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Figure llA: Data from Stop 6, Stations A, s, C. 
Poles to planar features = 14 

x dominant second phase foliation 
® second phase axial plane 

Lineations = 12 
• second phase biotite and staurolite 

lineation on the dominant foliation 
minor second phase fold axis 

8 

0 third phase minor fold or crinkle 
of the dominant schistosity 

0 axis (N48E 39) to minor fourth phase open fold 

P pole to the girdle of Fig. llC 

Figure llB: Fifth phase data from Stop 6, 
Stations A. B. 

P0les to the planar features = 3 
o fine, fifth phase, quartz-feldspar foliation 
• fifth phase kink band axial plane (NSE 77E) 

Lineations = 3 
o intersection of the fifth phase foliation 

with the second phase schistosity 
• fifth phase kink band axis 
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Foliation data 
area including 

planar features 

for the 
Stop 6. 

• 132 

• dominant second phase foliation 

Mt. Tom 

® axial plane of second phase minor fold 
Lineations = l 

P pole (N48E 39) to the girdle defined by 
the poles to bedding and to the second 
phase planar features 

feldspar laminae in the Mt, Tom Amphibolite. 
scale fol9s in the Mt. Tom Amphibolite at Mt. 
features (Figs. 2, 10). 

The broad, open, NNW map 
Tom are fifth phase 

6,4 

6.7 0.3 

6.8 0.1 

Return to the vehicles, exit the park to the west, and 
and head back to Rt. 202. 

At the "T" intersection before Rt. 202 turn right 
(east). 

Turn right (east) onto Rt. 202. The road at first sub­
parallels the NE trending Mt •. Prospect Complex/country 
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Figure 12 Fifth phase foliation data 
from the Mt. Tom area 
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Figure 13 Lineation data from the Mt. 
Tom area. 
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xenoliths are common in the quartz monzonite. Though not present at 
this stop, microcline megacrysts are locally present in the diorite, 
especially near the contacts with the quartz monzonite porphyry. The 
localization of euhedral megacrysts only near contacts with the late 
intruding quartz monzonite, and the random orientation of the 
megacrysts in foliated diorite suggest that the microcline megacrysts 
in the diorite are porphyroblasts. 

A number of foliations are present in this outcrop (Fig. 14). The 
foliations most prominent are those due to alignment of 1-3 mm 
anhedral hornblende grains and those due to alignment of 1-3 mm 

• 
o• , ., 0 

)( D + D 

• G • 13 

x !!I 

El !!I~ • x 
[!) x,. x 

x x 

Figure 14: Structural data from Stop 
Poles to planar features=25 
igneous layering 
hornblende-biotite foliation 
feldspar foliation 
cleavage 
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7 and adjacent outcrops. 
Lineations:10 
hornblende lineation 
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intersection of cleavage 
and igneous layering 
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7,5 

8.6 

0.3 

0.8 

rock contact. Primarily diorite and quartz monzonite 
underlie Mt. Tom Pond to the south, and the Mt. Pros­
pect and Hartland Formations lie to the north. At the 
NE end of Mt. Tom Pond, the contact trends almost east 
and crosses the road, 

Continue along a large road cut which consists of Homo­
geneous Mafic Diorite in contact with the Bee Brook 
Member of the Hartland. Layered diorite and quartz 
monzonite are also present. The road recrosses the 
Mt. Prospect Complex/country rock contact which locally 
trends NW due to the Woodville Anticline, 

Pass Stop 8 and cross the N trending synform cored by 
the Mt. Prospect Formation. The low hills to the north 
and south of the road have diorite on their flanks and 
and the Mt. Prospect Formation at their crests. We will 
return to Stop 8 after examining the diorite at Stop 7, 
Continue east along Rt. 202. Pass several 
diorite outcrops before reaching Stop 7, Mt. 
Prospect cannot be seen over most of the Rt. 202 
route, but it is about 6000 feet north of Stop 7, 

Park in the E. Q, Phelps & Sons Co. driveway. Please 
do not block the access to the buildings. Stop 7 is the 
large diorite road cut and natural outcrop adjacent to 
the buildings. 

Stop 1= A large, layered diorite gneiss roadcut along Rt. 202. 
The layered diorite gneiss is the most extensive·unit of the Mt. 
Prospect Igneous Complex. It is composed of typically 1 cm to 5 m 
thick layers of quartz-plagioclase-hornblende-biotite gneiss locally 
with minor augite. The layering is due to differences in the relative 
proportions of the four major minerals, in color of the rocks from 
light-gray to dark-gray, and in grain size of rocks with this same 
mineralogy, Layer contacts may be sharp or gradational. Individual 
layers may wedge out or show low angle cross-cutting relationships 
with other layers. Mafic xenoliths are common in more felsic hosts 
but the reverse relationship is rare, Mafic biotite-hornblende lenses 
are floating in the diorite or locally concentrated along some felsic 
veins. The former appear to be partially assimilated xenoliths, while 
the latter may be cumulate patches. 

Layered diorite outcrops contain at least minor amounts of 
intrusive quartz monzonite in the form of veins, irregular, wispy 
aggregates, discontinuous layers, sills, and rare dikes. Quartz 
monzonite layers <2 cm thick are typically not porphyritic, but are 
rich in 2-4 mm, subhedral to euhedral plagioclase grains. Diorite 
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subhedral to euhedral andesine grains. The hornblende and andesine 
grains may be randomly distributed in the rock, which is the more 
general case, or concentrated in wispy lenses. The overall general 
impression is that these foliations are subparallel to the roughly E-W 
trending, compositional layers, but in fact low angle intersections 
among the foliations and compositional layers are common. The 
layering and foliations together produce the dominant, broadly curved 
surfaces in the outcrops. Locally the hornblende weathers out to 
produce either a pitted surface or a crude parting in the rock, Most 
lineations (Fig. 14) plunge moderately N to NE. This alignment is due 
to the fourth phase of deformation, and a major fourth phase syncline 
lies north of Stop 7 (Fig. 2). This lineation orientation roughly 
parallels the overall plunge of the cylindrical Mt. Prospect Igneous 
Complex. 

There are several, NE-to NW-trending, minor faults in the layered 
diorite on both sides of the road which locally show an actinolite 
lineation or slickensides. Displacement is difficult to demonstrate 
at this outcrop, but these faults postdate the previously mentioned 
foliations. The faults are in turn cut by randomly oriented, 1 mm 
wide, felsic veins which may be single and straight or in anastamosing 
groups. 

Foliation that transects the fault consists of small, fine­
grained, planar aggregates of feldspar and quartz, and which may be 
related to the fifth phase of deformation, is sporadically exposed in 
the large southern outcrop. 

8.6 

9,4 0. 1 

Return to the vehicles and proceed west on Rt. 202 to 
Stop 8. 

Turn left onto a minor side road which parallels Rt. 
202. 
Park along the side of this road just before the road 
rejoins Rt. 202. We will cross a private yard to get 
to the Stop 8 outcrops which lie south of Rt. 202. 
Beside walking through the woods, we will also be in 
people's back yards and fields so please respect their 
property and needs. 

Stop ~: The purpose of this traverse is to observe a major third 
phase fold in the diorite-country rock contact. 

