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of shells onto the rocky platfrm of the erosional surface. Dolomitized burrows cut across the limestone
ribbans in some parts of the outcop, and trough cross-strata that appear to fill low scouss are also visible.

Figure 4: Burrowed ribbon rock on weathered surface shows prefarential dolomitzation of burrow-fill matedal
and section through Maclwites. On this surface, dolomitized material weathers out in relief becase dolomite
is moreresistant to chemical dissolution.

On the less weathered prominence on the SE corner of the moat, shallow scours containing brachiopods
and gastropod debris are seen. Intraclasts or pseudoclasts of limestone in dolostone are also present. Some
‘clasts’ appear to be cored by dolomitized burrows.

We interpret this sequence as a tidal flat to shallow subtidal facies. The alternating limestone/dolostone
‘ribbon rock’ may represent rhythms of slightly coarser {limestone) and slightly finer (dolostone) sediment
deposited on the lower reaches of a tidal flat, similar to the bedding described by Reineck and Singh (1980)
from the mud/sand tidal flats of the North Sea. These coarse-fine alternations might also reflect storm-
related, ebb-surge deposition. Early cementation of the slightly coarser limestone ribbons made this
lithology less susceptible to later dolomitization, which affected the finer, muddy ribbons that are now
dolostone. Variations in intensity of burrowing reflect subtle differences in duration of subaerial exposures
of the flat and/or extent of reworking by tidal currents. Limited in situ faunal diversity is expected in a
stressed tidal flat setting. The absence of muderacks and evaporite minerals may indicate that only the lower
portion of a humid climate tidal flat system is preserved here.

Stop 5 - Paade Grounds near Baracks:

As weenter the parade ground from the southwest corner of the moat, note the array of carbonate rocks
usedin construction of the bammacks. Chazy, Black River, and rare Trenton lithologies can beidentified
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Restaration of the barracks began in 1916, More recently, starting in 1976, the New York State Division for
Historic Preservation undirtook protection and stabilization of the ruins.

Figure 5: Limestone (dark) forming sharp, scalloped erosional surface beneath dolostone above. The
limestone was cemented prior to deposition of overlying sediment. Later dolomitization altered only
burrow-fill material in dark limestone, whereas sediment above was thoroughly dolomitized. Scale in
inches.

Stop 5 - continued

The low rock pavement just north of the barracks is within the upper part of the ‘ribbon rock” unit seen at
stop 4. Immedately up-section, cross-stratified grairstone beds are visible. Coarse quariz and feldspar sand is
easily seen on weathered surfaces. Trough cross-strata and ‘heningbone’ co-sets of plana-tabular cross-strata
are visible on the low vertica faces. Large angular clasts of slightly dolomitic grainstone and Maclurites are
present on bedding surfaces. We intempret this facies as a current~dominated sand shoal envimnment similar to
that seen at stop 2.

Note the polygpnal pattern on some outcrop surfaces. Are these mudcracks?
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BLACK RIVER GROUP

The Black River Group in the Champlain Valley is a relatively thin unit (85-90 feet thick) consisting of
massively-beddad wackestones to packstones representing deposition in lagoomal to shallow subtidal
envionments. The gradwl decpening characterizing this unit and continuing into the Trenton Group and
overlying shales is intempreted to represent foreland basin subsidence during the Taconic Orogeny. This gradual
deepening was punctuated by both shallowing and deepening evenis on macroscopic (meter) as well as
microscopic (centimeter) scales, the latter visitle only in thin section. The Black River Group is so
lithdlogically varidble in New York/Ontario/Vemmont that stratigraphic names have proliferated, however the
Pamelia, Lowville (House Creek and Sawyer Bay Membars) and Chaumont Formaions can be recognized in
the Champlain Valley. Bechtel (1993) summarizes the evolution of nomenclature applied to this unit.

Stop 6 - West parads grounds

Bechtel and Mehrtens (1993) suggested that the sandstone unit in the westernmost parad ground is the
basal sandstone of the Black River Group, an intempretation which diffes from that of Speyer and Selleck
(1988) who suggested that this unit was part of the undedying Chazy Group. In thin section this sandstone
is a quartz arenite in composition, very poorly sorted, contdining fewer lithic fragments and phosphatic
fragments than Chazy sandstones. Visible at the very easternmost portion of this ridge an overlying buff-
colord dolomite bed containing pockets of quartz sand (burow infills?) is exposed The sandstone and
dolomite lithologies are very similar to those described by Walker (1972) for the Pamelia Formation at the
type locality in New York. Altematively, placement of the sandstone within the Chazy Group is consistent
with the common presence of coarse quartz and feldspar sand within the Chazy here, whereas silidclastic
matedal in the Black River Group at Crown Point is mainly fine silt and clay. Whatever the stratigraphic
placement of this unit, it marks an interval when sands were transported from a nearby (Adiondack?) source
area. This period of subaerial exposare of the shelf was followed by marine reworking of the sand, and
deposition of the muddy carbonates of the basal Black River Group.

