
observed by previous workers (Knopf and Jonas, 1929;
Pearre and Heyl, 1960; Morgan, 1977) or during this study.
The dunite interpretation is supported by five chromite
mines in the area (Pearre and Heyl, 1960). The ore from
those mines assayed 30-50 percent Cr,0; (Knopf, 1922).
Residual olivine containing accessory chromite can be seen
in some specimens from the mine dumps. The border rocks
of the tadpole head have been further altered to talc schist
and soapstone (Crowley, 1977).

Knopf and Jonas (1925) mapped an area of metagab-
bro in the tadpole tail about 2.1 km northeast of the Liberty
Reservoir (fig. A2). Crowley (1977), however, shows this
area to be underlain by nonserpentinitic ultramafic rocks.
These rocks were not examined during this study.

The bulk of the tadpole tail consists of serpentinized
pyroxenite. The least altered parts of this rock retain a box-
work texture after orthopyroxene (fig. A4A). The orthopy-
roxene is altered to tremolite and lesser amounts of
antigorite, chlorite, talc, and magnetite. These rocks are
rather massive and retain some original textures (fig. A4A).
With increased shearing and alteration, discontinuous zones
of talc schist appear within the serpentinite (fig. A4B).
Increased alteration produces distinct zones of talc schist
(fig. A4C). A final alteration product is soapstone. Rocks of
the Soldiers Delight Ultramafite have been exploited for
talc and soapstone in two quarries along Piney Run, and for
talc in a quarry along the South Branch of the Patapsco
River (fig. A2). The mineralogy and chemistry (see below)
of the pyroxenite of the Soldiers Delight Ultramafite
suggests that it is enstatolite, that is, a rock composed
largely of the magnesian orthopyroxene enstatite.

The age of the Soldiers Delight Ultramafite is uncer-
tain. It lies tectonically between the Late Proterozoic and
(or) Lower Cambrian Loch Raven Schist and Lower
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Figure A3. Photographs of phyllonitic foliation in the metasedimentary rocks that enclose the Soldiers
Delight Ultramafite. A. Oella Formation just beneath the Soldiers Delight Ultramafite. Knife is 8.2 cm in
length. Photograph looks north. B. Sykesville Formation just above the Soldiers Delight Ultramafite.
Coin is 1.8 cm in diameter. Photograph looks north.

Cambrian Sykesville Formation. Other ultramafic rocks in GEOCHEMISTRY

the central Appalachian Piedmont are considered to be of

Late Proterozoic and (or) Early Cambrian age because The chemistry of a sample of pyroxenite from the
deformed bodies of this rock type occur within Lower Cam-  Soldiers Delight Ultramafite and that of some other ultra-
brian sedimentary mélanges. The Soldiers Delight Ultrama-  mafic rocks from the Virginia-Maryland Piedmont are given

fite, therefore, is considéred to be Late Proterozoic and (or) in table A1l (rare earth geochemistry was not obtained for
Early Cambrian in age. , sample 3).
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Figure A4. Photographs of serpentinized pyroxenite of the Soldiers Delight Ultramafite.

A. Massive serpentinite retains boxwork texture in lower right hand corner of photograph. Glistening talc
schist has formed along shear planes in center of photograph and in upper left hand corner of
photograph

B. Serpentinite showing discontinuous zones of talc schist.

C. Serpentinite containing a distinct zone of crenulated talc schist that contrasts with the dark
serpentinite.
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Figure A4.—Continued.

Pyroxenite from the Soldiers Delight Ultramafite
(sample 1, table A1) contains much more SiO,, MgO, and
Al,0Os, and much less CaO than the pyroxenites from the
Baltimore Complex described by Morgan (1977, samples
4-7) and Hanan and Sinha (1989, samples 4 and 5). The
pyroxenite contains very abundant Cr and moderate
amounts of Ni and Co. The pyroxenite contains no norma-
tive diopside, supporting the interpretation that it is an
enstatolite.

The pyroxenite contain much more SiO, and MgO,
much less Al,O;, CaO and much more Cr than pyroxenites
from the Piney Branch Complex (Drake and Morgan, 1981,
samples Mq-RH-3 and Mqg-RH-14). The pyroxenites of the
Piney Branch, largely altered to actinolite schist of acti-
nofels, were interpreted to be websterites by Drake and
Morgan (1981). The Soldiers Delight chemistry clearly
reflects the mineralogic difference between enstatolites and
websterites.