The map pattern (Fig, 15) shows a north plunging, steep limbed, 
third phase, isoclinal syncline that is refolded by minor NE-trending, 
open, fourth phase folds. Poles to compositional layering and second 
phase foliation in outcrops around the fold hinge define a girdle with 
a pole plunging at N 1 E 46 (Fig, 16) which is presumed to define the 
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plunge of the third phase isoclinal syncline. A third phase foliation 
with an average orientation of N 10 E 82W is axial planar to the major 
fold. Younger foliations (Fig. 17) have significantly different 
trends. 

Station A: This exposure of the Mt. Prospect Formation consists of 
interbedded fine-grained, gray, poorly layered, siliceous granulite, 
gray quartzite and darker-gray, fine-grained, rough-surfaced, garnet­
muscovite-plagioclase-biotite-quartz schistose gneiss. Bedding ranges 
from several centimeters to several meters in thickness. Millimeter 
scale compositional layering in the schistose gneiss consists of 

I: . : . [ 
Quartz Monzonite Porphyry 

l~I 
Layered Diorite 

···· ... · ·. r · ···· · ·1 
:' ... ·:· :: ..... :: 

Homogeneous Mafic Diorite 

L.:-:-::1 
Mt. Prospect Formation 

@-STATION 

I
' -OTHER OUTCROPS MENTIONED 

IN THE TEXT 

--="-·-----:::!! .. TRAVERSE ROUTE 

-..<< BEDDING OR IGNEOUS LAYERING 

""<:< DOMINANT FOLIATION 

r 0 800 ft. 

Figure 15: Map of the Stop 8 area showing the third phase 
fold of the country rock/Mt. Prospect Complex contact. 
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fine-grained, quartz-rich layers and thinner, biotite-rich layers. 
The dominant foliation, which is due to the preferred orientation of 
micas, appears to be parallel to bedding and strikes roughly N-S. 

Station B: The Mt. Prospect Formation/diorite contact is exposed 
here and is subparallel to the NE-trending foliation. The contact and 
foliation are folded by third phase minor folds, 

Station C: This is a fifteen foot high outcrop of fine-grained, 
well-laminated, gray-white-weathering, plagioclase-garnet-silli­
manite-biotite-quartz gneiss. There are two distinct populations of 
millimeter scale laminations. One consists of smooth, white, fine­
grained, quartz layers, and the other is coarser-grained, granular, 
yellow-staining, irregular, feldspar-quartz layers. The dominant 
second phase foliation is axial planar to isoclinal folds in the 
lamination. Also present are 1-10 cm thick, massive, irregular, 
garnet-quartz layers which may concentrate in 1-2 foot thick zones. 
The garnet-quartz layers are boudinaged and isoclinally folded and 
axial plane foliation associated with these folds is due to the 
preferred orientation of biotite. 

Numerous minor third phase isoclinal folds in the layering are 
obvious and it is possible that several larger isoclinal folds are 
present in the entire outcrop. Several, late, non-axial planar, faint 
foliations are sporadically present. One of these, a S-dipping 
foliation, is probably a fifth phase feature, 

Station D: Quartz monzonite porphyry is intrusive into the Mt. 
Prospect Formation and layered diorite. Foliations are not obvious 
everywhere in this coarse-grained porphyry but can be identified upon 
close inspection. The most obvious foliation, due to aligned biotite 
and small inequant feldspar grains, strikes about N 60 E and dips NW. 
This is interpreted to be a fourth phase foliation. A weaker, 
isoclinally folded, second phase foliation is due to aligned biotite. 
The average N-S trend of this foliation probably represents the trend 
of the rock units. (Optional): About 250 ft. to the west are small 
outcrops of layered diorite with NW-trending compositional layering. 

Station E: About 100 ft. to the northeast are two small outcrops 
of the Mt. Prospect Formation with N70W trending laminations. 
Quartz-feldspar laminae define a fourth phase foliation that trends NE 
and dips NW. Over the next 1000 ft, of traverse, we will stop at 
several minor outcrops of diorite in order to demonstrate that the map 
scale fold closes to the south. We will wind up at Station F. 

Station F: Slumped blocks are abundant, but the rock is probably 
in place in a few places, The diorite layering and a subparallel 
first phase foliation which is produced by the alignment of feldspar 
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and hornblende trend N30E and both appear to be cut by a later N­
trending second phase foliation. Walking northwest we will cross an 
area of quartz monzonite and sedimentary rock float, and eventu2'lly 
arrive at Station G. 

Station G: A series of outcrops of the Mt. Prospect Formation 
extend northward along a minor ridge to the road, Along the way the 
dominant foliation strikes due north on average and has·a near 
vertical dip. Minor fourth phase folds with NE-striking axial planes 
and NNE-plunging hinge lines are common. These folds have a 
counterclockwise rotation sense which is related to the major third 
phase fold that causes the sharp curve to E-W trending folds near the 
southern border of the Mt. Prospect Complex (Fig. 2). 
9.4 Return to the vehicles and turn right (east) onto 

Rt. 202. Proceed to Stop 9. 
10.2 0.8 Pass Stop 7, Mt. Prospect which is over a mile to 

the north. is largely underlain by olivine norite 
and quartz norite. Some of the norite bodies are 
within about 500 feet north of Rt. 202, but none of 
the late intrusives except.for Quartz Monzonite are 
south of the highway. 

11.8 1.6 The long low hill with pastures north of the road 
is a drumlin. Several drumlins can be seen on both 
sides of the road over the next two miles. Glacial 
deposits cover most of the eastern half of the Mt. 
Prospect Complex, Thus detailed mapping is not 
possible here. 

14.1 

14.4 0.3 

o.s 

Turn left at the traffic lights onto Milton Road 
(which is not named of the 7,5 minute Litchfield 
quadrangle map). We have crossed the Mt. Prospect 
Complex over the last 0.1 to 0.3 mile and are now 
crossing into the Muscovite Schist Member of the 
Hartland Formation. 

Turn right onto Beach Street. 

Park the vehicles off the road, This is Stop 9. We 
will cross the stone fence on the east side of the 
road and go down the slope where there are abundant 
outcrops of the Muscovite Schist Member of the 
Hartland Formation. 

Stops 9-12: On these traverses we will examine the Muscovite 
Schist Member of the Hartland, and the Mt. Prospect and Manhattan C 
Formations north of the Mt, Prospect Complex (Figs, 18, 19). We will 
cross Cameron's Line several times and demonstrate that it is folded 
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Stop 8 outcrops. 
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by second and third phase folds. 

Stop 9: Extensive outcrops of the Muscovite Schist Member of the 
Hartland are on both sides of Beach Street (Fig. 18). 

Gray or silver gray, golden-brown-weathering, ataurolite-kyanite­
plagioclaae-chlorite-garnet-biotite-muscovite-quartz schist with 
millimeter to centimeter scale, fine-grained, sandy, locally 
laminated, quartz layers, and abundant, coarse, massive, vein-like, 
quartz layers, lenses, and pods is the moat abundant rock. Both types 
of quartz layers are iaoclinally folded. Subordinate, rusty­
weathering, dark, biotite-rich schist is present. Rare granitic 
pegmatites are conformable to the schistosity. 

/j ( #' ~ 
Mt Prospect Complex 

// ~ ; 
< LJ I II -II, 0 Mt. Prospect 

I 
<! Formation 

) 0 
\\ "' 

\I \ ~ D \\ "' -
\ & Muscovite Schist Member 

"' of the Hartland Fm. "' ~ 

@-STOP 

\\ " - OUTCROP 
:(c, 

(j- AREA OF ABUNDANT OUTCROP 

n\ - DOMINANT FOLIATION 

0 

Figure 18: Map of the area around Stopa 9, 10, and 11. 
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A second phase foliation generally trends NW to N. The youngest 
minor structural features at Stop 9 and 10 are due to the fifth phase 
of deformation. 