Stop 7 - Northeastern moat

There is approximately 4 feet of coverd interval between the parad grounds and moat exposures. The
wall of the northeasternmost moat exposes severl feet of the lower Black River Group (Lowville Formaion,
House Creck Member). At the base of this exposure a series of styldlitized gastiopod-bearing (Liospim)
wackestone beds are overlain by thick beds of Phytopsis-burrowed aphanitic mudstones. This sequence can be
intempreted as an example of a “classic” shallowing-up cycle consisting of subtidal to peritidal lagoonal muds.
Examine the sharp contact of the aphanitic mudstone with the overlying wacksstones, a contact which in thin
section appeas to be a firmground (Bechtel, 1993).

Examination of Phytapsis burrows in thin section (Fig. 6) reveds that many are filled with graded (fining-up)
geopedal silt, evidmee of cementation in the metemic vadose zone as shown below.

Continuing upsedtion, seveal thick packstone beds are exposed More detailed examination of these beds
reveds that they consist of altemating one to three inch thick intraclast and oncolite-rich packstone horizong
interpreted as tempestites, intebedded with fossiliferous wackestone/packstone horizons. The tempestites, or
storm-generated deposits, consist of gradd and cruddy imbricated intraclasts and skeletal fragments. Note the
natuie of the upper and lower contacts of these horizons, Horimns of tempestite beds within in sifu
fossiliferous muds is a second motif which occurs throughout much of the Black River Group.
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FRigur 6. At otherlocalities in the Champlain Valley, sevenl of these cycles compiise the base of the Black
River Of the three motif of repetitious bedding in the Black River Group, these cycles occur at the largest,
macroscopic scale and are interpreted to represent 4th order (10,000 to 100,000 years) or smaller cyclss.

It is instructive to spend seveml moments sketching (following page) the basal six feet of the moat
exposure. Your sketch could illustrate the basal SUC’s as well as the upper and lower contacts and intemal
fabric of the tempestite-rich beds.

SKETCH HERE
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The uppemnost thirdof the outciop appeas to be a massive bed of limestone, however closer examination
alsoreveds small scale “cycles™ of altemating wackestone/packstone and grairstone, the third motif of bedding
in the Black River These are charxcterized by a base of thinly laminated or cross lamimated grainstone
horizons 1 to 2 inches thick, overlain by fossiliferous wackestones and packstones. In thin section the bases
of the grairstones can be identified as firmgrounds, recognizable by the truncations of allochems and cements
in the undedying mud. '

Figure 7 illustrates the nature of the contact between a peloidrich grainstone of the baseof a cycle and the top
of the undedying packstone. The scalloped surface and truncated grains and allochems are characteristic of
these contacts.

Figure 7. The very top of this exposure (best seen at the next outcrop) exhibits a burow mottled fabric with
selected dolomitization of many burows. Tetradium occurs in life position in these horizons.

Stop 8 - East-west ridge

A black chert layer near the top of Stop 7 provides the corrdlation to Stop 8, the outcrop across the
service road

The limestone beds on this ridge commonly consist of altemating wackestone/packstone and plana to
cross laminated grairstone beds as seen at Stop 7, however bedding plane exposures permit identification of
many fossils in these, the most faundly diverse beds in the Black River Specimens of gastiopods (Liosping,
Lophospira, Homnaiomd), Lambaphyllum, Tetralium, stromatoporoids, the bivalve Cynadonta,
Strophomena sp. and cephdopods are recognizable.  This ridege is most notable for its bedding plane
exposures of Tetrabum and Lanbephyllum and is intempreted as recording a wave baffle margin lithofacies
described by Walker (1972) at the type section.