The pyroxenite of the Soldiers Delight is depleted in
light rare-earth elements (LREE) (table Al, fig. AS), as is
typical of ultramafic rocks throughout the world (McDon-
ough and Frey, 1989). It has a negative Eu anomaly (fig.
AS5) and a (Tb/Yb)n (the n indicates chondrite-normalized
ratio, which are not shown in table A1) ratio less than 1
(table Al), suggesting that the source rock contained pri-
mary garnet (McDonough and Frey, 1989). The rare-earth
elements (REE) plot is similar to those of the Thetford
Mines Complex of Quebec, Canada (fig. A6A) and other
pyroxenites and peridotites (fig. A6B, C), although it con-
tains more La than any of the other rocks. Unfortunately,
there are no REE analyses of Baltimore Complex rocks.

The ultramafic rocks that constitute the olistoliths
within the Mather Gorge Formation of the Mather Gorge-
Sykesville tectonic motif (fig. Al) are so thoroughly
serpentinized that their original mineralogy and textures
cannot be determined. An estimate of their original compo-
sition can be made from their chemistry (table A1). The rel-
atively high SiO,/MgO ratio and content of Cr and Ni of
sample 2 suggests that the Quince Orchard block (QO on
fig. Al) was originally harzburgite. The low SiO,/MgO
ratio, the very low CaO content, and the high content of Cr
and Ni suggests that the rock of the Hunting Hill block (HH
on fig. Al), sample 3, was originally dunite. Larrabee
(1969) made the same interpretation. He also described a
spotted serpentinite that appears similar to some rocks
within the Piney Branch Complex that were interpreted to
be cumulates by Drake and Morgan (1981). The rock of the
Aron Chapel block (AC on fig. Al), sample 4, has a
strange chemistry. Its SiO,/MgO ratio is less than 1, and it
contains 12 percent Al,0;— hardly typical of an ultramafic
rock. It contains relatively low amounts of Cr and Ni, again,
not typical of an ultramafic rock. Some of the block has a
boxwork texture after orthopyroxene. Perhaps this rock was
originally an olivine gabbro. Rock of the Brown Chapel
block (BCh on fig. Al), sample 5, has a relatively high
Si0,/MgO ratio and contains a large amount of Cr and Ni,
suggesting that it may have originally been harzburgite. The
minor amount of normative di, however, suggests that the
rock probably had modal clinopyroxene and that it was
probably harzburgite. Rock from the Leigh Mill block (LM
on fig. A1), sample 6, has a high SiO,/MgO ratio, contains a
large amount of Cr and Ni, and contains 2.4 percent CaO,
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Table Al. Chemical analyses and CIPW norms of some ultramafic rocks from the Virginia and Maryland Piedmont
Sample 1 2 3 4 5 6 7 8 9 10
Field No.  SY-H-5-2 R-18 R-10-1 S-86-A V-231 V-210 V-161 V-240 V-6 WE-1
Major oxide composition (weight percent)!
SiO, 54.7 425 39.6 30.8 41.0 44.5 40.7 40.9 44.1 45.0
AL O, 34 1.2 .69 12.0 1.6 1 1.1 1.1 18 24.4
Fe,04 2.8 34 53 8.3 3.6 4.0 6.5 3.1 6.8 8
FeO 6.6 32 1.6 33 3.6 22 2.5 29 3:1 1.5
MgO 26.0 373 384 33.0 36.6 344 37.2 37.5 33.1 7.5
CaO 1.0 4 2 <.02 8 24 <.02 .1 .6 16.7
Na,O .09 2 2 .02 2 2 2 2 2 iy
K,0 .02 <.02 <2 <.02 <.02 <.02 <.02 <.02 <.02 .06
H,0+ 4.5 10.9 12.0 11.7 11.5 10.2 11.5 11.6 8.9 1.9
H,0- 17 al 4 .02 1 1.0 4 2 al 1
TiO, 17 <.02 <.02 1.1 <.02 <.02 <.02 <.02 .05 <.02
P,0O5 <.02 <.05 .05 <.05 <.05 <.05 <.05 <.05 <.05 .03
MnO 2 .09 A5 all 9 .1 .06 .08 .08 <.05
CO, <.01 .02 .6 — — — — — — .07
Total 99.6 99.41 99.19 100.3 99.9 99.7 100.2 99,7 98.8 99.8
CIPW norms (weight percent)
(Based on analyses recalculated to 100 percent water free oxides)
Q 9.1 —- — — — — — — - —
C 1.5 D 1.8 15 - o 1.0 74 1.0 —
or ol .1 n| .1 ol 1 ol 1 | 4
ab 8 1.5 21 2 1.9 1.8 1.8 1.9 1.6 5.4
an 5.2 1.9 — s 3.8 1.1 — 3 3.1 60.1
ne — — - — — - — — —— 5.0
di — — — — 3 9.5 — — — 18.8
hy 78.2 46.7 425 22.9 38.8 50.6 45.0 43.1 63.8 —
fo — 42.0 473 48.8 46.7 29.2 42.0 44.6 19.7 7.9
fa — 1.6 — — 2.1 3 = .6 .05 1.0
mt 4.2 5.5 6.4 9.0 6.0 6.5 9.3 8.4 10.9 1.1
hm — - | B 3.3 — — | —_ — —
il 3 .04 .04 23 04 04 .04 .04 | .04
ap .05 A3 all, al 1 1 1 13 1 .
¢c .02 ke 17 — — - — — — .04
Total 99.5 100.4 103.7 100.2 99.8 99.2 100.2 09,9 100.4 99.
Trace-element abundances (parts per million)
Large cations
Rb <5 B &2 <2 3 2 3 4 <2 3
Ba 4 6 10 10 €22 29 <23 <28 <24 6
Sr <4 11 13 10 11 16 6 6 7 186
High valence-cations
Th* <1 <1 — — <1 <1 <1 <1 <0.1 -
Zr? <100 15 14 27 11 <10 10 12 11 14
Hf* .16 6 — — ! <.08 <.12 28 <.12 <.06
Nb3 <8 <10 — <1 1 <l 1 1 <1 <10
Ta* <.08 <.06 — — M| <.07 <.08 <.08 <.09 <.04
Metals*