Large (<7 cm), biotite-muscovite-garnet-quartz aggregates that are 
pseudomorphs after staurolite show an imperfect tendency to be aligned 
in the foliation, and probably are elongate parallel early fold axes, 
Anhedral, relict staurolite and small euhedral (second generation) 
staurolites may occur in these pseudomorphs. Quartz rods and fine­
grained, elongate, biotite lenses 1-20 cm long are parallel to second 
phase fold hinge lines and to intersections of compositional layering 
and second phase schistosity. 

One roadside outcrop has abundant muscovite pseudomorphs after 
andalusite that have rectangular cross sections and are randomly 
oriented in the foliation. 

15.2 

. 15.4 0.2 

15.9 0.5 

Return to the vehicles and drive north on Beach Street. 

Make a sharp (150 degrees) left onto Osborn Road 
(not named on the 7,5 minute West Torrington quadrangle 
map and there is no street sign at this intersection) 
and drive south. We will cross the NW trending 
Muscovite Schist/Mt. Prospect Formation contact before 
reaching the Mt. Prospect Formatiom outcrop at Stop 10. 

Park on either side of the road. The Stop 10 
outcrops are along the road over a few hundred feet 
north of the parking spot. The diorite outcrop of 
Stop 11 is in the woods about 400 feet west of the 
parking area. The Muscovite Schist Member is 500 
feet east of Stop 10. 

Stop .1Q: At this location the Mt. Prospect Formation consists of 
medium-grained, dark gray, variably garnetiferous, muscovite-spangled, 
sillimanite-muscovite-garnet-quartz-biotite schist and various amounts 
of thin (1-8 cm), light-gray, fine-grained, well laminated, biotite­
garnet-quartz granulite layers. The bedding contacts between schist 
and granulite are nearly parallel to the foliation in the schist, but 
the granulite layers locally contain wildly contorted laminae. 
Coarse-grained, granular quartz layers, len,ses and pods are 
isoolinally folded by second phase folds. The quartz layers are down 
to <1 mm thick to locally give the schistose gneiss a "pin-striped" 
appearance. 

Stop 11 (optional): The most northern known diorite exposure of 
the Mt. Prospect Complex is a small pavement outcrop (Fig. 18). The 
outcrop surface is a NW-trending foliation which roughly parallels the 
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foliation in the Mt. Prospect Formation exposed 250 ft. to the east. 
This diorite body is interpreted to be in conformable, intrusive 
contact with the Mt. Prospect Formation and the contact outlines a 
second phase fold involving the diorite. 
15.9 Return to the vehicles and drive south. 
16.0 0.1 . Turn right (west) at the intersection of Osborn 

16.8 o.8 

0.2 

Road and Milton Road and continue NW. 

Turn right onto Hutchinson Parkway and head north. 

Park along the road at Stop 12. There are pastures 
to the west and woods to the east. The first Stop 
12 outcrop is a long low outcrop on the east side 
or the road. 

Stop .lE.: In traveling to Stop 12, we have crossed Cameron's Line. 
We will now traverse eastward and cross Cameron's Line on foot (Fig. 
19). At this locality the map pattern is interpreted to be the result 
of four phases of deformation. The Cameron's Line thrust juxtaposes 
truncated Hartland Members against Manhattan C Members. Cameron's 
Line is subsequently deformed by interfering second, third, and fifth 
phases of folding. The dominant foliation and associated folds are 
second phase features. The third phase folds in the foliation also 
fold Cameron's Line. The open folds are fifth phase features that 
have an associated SW dipping axial planar crenulation cleavage 
cleavage. 

There is a long, low, roadside outcrop of the Shepaug Member of 
the Manhattan C at Stop 12. It consists of interbedded, medium­
grained, rough-surfaced, garnetiferous, sillimanite-muscovite-garnet­
biotite-quartz schistose gneiss, and thinly laminated, fine-to 
medium-grained, garnet-muscovite-biotite-quartz schistose granulite. 
The laminae are 1-2 mm siliceous layers and thinner biotite-musco­
vite-rich layers. Porous clots (<2 cm thick and <15 cm long) in the 
gneiss are cored by 1 cm diameter garnets or aggregates of small 
garnets rimmed by sillimanite, quartz, and biotite. The clots are at 
the noses of minor folds, that together with the SW-dipping 
crenulation seen here are fifth phase deformational features. 

Proceed about 250 ft. S55E along the path to the top of a low 
hill Station A is about 150 ft. N60E from this point. Cameron's 
Line, though not exposed, is crossed before reaching Station A. 

Station A: An outcrop of the chlorite-biotite-rich schist in the 
Muscovite Schist Member of the Hartland consists of medium-grained, 
laminated, garnetiferous, staurolite-garnet-muscovite-biotite­
chlorite-quartz schistose gneiss to schist. Aggregates of 1-5 mm 
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Figures 19A&B: Geologic and structural data maps of the Stop 12 area. 
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diameter garnets with quartz and chlorite, and differential weathering 
of folded foliation may produce a rough outcrop surface. 

An attempt has been made, on the geologic map (Fig. 19), to 
locally divide the Muscovite Schist Member in order to better define 
the local folds. Thus a biotite-chlorite-rich schist within the 
Muscovite Schist is distinguished from the normal muscovite-rich 
schist on Fig. 19A. The outcrop at Station A consists of the 
biotite-chlorite-rich schist within the Muscovite Schist Member. 

Optional Route: Among the features seen at the optional Stations 
B, C, and D are the Muscovite Schist Member of the Hartland, outcrop 
size, second phase, isoclinal folds with the axial planar foliation, 
which is the dominant foliation here, and the axial region of a third 
phase map scale syncline where the dominant foliation is folded. 

Station B is about 200 feet S40E from Station A. 

Station B (optional): This is a N-S trending series of four 
outcrops of the biotite-chlorite-rich schist and the muscovite-rich 
schist within the Muscovite Schist Member. The average muscovite 
content increases to the south where the contact between the two 
subdivisions is crossed. 

The large northern outcrop consists of garnet-chlorite-muscovite­
biotite-quartz schist to schistose gneiss with 1-20 cm thick beds of 
light-gray, quartz-rich, schistose granulite and 0.3-1 m thick 
amphibolite beds. There is an outcrop-scale, southwesterly closing, 
second phase, isoclinal fold with the dominant foliation parallel to 
its axial plane and dipping moderately to the west. Plagioclase forms 
laminae in the amphibolite and these laminae are parallel to the layer 
contacts. Both surfaces are folded by second phase folds that have an 
axial plane foliation which is the dominant foliation. The normal 
muscovite-rich schists of this Member are mapped about 100 ft, to the 
south. Note that the average foliation in the southernmost, outcrop 
trends about N20E. 

Station C: Several small biotite-chlorite-rich schist outcrops in 
the Muscovite Schist Member are present in a clearing less than 100 
feet south of Station B. Medium-grained, staurolite-garnet-chlorite­
muscovite-biotite-quartz schist to schistose gneiss with coarse­
grained, quartz-feldspar lenses and layers (<10 cm thick), biotite­
amphibolite layers (<3 cm thick) and fine-grained, garnetiferous, 
laminated, quartz-rich, granulite lenses are present. The granulite 
lenses have apparently been broken up by shearing along the foliation. 
The foliated biotite-amphibolite layers are at high angles to both the 
coarse-grained, quartz-feldspar layers and the younger dominant 
foliation. The change in strike of the dominant second phase 
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foliation indicates that the third phase axial trace has been crossed. 