A sketch of the thirdtype of cycle, laminated grainstone overlain by biotirbated wackestone, with special
attention paidto the natur of the contacts between cycles, would be appropriate. These sequences are
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interpreted to represent smaller scale 4th order ‘micmo-cycles’ that could be the result of facies mosaicing and/or
small scale base level changes. '

~ SKETCH HERE

There are at least two distinct types of chert occumences in the Black River. One appeas to be fabric
selective: infilling horimntal burrows, for example (many other burrows are dolomitized). The other chert
occumrence is less frequent and consists of broad bedding parallel sheets. The uppemnost chert horizon on this
ridge, traceable down to the shordine, is of this latter variety. Cleady, there was a significant source of silica
available for chert formaion, perhaps a combination of silica derived from sponges (Tefradium?) and bentonite
alteration (the Ordovician sequence in the Champlain Valley is notodous for the paucity of bentonites
compared to equivalent strata in cental New York and Quebec). In thin section the chert cross cuts all
previous cements, including late fracture-filling calcite, and is thercfore the youngest, latest example of
diagenesis in these rocks.

Stop 9 - Quarry

Be extremely careful around the quarry - the thick algal scum in the quarty water obscures where the grass
. begins and the quarty wall drops off.

The older, weathered south walls of the quarty show, by color differentiation, two cycles. Closer

examination of the more accessible north wall reveds more occumences of the third motif of Black River

* bedding: 8 to 10 inch thick beds of planar laminated skeletal and peloidal hash overhin by burrowed

wackestones overlain by an intraclast-rich horizon. Intetbedded with these cycles are also tempestite couplets

of mudstone/wackestone and fossil hash layers in which brachiopod-rich layes are abundint (Jook for ‘nested
pockets of shells). ' '

Sketch the interbedding of the two cycles below:
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Befor leaving the quarny area, note the numemus quaried blocks stacked between the quarry and the shordine.
See if you can recognize cycles, and from these, topping diretions.

Stop 16 - Shoreline

Uppemost horizons in the quarty can be tracal down to the shordine to the north where the Black River
section continues (Chaumont Formaion of the Black River Group) with small covered intervals up to the
Trenton Group limestones. Shordine bedding planes exhibit horizontal burrows of Chondites, operaula of
Maclurites, and polished surfaces also reved large intraclasts, in other words the same intemal stratigraphy that
could be viewed in cross section on the quany walls. Note: exposures may only be visible at low water
levels.

Cement Stratigraphy of the Black River Group

There are multiple types of cements present within the Black River limestones which record a complex
diagenetic histary. The geneml cement stratigraphy pattern recoxds early nonluminescent cemert assodated
with precipitation in oxidizing waters of the shallow metecric phredic zone. With incresing redudng
conditions, bright and dul! luminescent cements represent precipitation in shallow burid conditions. Ferrcan
calcite with duil to nonluminescence represents precipitation in a late burid situation from high temperature
* burid fluid. Early marire Black River Group micritic cement is ferroan and very dull luminescence
representing deposition in a redudng, lagoonal envionment. Subsequent cementation took place in the
shallow meteoric phreaic zone, with nonluminescent cements with bright rims representing oxidizing
conditions becoming slightly more redudng with burid. These obsetvations are consistent with those of
Mussman, et al. (1988) who intepreted such pattemns to be related to a cratonward-dipping meteoric water lens
beredh tidal flats. Tectonic upliff wouldleadto stagnation of the aquifer and increasingly reduding conditions.
Within this general patten, however, there are many varizions in the Black River limestones which record
frequent base level changes assodated with sea level fluctuations and block fault movements in the Taconic
foreland basin.  These base level changes have prodieed numerus firmgrounds (at all Black River localities) as
well as beachrock (at Amold Bay) and paleo-karst (at Arnold Bay, Chippen Point and Sawyer Bay localities)
horizmns.

Fractures are common throughout the Black River and their cemerts record evolving burid conditions.
Figures 8 and 9 illustrate some of the obsetved pattems. The cement stratigraphy of the fractures indicates that
their formaion occumed throughout the diagenetic histary of the Black River, from early syndepositional
events assodated with karst and beachrock formation, through to deep burid.