Cr 3010 1570 1980 327 3040 2620 2390 2340 2440 694
Co 82 60.1 — 86.4 84.2 94.7 80.1 97 92 23
Ni 540 1340 2120 765 1920 1940 2080 2080 1760 337
Cu <2 36 20 — — — — — — 45
Sc 33.5 — — — 6.2 49 8.2 7.8 8.7 —
Zn 125 316 5 41 72 24 33 42 64 11
As 1.21 3.5 — 1.6 4.9 1.3 7.8 6.9 9.1 .87
Mo <4 3 —_ — — — — — —_ —
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Table A1. Chemical analyses and CIPW norms of some ultramafic rocks from the Virginia and Maryland Piedmont—Continued
Sample 1 2 3 4 5 6 7 8 9 10
Field No.  SY-H-5-2 R-18 R-10-1 S-86-A V-231 V-210 V-161 V-240 V-6 WE-1
Rare-earth elements
La* 1.3 0.211 - 01.1 0.11 0.11 0.83 0.15 0.59 0.27
Ce* 1.4 <9 - 2.0 <1.2 <7 1.3 1.1 10 53
Nd* <2 <1 — <4 <1.7 1.5 2 1.8 <1.7 <8
Sm* 424 .069 —- 1.6 .06 <.02 13 032 95 2
Eu? .094 .03 — .08 .05 .04 .06 .045 27 49
Tb* .091 <.03 — .59 <.04 <.05 <.05 <.06 38 031
Yb? 46 217 — 2.2 ) <.08 13 .16 1.7 13
Lu* .092 .029 — 3 .04 <.015 .02 <.02 .26 .02
Y 5 7 5 21 8 <7 7 8 17 3

XRF Analyses by D.F. Siems and J.E. Taggart, Jr. FeO, CO,, H20+, H,0™ analyses by J.W. Marinenko
2Analyses by J.K. Evans