Station D is about 150 feet north of Station C. 

Station D (optional): This is a large, low, partially slumped 
outcrop of medium-grained, staurolite-garnet-chlorite-biotite-musco­
vite schist. The dominant foliation is varied in orientation in the 
axial region of the southwesterly closing third phase syncline (Fig. 
19b) and this and this outcrop is near the axial trace of this third 
phase syncline. Fifth phase orenulations and minor folds with SW­
dipping axial planes are a.lso present. 

Station E lies about 250 ft~ east of Station A and about 300 ft. 
north of optional Station D. Cameron's Line is again crossed on the 
way to Station E from D. 

Station E: This is a large outcrop of Manhattan C consisting of 
light-gray, fine-grained, garnetiferous, sillimanite-chlorite-musco­
vite-garnet-plagioclase -biotite siliceous schistose granulite. 
Resistance to weathering by fine-grained, chlorite-silliman!.te­
biotite-garnet aggregates yields a nubby surface. The orientation 
change in dominant foliation from W-dipping at Station A to NW-(north 
end) or N (south end)-dipping at Station E is caused by the third 
phase, map-s·cale syncline. Station E lies near the axial ·trace of 
this syncline. · 

We will now traverse about 250 ft. N3QW into a pasture to 
demonstrate the closure of the second phase fold in Cameron's Line. 

Station F: This is a group of three outcrops through which 
Cameron's Line passes (Fig. 19). The southern outcrop consists of 
medium-grained, staurolite-garnet-muscovite-chlorite-biotite-quartz 
schist with a 50 cm thick layer of fine-grained, siliceous granulite. 
The western outcrop consists of muscovite-biotite-quartz schistose 
gneiss These two outcrops are the biotite-chlorite-rich schist in the 
Muscovite Schist Member of the Hartland (Fig. 19). The large 
northeastern outcrop represents Manhattan C and is a garnetiferous, 
rough-surfaced, muscovite-biotite-garnet-plagioclase-quartz schistose 
granulite with subordinate <10 cm thick layers of biotite schist and 
garnet-hornblende-biotite gneiss. 

Cameron's Line trends NW on average through the outcrops while the 
dominant axial plane second phase foliation trends N30E on average 
which is parallel to the axial surface of the fold (Fig. 19). Thus 
this relation between second phase foliation and the axial surface of 
the fold indicates that this map scale fold is a second phase 
anticline and that these exposures are in its axial region. 
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Station G is located about 150 feet N70W from Station F. This 
outcrop of the Shepaug Member of the Manhattan C consists of light­
gray, muscovite-spangled, garnetiferous, chlorite-muscovite-garnet­
biotite-quartz schistose gneiss. Individual large garnets or garnet 
aggregates are surrounded by extensive biotite-chlorite-muscovite­
quartz haloes. The dominant foliation dips west. This outcrop 
further constrains the location of Cameron's Line to the folded shape 
shown by the second phase fold in Figure 19. 

The optional stop in the Garnetiferous Schistose Gneiss Member of 
Manhattan C at Station H is located about 900 feet east of G. This 
Member is locally truncated by Cameron's Line. 

station H (optional): The Garnetiferous Sch1st0se Gneiss Member of 
Manhattan C exposed here is a medium-grained, nubby-surfaced, garnet­
iferous, sillimanite-muscovite-garnet-biotite-quartz schistose gneiss. 
"Nubs" are resistant garnets and small sillimanlte-quartz lenses. 
Thia distinctive, uniform, dark-gray rock, which has relatively few 
fine-grained granulite layers, is equivalent to that at Stop 5. 

Exposures of the Muscovite Schist Member of the Hartland are a few 
hundred feet south along a minor brook, 

Station I (optional): This outcrop consists of coarse-grained, 
staurolite-garnet-chlorite--biotite-muacovite schist, rusty-weathering 
schistose gneiss in the stream bed and dark green to black, 
amphibolite layers. Foliation dips moderately northwest. 
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Trip C-4 
HONEY HILL FAULT AND HUNTS BROOK SYNCLINE 

Richard Goldsmith 
U.S. Geological Survey 

Reston, VA 22092 

lntroduc tion 
This field trip constitutes a traverse across the New London 

anticlinorium (fig. 1) from the east flank of the Lyme Dome and the Hunts 
Brook syncline across the Montville dome to the Honey Rill fault (figs. 2 and 
3). The purpose of the trip is two-fold: (1) to observe the transition in 
metamorphism and deformation from the south limb of the anticlinorium to the 
north limb where the regional metamorphic fabric seems to pass into the slab 
of ductily deformed rock which is the Honey Hill fault zone, and (2) to get a 
partial look at the schist in the Hunts Brook syncline and the repetition of 
stratigraphic units on either side of it in order to better consider the 
questions regarding the stratigraphic and structural position of the Schist 
(from here on referred to as the Hunts Brook schist). 

The New London anticlinorium is an east-west trending segment of the Hope 
Valley' terrane of Gromet and O'.Hara (1984), part of the Late Proterozoic 
Avalon platform of southeastern New England. The Honey Hill fault is a major 
ductile north- to northwest-dipping shear zone that separates the rocks of the 
New London anticlinorium from the Late Proterozoic and/or lower Paleozoic 
Tatnic Hill and Quinebaug Formations that form the Putnam terrane. The Honey 
Hill fault truncates rock units and isograds in the Putnam terrane in the 
sector between the Preston Gabbro and the Canterbury Gneiss (figs. 2 and 3), 
but to the west, rock units in the Putnam terrane and Merrimack synclinorium 
parallel the fault trace. Rock units and isograds in the north limb of the 
New London anticlinorium are sub-parallel to the fault trace throughout its 
length. 

Rocks in the New London anticlinorium are intrusive and stratified rocks 
(table l; fig, 2) containing sillimanite-muscovite and sillimanite-orthoclase 
metamorphic mineral assemblages. These rocks have undergone at least two 
stages of deformation (fig. 3). The first produced the pervasive foliation 
(gneissosity, schistosity) in the rocks which is inferred to be axial planar 
to large-scale recumbent folds, evidence for which is deduced from the map 
pattern of units and from rare mesoscopic isoclinal folds that have an axial 
plane foliation in outcrop, Later folding about steeper axial surfaces 
deformed the earlier foliation and produced the interference pattern of domes 
and basins now present (dome stage of deformation). The dome stage, as I have 
defined it, consists of several subsidiary stages of deformation that had 
different orientations. In the early part of the dome stage, vergence was 
toward the south, so that the normal limb of the. New London anticlinorium lies 
to the north and the steep limb to the south, Later folds distorted the steep 
limb (fig. 3). In the southern part of the anticlinorium, on the overturned 
limb, a later foliation has formed locally that is axial planar to minor folds 
that fold the the older foliation. Coarse-grained textures, partial-melting 
phenomena, movement of blocks of rock past each other along narrow zones 
without cataclasis or diapthoresis (''s" on fig. 3), and the high-grade mineral 
assemblages that characterize the dome stage deformation in the southern part 
of the anticlinorium (Lundgren, 1966; Goldsmith, 1985) indicate that the rocks 
were deformed at fairly high temperatures. In the northern limb of the 
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Table 1. Description of rock units in the New London anticlinorium. 