TRENTON GROUP

The contact between the Trenton andBlack River Groups is covered & most logalities in the Champlain
Valley, probably because the thinner-bedded and finer-grained Trenton is essily weathered. At Amold Bay, to
the northeast of Crown Point, the contact is exposed and is interpreted to be a disconformity. The dark gray
colord, massive homogenous beds of the Black River are in sharp contact with the rubbly, laterally
discontinuous beds of the Trenton. Here at Crown Point the Trenton is thinner than dsewhere in the Valley
(28 fet), which MacLean (1987) suggested might reflect deposition on a down thrown block in the Taconic
foreland basin. Maclean measured 50 feet of Glens Falls in the section at Button Bay (a few miles to the
north of Crown Point) which, because it includes both the upper and lower contacts with the Black River
Group and Cumberland Head Formation, respectively, represents the only complete exposure of this unit in
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the Champlain Valley. Bechtel (1993) summarized the vaiable nature of the Black River/Trenton contact
around the Champlain Valley, New Yok and Ontario and noted that the regiomal variation seen would be
expected in a foreland basin actively undergoing syndepositional block faulting.

Figure 8 (field of view 1.Bcm): Two cement events are visible in the fracture. The first consists of nonferroan
scalenohedral aystals extending outwand from the fracture wall. These are interpreted to have been predipitated

- in the meteoric phreatic zone. The later large ferroan equant blocky crystals in the center of the fracture
represent a late burial cement precipitated under redudng conditions.

Stop 11 - Shordine of eastem Bulwaga Bay

Continuing up the shordine from the uppemmost outcrops of Black River a thin covered interval (4)
occurs before the basal beds of the Glens Falls Formation. The Glens Falls is characterized by thin, nodular to
wavy bedded wackestones, mudstones and rare grainstones, a very different type of bedding style and faund
assemblage from the undedying Black River Bedding planes along the shordine contan mostly Chondites and
Helmenthopsis burrows, however as one moves up section recognizable pieces of Crypwlithus, Isordus, orthid
brachiopods, Stictoporms, and Prusopora simulatrix  can be found the latter is important becaise it permits the
comrdation of the lower Glens Falls here in the Champlain Valley to the lower Denley Limestone at the Trenton
typesection in central New York.

MacLean (1987) intepreted the lithofacies of the basal Glens Falls to represent sedimentation in a shallow
subtidal envionment periodically influenced by storm activity. In thin section the nodular and wavy beddod
wackestones appea thoroughly biotubated, a process which would influence and enhance subsaquent differential
compaction. Graimstone beds exhibit more planar bases with basal skeletal fragment lags or finely crushed debris
of brachiopod, trilcbite and crincidal matedal capped by mud (see Fig. 10). MacLen intepreted these as
tempestite deposits.
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Figure 9. (field of view 0.5 mm) Photographed under cathodoluminescence so the zoning of rhombohedral
crystals infilling a fracture can be seen. The very symmetrical zoned patterns starts (from the interior outward)
with a nonluminescent nonferroan core, a dull rim, a bright orange rim, another dull rim, to another bright
rim and fading to nonluminescent outer rims. The nonferroan to ferrcan zonation is indicative of increasing
redudng conditions during cementation.

Basedon lithologies, fossil assemblages and sedimentary structures, or the lack thereof, the Glens Falls
Formaion is interpreted to represent sedimentation in a deeper water, subtidal setting relative to the Black
River deposits. For those familiar with lower Trenton localities in centml New York the paucity of
fossiliferous bedding planes here at Crown Point is noteworthy. The overdl fine grain size and ichnofauna
suggest that bathymetry increased significantly and rapidy from the Black River into the Glens Falls a
transition which might reflect not only rising sea level but base level changes as well. The sedimentologic
and fauna transitions from the Glens Falls to the overlying Cumberland Head Argillite and Stony Point Shale
are much more gradational that that of the Black RiverGlens Falls contact.

LOCATION

All the stops for this trip are within the Crown Point Reservation State Histaric Site. From the west,
take NY Route 22 north from Ticonderoga, continuing north through the Village of Crown Point  Tum east
approximately five miles north of the Village of Crown Point, following signs to the 'Bricge to Vermant',
From the east, take VT Route22A north from Fairhaven, or south from Burlington area, and follow signs to
‘Bricge to New York'. Stop locations are keyedto the aerid photo. Stop 1 is in the ditch and wall of a small
outpost fort (the Redoub®) on the east side of Route 8, immediately across the highway from the historic site
entrance road. We will enter the historic site and pakk near the main entmnce, then walk back to stop 1. No
collecting is permitted in the historic area. Note that groups should register at the main gate upon entty to the
site.
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Fxguxe 10. A large (3x5 mch) thin sed.lon 111ustratmg the hthologlc change within a single bed of the Glens
Falls Limestone.
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