3Analyses by M.W. Doughten

4Analysis of sample 4 by J.N. Grossman. All others by J.S. Mee

w

= S I 8 2

Description of Samples
Serpentinized pyroxenite of Soldiers Delight Ultramafite from eastern Mariottsville quarry in the Sykesville, Md., 7.5-minute quadran-
gle at lat. 39°21'54"N and long. 76°54'37"W.
Serpentinite from the Quince Orchard block in the Rockville, Md.-Va., 7.5-minute quadrangle at lat. 39°06'28"N and long. 77 °14'60"W.
Serpentinite from the Hunting Hill quarry in the very large Hunting Hill block in the Rockville, Md.-Va., quadrangle at lat. 39904'58"N
and long. 77°13'42"W.
Serpentinite from the Arnon Chapel block in the Seneca, Md.-Va., 7.5-minute quadrangle at lat. 39°01'38"N and long. 77°16'47"W.
Serpentinite from the Browns Chapel block in the Vienna, Va.-Md., 7.5-minute quadrangle at lat. 38°58'39"N and long. 77°18'56"W.
Serpentinite from the Leighs Mill block in the Vienna, Va.-Md., 7.5-minute quadrangle at lat. 38°58'55"N and long. 77°16' 26"W.
Serpentinite from the Lake Fairfax block in the Vienna, Va.-Md., 7.5-minute quadrangle at lat. 38°59'27"N and long. 77°19' 30"W.
Serpentinite from the Lake Fairfax block in the Vienna, Va.-Md., 7.5-minute quadrangle at lat. 38°57'54"N and long. 77°19'20"W.
Serpentinite from the Hunter Mill block in the Vienna, Va.-Md., 7.5-minute quadrangle at lat. 38°55'37"N and long. 77°18' 21"W.
Serpenitized olivine gabbro from the Sligo Creek block in the Washington East, D.C.-Md., 7.5-minute quadrangle at lat. 38°58'14" and

long. 76°59'04"W.

suggesting that it originally contained modal clinopyroxene.
It too was probably a harzburgite. Rocks from the Lake
Fairfax block (LF on fig. A1), samples 7 and 8, have rela-
tively high SiO,/MgO ratios and contain large amounts of
Cr and Ni. The block also was probably harzburgite. Rock
of the Hunter Mill block (HM on fig. Al), sample 9, has a
high SiO,/MgO ratio and a high content of Cr and Ni.
Chromite is visible in hand specimens. This rock also was
probably harzburgite.

There is no evidence that any attempt was made in the
past to exploit a chromite deposit from any of these blocks.
There were, however, two chromite mines in the Etchison
block (E on fig. A1) (Pearre and Heyl, 1960), which is also
in the Mather Gorge Formation. The ore from these mines
contained from 35 to 45 percent Cr,O;, but was very rich in
iron (Pearre and Heyl, 1960). Although this block has not
been studied or sampled, it is probably dunite because of the
podaform chromite.

The Sligo Creek block, sample 10, is too small to show
on figure A1, but is located approximately at the contact of
the Loch Raven-Laurel motif with the Coastal Plain at the
word “Washington” on figure Al. It is an olistolith within

the Laurel Formation of the Loch Raven-Laurel motif.
From field observation, part of the block appears to be
metamorphosed gabbro. The chemistry of the serpentinite
shows that it was also gabbro, probably an olivine gabbro,
not an ultramafic rock.

All the samples, particularly 2, 5, 6, 8, and 10, are
depleted in LREE. The patterns of most of the samples
interpreted to be harzburgites vaguely resemble those of
low-alumina harzburgites from the western Alps (McDon-
ough and Frey, 1989).

CONCLUSIONS

The Soldiers Delight Ultramafite is a horse between
rocks of the Loch Raven-Laurel and Mather Gorge-
Sykesville tectonic motifs. It was probably plucked from a
distant footwall block to the east. Available data suggests
that it differs petrologically from the rocks of the Baltimore
Complex, which are also at a different tectonic position. It
tectonically overlies the Loch Raven Schist, so blocks of
ultramafic rock within that unit may have been shed from
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Figure AS. Chondrite-normalized rare-earth element (REE) plots of some ultramafic rocks from the Maryland-Virginia Piedmont.

the Soldiers Delight, but these blocks have not been studied.
The Soldiers Delight Ultramafite tectonically underlies the
Mather Gorge-Sykesville tectonic motif, so it could not
have been the source of the ultramafic and related mafic
rocks in either the Mather Gorge or Sykesville Formations.
In addition, it differs petrologically from the sampled
blocks in the Mather Gorge Formation.

The serpentinite blocks so far sampled in the Mather
Gorge Formation appear to have largely formed from
harzburgite. These rocks are similar to some of those in the
Piney Branch Complex. The abundant actinolite schist-acti-
nofels and metagabbro of the Piney Branch appear to be
very sparse in the Mather Gorge Formation. Small olis-
toliths of these rock types are, however, fairly abundant in
the Sykesville Formation. Although it is tectonically
appealing to interpret the ultramafic-mafic debris in the
Mather Gorge to have been shed from the Piney Branch, it
is by no means certain. In any case, the concept of Morgan
(1977) and Drake and Morgan (1981) that all the ultramafic
and related mafic rocks were shed from one gigantic thrust
sheet and were recycled into different tectonic units remains
to be proved.
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