Westerly Granite-- Gray, fine-grained, equigranular granite 
consisting of quartz, oligoclase, microcline and biotite 

~ Narragansett Pier Granite-- Light-gray to pinkish-gray, medium-
·.-! grained to sub-porphyritic granite composed of microcline, e calcic oligoclase, and quartz, and 4 to 7 percent biotite • 
.l'; Minor magnetite and allanite. 

<J 
•.-1 
0 ., 
0 ... 
"' .µ 
0 ... 

p.. 

"' .µ 

"' ,.:i 

Pegmatite-- Orange-pink, white, and gray, zoned, cross-cutting 
pegmatite. 

Joshua Rock Granite-- Gray, weakly foliated, even-grained, medium­
grained, aegerine-augite-bearing quartz-albite-microperthite 
granite. Contains a rare-earth-bearing sphene and has cherry­
red spots of hematite on weathered surface. 

Hunts Brook schist (informal name)-- Garnetiferous sillimanite and 
orthoclase-bearing quartz-plagioclase-biotite gneiss, and 
quartz-feldspar gneiss. Locally rusty weathering. Rare 
layers of calc-silicate rock and amphibolite. Thin white 
quartzite locally at base. 

unconformity'? 

Alaskite gneiss (equivalent to Ho.pe Valley Alaskite Gneiss)-- Pale 
orange-pink, light-gray to white, quartz-microcline-albite 
granite characterized by l to 2 percent magnetite or magnetite 
and biotite. Foliation marked by alternate flat lenses of 
feldspar and of quartz. Locally may contain muscovite. 

Biotite granite gneiss (equivalent to Potter Hill Granite Gneiss)­
- Gray, streaked, biotite-quartz-oligoclase-microcline 
gneiss. Near margins may contain garnet, sillimanite, and 
muscovite. Biotite both concentrated in streaks and 
disseminated. Contains local inequigranular phases and 
biotite-poor phases approaching alaskite. 

Waterford Group 

Rope Ferry Gneiss-- Lenticularly layered to massive (intrusive 
phase), mostly even-grained, gray hornblende-biotite-quartz 
plagioclasc gneiss and, in places, biotite-quartz-microcline­
plagioclase gneiss containing scattered lenses of 
amphibolite. Mafic minerals tend to be concentrated in small 
clots and streaks. 

New London Gneiss-- Layered facies: alternate layers of 
amphibolite and light~colored biotite-quartz-plagioclase 
gnei~s, granodioritic in co1nposition. Layers are less than 30 
cm to several meters thick. Massive facies: gneissic 
granodiorite, non-layered, uniform in texture and color. 
Characterized by shiny black biotite flakes and conspicuous 
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Mamacoke Formation-- Upper Gohanzie member (informal name): Light­
colored, sugary textured, biotite-quartz-feldspar gneiss 
containing quartz-sillimanite nodules and greenish-gray calc­
silicate gneiss and schist containing diopside and epidote; 
dark-gray, even-textured biotite-plagioclase gneiss, much of 
which contains abundant small red garnets and sillimanite; 
coars·e-grained, inequigranular, amphibolite tending to form 
blocks and lenses in a granitoid matrix; a few thin white 
layers of quartzite locally at the top. Lower member: 
indistinctly to distinctly layered, gray biotite-quartz­
plagioclase gneiss and subordinate biotite-quartz-microcline­
plagioclase gneiss. Magnetite is prominent on weathered 
surfaces. Contains minor layers of amphibolite and 
hornblende-bearing gneiss and rare thin beds of quartzite. 

Plainfield Formation 
Upper member-- In upper part, thin-bedded gray quartzite 

containing micaceous partings, Interlayered subordinate 
biotite-feldspar-quartz schist and biotite-quartz-feldspar 
gneiss containing a little muscovite and sillimanite. Beds 
are mostly 1 to 7 cm thick but as much as 30 cm thick. In the 
Old Mystic area, grades upward into a gray biotite-quartz­
feldspar gneiss containing knots of hornblende that mark the 
boundary with the Mamacoke Formation. In lower part consists 
of light-gray quartzite in layers and elongate lenses 60 cm to 
1 m thick, a few layers of white to light-green diopside­
bearing calc-silicate quartzite. 

Middle member-- Gray biotite-quartz-feldspar gneiss conta1n1ng 
hornblende and diposide, calc-silicate quartzite and gneiss, 
amphibolite, garnetiferous schist, sugary-textured 
sillimanite-bearing biotite-quartz-feldspar gneiss, and thin 
beds of white to gray quartzite. 

Lower member-- Light-gray quartzite in beds 15 cm to 1 m thick 
that contain sillimanite and biotite partings and are 
interbedded with sil,limanitic and non-sillimanitic mica schist 
and mica gneiss. In Lyme dome, consists of thick sequences of 
micaceous to feldspathic quartzite that contains quartz­
sillimanite nodules and thick sequences of pelitic schist and 
gneiss as above • 

. !'. 
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Figure 2. Geologic sketch map of southeastern Connecticut and adjacent Rhode 
lsland and New York, showing numbered locations of field trip stops. 
Adapted from Goldsmith (1985). 
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Figure 3. Map of structural features of southeastern Connecticut and adjacent 
Rhode Island, showing generations of fold structures and numbered 
locations of field trip stops. Adapted from Goldsmith (1985). 

C4-6 



I 
1 

. I 

l 
I 

I 

anticlinorium, the rocks are at amphibolite facies but are finer-grained and 
appear to have blastomylonitic textures. In the Honey Hill fault zone, the 
former high-grade mineral assemblages predominantly those in rocks of the 
Tatnic terrane, have retrogressed to greenschist facies assemblages {Lundgren 
and others, 1958; Snyder, 1964; Lundgren and Ebblin, 1972; O'Hara and Gromet, 
1983). 

Several workers have studied the timing of these events. The 
retrogressive greenschist facies metamorphism along the Honey Hill fault has 
been dated as Permian (O'Hara and Gromet, 1983). The Joshua Rock Granite 
(table 1) which has been dated as Late Pennsylvanian or early Permian by R, E. 
Zartman (oral communication, 1981), is involved in the doming-stage folding 
and the flattening in the thinned section between the Lyme Dome and the 
Montville Dorne along Hunts Brook (Stop 4, fig. 3). The dikes of Westerly 
Granite, dated as Early Permian (Kocis and others, 1978), clearly cut all 
earlier fabrics. Pink, zoned pegmatite believed to be related to the Westerly 
and Narragansett Pier Granites cuts blastomylonitic rocks in the Honey Hill 
fault zone.. These obs-ervations constrain the events between the dome-stage 
folding and the final movement on the Honey Hill fault to a very narrow 
interval. Furthermore, they indicate that rapid uplift and northward tilting 
of the New London anticlinorium occurred in the Permian. However, the time of 
pre-dome stage deformation, isoclinal folding, and formation of the foliation 
is uncertain. All also may have to be Permian. South of the Honey Hill 
fault, there is no evidence of a metamorphic event between the Late 
Proterozoic and the Permian (M. H. Pease, Jr., written comrnuication, 1982), 
In the Putnam terrane above the Honey Hill fault, there are indications of 
metamorphism and pegmatite intrusion that are Middle Ordovician or older, and 
Acadian (Devonian) metamorphic and plutonic events have occurred in the Putnam 
terrane and the terrane of the Merrimack synclinorium to the west (Zartman and 
others, 1965). We do not know to what extent, if at all, the Hope Valley 
terrane that is exposed now in the Willimantic dome was involved in the 
Acadian metamorphism. As mentioned abov~, one of the aims of this trip is to 
observe the change in textures and style of deformation across the New London 
anticlinoriurn and to see if it is correct to say that the Honey Hill fault 
zone represents the localized and final stage of movement at a shallow level 
of a more pervasive and deeper-seated deformation that began earlier. 

The other topic of this trip is the nature of the Hunts Brook syncline 
(or synform?) and the contact between the Hunts Brook schist and the 
underlying Waterford Group. I originally mapped the Hunts Brook schist as 
Brimfield Schist because this pelitic unit could be traced into the Montville 
and Niantic quadrangles from the Essex area where it was mapped by Lundgren 
(1962) as Brimfield Schist (fig. 4). This unit was at the time equated with 
the Tatnic Hill Formation and we believed the Tatnic Hill could be traced 
continuously into and around the Chester syncline into the Brimfield Schist on 
the flanks of the Bronson Hill anticlinorium (Rodgers, 1985), Recent mapping 
by Wintsch (1979; Wintsch and Kodidek, 1981) however, has brought into 
question the continuity of the Brimfield with the Tatnic Hill around the 
syncline. Furthermore, the plagioclase gneisses that lie below the Brimfield 
on the flanks of the Bronson Hill west of the Chester syncline appear to be 
Ordovician in age (Zartman and Naylor, 1984), whereas the plagioclase gneisses 
south of the Tatnic Hill and the Honey Hill fault are Late Proterozoic in age 
{Pignolet and others, 1980). The two sets of plagioclase gneisses differ in 
compositions according to Wintsch, 1980). Nevertheless, I believe that the 
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Schist in Hunts Brook is in the same structural position and probably 
stratigraphic position above the Waterford Group as is the Tatnic Hill. J;n 
this case, the contact of the Hunts Brook schist with the Waterford Group in 
the Hunts Brook syncline should represent the same horizon as the Honey Hill 
fault on the north limb of the anticlinorium. However, one could argue that 
the Honey Hill fault has cut up section above the Tatnic Hill and that this 
contact was before metamorphism either a normal stratigraphic contact in a 
continuous sequence of Late Proterozoic rocks, or was an unconformity. In the 
latter case, the Hunts Brook schist could be equivalent to the Tatnic Hill or 
the Brimfield, or both. If both, a major break must lie beneath the schist 
because it would rest on both Bronson Hill Ordovician plagioclase gneiss to 
the west and Late Pro.terozoic Waterford Group plagioclase gneiss to the 
east. If not, probably there are two schists in two different tectonic 
blocks, in which case the Hunts Brook could be part of a Late Proterozoic 
sequence. If so, the Hunts Brook schist is of different composition than the 
pelitic rocks of the Plainfield Formation which tend to be relatively more 
quartzose than the Hunts Brook and to contain tourmaline. There is a schist 
in the Essex area of the Chester syncline (R. P. Wintsch, this guidebook) 
which lies above Late Proterozoic plagioclase gneiss that greatly resembles 
the Rope Ferry Gneiss, and this schist must be continuous with the Hunts Brook 
Schist as originally mapped. On this trip we can not resolve the problem as 
to the identity and correlation of the Hunts Brook schist, but we can look at 
the Hunts Brook and its contact and see if it can tell us anything. I am 
inclined to favor the position that it is a metamorphosed unconformity because 
of the fairly abrupt change in rock type, because of rare lenses of quartzite 
that lie along the contact, and because of lack of evidence for faulting. 

ROAD LOG AND STOP DESCRIPTIONS 

The trip area is covered by the 
London 7-1/2 minute quadrangle maps. 
published in U. S. Geological Survey 
576, and 609 (see references), 

Uncasville, Montville, Niantic and New 
The geology of these quadrangles is 

Geologic Quadrangle Maps GQ's 574, 575, 

The assembly area for the trip is the parking lot of the Connecticut 
Yankee TraveLodge located on Route 161, 50 yards south of its intersection 
with I-95 at Flanders. From I-95 take exit. 74 south towards Niantic. The 
TraveLodge is on the right. The trip may be run either from north to south or 
south to north depending on the time of high tide that day. The log will be 
presented as from south to north. If the trip is run from north to south, the 
first stop can be reached via I-95 to I-395 to Route 2A south of Norwich and 
thence as directed from Stop 7 to Stop 8. 

Miles 
cum. int. 

0 0 
1. 7 1. 7 
2.6 0.9 

2.1 0.1 
3.1 0.4 

From TraveLodge parking lot, turn right (south) on Route 161. 
Bear right at second traffic light onto Pataguansett Road. 
Intersection of Pataguansett Road and Route 156. Turn left 
(east). 
Turn right (south) on McCook Point Road. 
McCook Point. Turn left into parking lot. 

STOP l (30 minutes) Hunts Brook schist (informal name) at McCook Point. 
Outcrops at east end of the beach are Hunts Brook Schist in the trough of the 
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Hunts Brook syncline. The Hunts Brook consists of quartz, plagioclase, 
biotite, sillimanite, garnet, and minor amounts of potassium feldspar. Note 
the garnet sand on the beach. No muscovite is present. The rock is 
physically a gneiss and is within the second sillimanite zone of 
metamorphism. The protolith of the Hunts Brook is considered to be a sequence 
of layered pelite and semi-pelite. In places, but not here, a thin quartzite 
is exposed at its base. The layering is considered to be transposed bedding 
accentuated by metamorphic differentiation. Unfortunately I have few modes 
and no chemical data for the Runts Brook schist. The syncline has been folded 
along a series of east-west trending late folds (fig. J). Minor folds plunge 
to the east, The major stucture is presumed to plunge north like the 
Montville fold, although the axis of the Runts Brook synform has most likely 
been rotated by the later folding. The minor folds in these outcrops are of 
the doming stage and fold the foliation. Traces of axial surfaces vary from 
N65E to N80E, and plunges of axes are mostly steep to the east, Short limbs 
of some folds have been sheared off. Note also boudinaged layers that have 
steep axes. The pegmatite dikes that cut the deformed gneissic fabric are 
abundant in the coastal area and are considered to be Permian in age and 
contemporaneous with the Narragansett Pier and Westerly Granites. 
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Return to cars and proceed north (right) from parking lot. 
RR overpass, must turn right, then left. 
Intersection Route 156. Turn left (west). 
Turn right at light onto Pataguansett Road. 
Turn left at traffic light onto Route 161. 
Enter 1-95 northbound ramp. 
Exit Route US 1. 
Cross I-95 
Turn sharp onto River Roa<l before second bridge. 
Go to end of road and park in pull-off. 

STOP 2. (1 hour) Contact of Hunts Brook schist and Ropes Ferry Gneiss on edst 
limb of the Lyme Dome. - Climb bank next to last house up to trail and proceed 
south (about 15 minutes) along trail past intermittent outcrops of hornblende­
biotite gneiss (Ropes Ferry Gneiss) considered to be a meta-plutonic rock. 
Large ledges to the right are Ropes Ferry Gneiss, New London Gneiss, and 
transition to Mamacoke Formation cut by a dike of Westerly Granite. Near the 
large ledges, veer left, where marked, to beach and shore of the Niantic 
River. Follow along the shore (difficult if tide is high) and pass into 
layered rocks forming the contact zone of Ropes Ferry Gneiss and Runts Brook 
Schist. The contact zone contains thin layers of dark- and light-colored 
rock, garnet-bioitie gneiss, and amphibolite pods. Ropes Ferry Gneiss is 
exposed in the bank at one place. At the furthest available outcrops are 
discontinuous quartzite layers. Similar' rocks, except for the quartzite, are 
exposed on the east side of the synform across the Niantic River. Axial 
surfaces of early dome-stage minor folds trend northerly and are inclined less 
steeply to the east than is the layering. Axes plunge to the north, a 
different orientation than the minor folds at Stop 1. 

The options for the pre-metamorphic nature of the contact as discussed 
above are: (1) a ductile shear zone, (2) an unconformity of non-conformity, or 
(3) a conformable contact in a Late Proterozoic sequence. I see no evidence 
for (1) and for the reasons given above, I prefer option (2). In this option, 
the Hunts Brook could be Late Proterozoic or early Paleozoic in age through 

C4-10 



I 

l 
l 
. I 

J 

I 

correlation with schist in the Chester syncJine area to the west or the 
schists in the terrane north of the Roney Hill fault. 

Return via trail to cars. 
7 '9 0 .1 Re turn to US 1, turn right (east) • 
8.0 0;1 Cross bridge and turn left (north) onto Oil Mill Road. 
8.5 0.5 Turn right (east) just beyond I-95 overpass onto Parkway North. 
9.1 0.6 Stop at road cuts at top of hill. 

STOP 3. (20 Minutes) Alaskite Gneiss, Westerly Granite, and Waterford Group -
Plainfield Formation transistion zone, - Outcrops at road level are alaskite 
gneiss equivalent to Hope Valley Alaskite Gneiss. On the south side of the 
road, the alaskite contains inclusions of biotite gneiss of the Mamacoke 
Formation, and at one point, the alaskite is cut by a characteristically 
gently dipping dike of Permian Westerly Granite. On the west side of the 
outcrop on the bank towards the Interstate, the contact of the alaskite with 
quartzite in the transition zone between Plainfield Formation and the 
Waterford Group (Mamacoke Formation) is exposed. We are on the east (and 
north) side of the Hunts Brook synform near the nose of a pre-dome stage 
anticline (fig. 3). The anticline is a tightly refolded anticline containing 
biotite gneiss in its core flanked by Plainfield Formation, alaskite gneiss, 
and further outward by rocks of the Waterford Group. By climbing down the 
roadway--be careful--one can see that the a1askite clearly transects the 
stratified rocks and provides a minimum age for the Plainfield and 
Waterford. The alaskite gneiss is correlated with the Hope Valley Alaskite 
Gneiss in Rhode Island which has been dated by U-Pb isotopes in zircon in 
northeastern Connecticut and 'southeastern Massachusetts at 630 m.y. (Zartman 
and Naylor, 1984). The gneissic fabric (foliation) in the alaskite is co­
planar with the regional foliation which has been folded during the doming 
stages, The Early Permian Westerly Granite lacks this gneissic fabric and 
cuts folds of the dome stage, thus giving a minimum age for the doming • 

9,7 0.6 
10.2 0.5 
10.7 0.5 

11.l Q.4 

11.3 0.2 
11.6 o.J 
13.9 2.3 
15.7 1.8 

Return to Oil Mill Road. Turn left (south). 
Intersection of US 1, turn right (west), 
Cross I-95. Light colored outcrops to right are alaskite 
gneiss. Continue on US l toward Flanders. 
Outcrops to right are biotite granite gneiss of the Sterling 
Plutonic Suite equivalent to Potter Hill Granite Gneiss in Rhode 
Island. Foliation is nearly vertical. The biotite granite gneiss 
and the alaskite gneiss are on the west limb of the Hunts Brook 
synform (east limb of the Lyme dome). The valley to the west of 
the ledges is occupied by sillimanite-bearing mica gneiss of the 
Plainfield Formation. The granite gneiss contains rare prisms of 
sillimanite on foliation surfaces which I believe are the result 
of assimilation of wall rock material by the magma during 
emplacement and slow cooling. 
Intersection with Route 161. Turn right (north). 
Outcrops of biotite granite gneiss. 
Outcrops of gneissic biotite granite well within the Lyme dome. 
Turn right (east) onto Westchester Drive. Bear right to circle. 

STOP 3A (15 minutes) Quartz-sillimanite nodules in feldspathic quartzite of 
the Plainfield Formation. - The lower member of the Plainfield Formation in 
the Lyme dome consists of two primary assemblages: a thick pelitic gneiss 
which outcrops to the south of this locality, and this unit of feldspathic 
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quartzite containing nodules of quartz and sillimanite. The protolith was 
probably a clayey sandstone, perhaps somewhat feldspathic. At lower 
metamorphic grade, this rock would probably be a muscovitic quartzite. We are 
in the sillimanite-potassium feldspar zone. I believe a metamorphic, 
apparently concretionary process at this high grade of metamorphism has 
produced these lenses and nodules. Elsewhere in the area, the nodules have 
formed in a granitoid matrix {see Stop 6) so that the presence of these 
nodules in this rock is somewhat unusual. Quartz-sillimanite and quartz­
sillimanite-muscovite nodules are common features of high-grade metamorphic 
terranes in which rocks of pelitic and psammitic composition are present. 
They have been reported in Ireland, Norway, Finland, India, Canada, 
Connecticut, New York, and probably elsewhere. J. A, w. Bugge (1943) gives a 
fairly complete discussion of the nodules and ascribes them to migmatization 
(the vogue in those days) in a zone of aluminous rocks. The nodules in the 
New London area usually are ellipsoidal, flattened in the foliation, and are 
elongated down dip in the direction parallel to the plunge of mineral 
lineation and fold a~es in the area. At one place, however, the a-b plane of 
the ellipsoids dipped more steeply than the foliation. 

Return to Route 161. 
16.3 0.3 Turn right (north) on Route 161. Ledges in this area are all 

17.6 1.3 

17.9 o.J 
20.0 2.1 
20.8 0.8 

20.9 0.1 
21.1 0.2 

nodular quartzite of the Plainfield Formation. 
Intersection of Route 85 at traffic light. Turn sharp right 
(south) on Route 85. 
Turn left (east) on Turner Road. 
Intersection with East Pond Road. Turn left (north). 
Outcrops on right are Ropes Ferry Gneiss on south limb of Hunts 
Brook synform in the Lyme Dome, the same rock seen at Stop 2. 
Turn right (east) on Fire Street. 
Park near entrance to gravel pit. 

STOP 4. (2 hours) Section across Waterford Group on the north side of Hunts 
Brook Syncline, Montville dome. - At this stop we will traverse from the top 
of the Waterford Group almost to the Plainfield Formation. The Hunts Brook 
schist is not exposed but is presumed to occupy the valley in which the brook 
flows. 

From the cars, take the dirt road leading to the gravel pits, bear right 
towards the end of the first open pit, and climb the hill following the flags 
along a chain of outcrops. The ledges up the slope and to the top are Ropes 
Ferry Gneiss. The lowest and first outcrop is layered and is in the contact 
zone between the Ropes Ferry and Hunts Brook schist as at Stop 2. Climb over 
or walk around a large continuous ledge of Rope Ferry Gneiss. Climb to the 
top of the ledge at its end and bear N40-50E to a ravine. At the top of the 
ravine and on the slope down are interlayered amphibolite and light-colored 
rocks of granodioritic composition (New London Gneiss). On the north side of 
the ravine, bearing N50E, is a ledge of gneissic aegerine-augite granite 
(Joshua Rock Granite). The Joshua Rock is present only on the north side of 
the Hunts Brook syncline. It has not been identified in the Lyme dome. As 
the Joshua Rock is Pennsylvanian or Permian, whereas the adjacent Waterford 
Group is Late Proterozoic, the Joshua Rock is not part of the Waterford Group 
as I had originally proposed (Goldsmith, 1976). As mentioned above (Stop 3), 
the Joshua Rock is involved in the dome-stage folding and has a weak gneissic 
fabric. It is thus an intrusive rock older than the Westerly Granite. It 
forms a sill following a particular horizon between the New London Gneiss and 
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the Mamacoke Formation. It does not appear to transect other units. A 
somewhat similar alkalic rock lies south of the Honey Hill fault in the 
Fitchville quadrangle (Snyder, 1964). 

Bear right around the ledge of Joshua Rock and thence over the top, 
bearing left towards the power line along a ledge of Mamacoke Formation. The 
rock here is a compositionally varied member of the Mamacoke Formation, 
informally called the Cohanzie member (table 1). First is a rock containing 
amphibolite blocks and lenses in a granitoid matrix. North of this rock is a 
distinctive dark-gray, garnet-rich, sillimanite-biotite-quartz-feldspar 
gneiss. North across the trail along the power line are two other distinctive 
marker units. One is a calc-silicate }ayer that contains epidote, diopside, 
and calcic plagioclase; the other is a .granitoid rock containing quartz 
sillimanite lenses. Angle right to the trail along the power line and follow 
it east into gray biotite gneiss typical of the bulk of the Mamacoke 
Formation. Follow the trail to light colored ledges of alaskite gneiss (Hope 
Valley Alaskite Gneiss equivalent), The ledges to the northeast across the 
wide valley are also alaskite gneiss. Thin slivers of quartzite of the 
Plainfield Formation are exposed in places on both sides of the alaskite, bnt 
none aree seen on the ridge we are on. The ledges immediately north of the 
power line are all alaskite, which is about 200 feet thick here. 

Return west-southwest along the power line past the point at which we 
intersected it, into a woods road. A ledge west of the first intersection 
with another woods road is again the aegerine-augite granite gneiss. follow 
the woods road back to the power line and.bear left (south) down hill back to 
gravel pit and cars, 

23.2 2.1 
23.7 0.5 

23.9 0.2 
24.3 o.4 

25.2 o.9 
25.6 0.4 
26.2 o.6 
26.6 o.4 
27.4 o.s 
28.4 l.O 

Turn around and proceed west on Fire Street. The road passes down 
through the section just traversed into the Plainfield Formation. 
Four corners. Turn right (east) on Chesterfield Road. 
Sillimanite-biotite gneiss of the Plainfield Formation. This 
gneiss forms a partial mantle around the Gay Hill pluton of 
granite gneiss. 
Quartzite of the Plainfield Formation and pegmatite. 
Granite of the Gay Hill pluton. This granite has a peripheral 
zone of sillimanite and tourmaline-bearing granite where in 
contact with the sillimanite-bearing gneiss and schist of the 
Plainfield Formation. 
Cross Old Colchester Road at Fair Oaks School. 
Turn right (east) on Route 163. 
Typical outcrops of quartzite of the Plainfield Formation. 
Cross Oxoboxo Brook, 
Montville Post Office. 
Ramps at I-395. Proceed under I-395 and park in abandoned service 
station. on left. 

STor 5. (l hour) Plainfield Formation in center of Montville dome. - Be alert 
for cars ei<iting from 1-395. Cuts here are in the lower member of the 
Plainfield, Formation on the north side of the Montville dome, about at the 
general horizon of the nodular quartzite and schist in the Stop 3A area. 
Pelitic gneiss, semi-pelitic gneiss, quartzite of the Plainfield Formation, 
and sills of biotite granite gneiss are exposed in the northbound entrance to 
I-395. We are still in the sillimanite-potassium feldspar zone of 
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metamorphism. Pelitic rocks contain sillimanite, garnet; and tourmaline as 
well as biotite, quartz, and feldspar. Tourmaline is a characteristic 
accessory in pelites of the Plainfield Formation. Note the somewhat laminar 
aspect of the pelitic gneiss. At entrance to the cuts on the west side is 
coarse silliman.i_te in a pegmatitic segregation vein. A sill of inhomogeneous 
biotite granite gneiss in the first part of the cuts consists of subequal 
amounts of microcline, calcic oligoclase, quartz, and minor biotite. The 
granite gneiss is considered to be intrusive. Cross-cutting contacts can be 
discerned on the east side of the cuts. Semi-pelitic gneiss containing flat 
lenses of quartz is common in the Plainfield. Loughlin (1912) called the 
Plainfield the "Plainfield quartz schist" because of the abundance of quartz 
in the unit. Quartzite layers tend to boudinage; their orientation indicates 
east-west extension. The amount of quartzite increases to the no~th end of 
the cuts, where some quartzite layers contain diopside. The hill to the north 
is composed of thin- to thick-bedded quartzite and minor interbedded meta­
pelite, but the quartzite is not well eKposed on I-395 which cuts across the 
hill, probably because the highway follows a zone of closely spaced joints. 
An amphibolite layer, probably a metamorphosed mafic dike, is eKposed at the 
curve of the road on the east side. Late, north- to northwest-trending high­
angle faults containing gouge and breccia cut the schist, gneiss, and 
quartzite in places. Folds of foliation have steeply-dipping axial surfaces 
oriented about N55W and dipping 70-75° N; axes plunge S75E 30°. Intersection 
lineation ranges from N20W 30° to N40W 55°. 

28.4 0.4 
Proceed east on Route 163 to Uncasville. 
Turn right (south) on Route 32 at traffic light. Turn right again 
immediately at second traffic light and park behind stores. 

STOP 6. (20 minutes) Quartz-sillimanite nodules. - Ledges across street from 
parking lot are granite gneiss containing approximately equal amounts of 
quartz, micrOcline, albite to sodic oligoclase, two percent biotite, and minor 
garnet and tourmaline. These outcrops are part of the marginal phase of the 
Gay Hill pluton. Outcrops hehind the gas station on the east side of Route 32 
contain nodules of quartz and sillimanite which have weathered from the rock 
leaving pits. A belt of pelitic schist of the Plainfield lies to the north of 
this outcrop. The composition of the nodules is similar to that in the nodules 
of the feldspathic quartzite except for the presence of tourmaline. The 
granite matrix in this rock is richer in albite and poorer in microcline than 
the main mass of the pluton. The Gay Hill pluton is almost entirely 
surrounded by pelitic gneiss and quartzite of the Plainfield Formation. I 
consider the garnet, tourmaline, and quartz-sfllimanite nodules found in tbe 
outer part of the pluton, 1 consider to be the result of interaction of 
granite magma and pelitic wall rock. The composition of the granite is close 
to that of the granite-melting minimum. 

Quartz-sillimanite nodules are fairly common in southeastern Connecticut 
in the Plainfield and Mamacoke Formations as well as in small granite masses 
and border zones of plutons. The mechanism for- their formation and their 
presence in both quartzite and granite would make an interesting study. The 
matrix of the host rock, where granitoid, is generally rich in potassium 
feldspar and the texture is saccharoidal. 1 believe the nodules to be of 
metamorphic origin and related to muscovite decomposition reactions and 
consequent production of feldspar and quartz in the second sillimanite zone of 
metamorphism. Thi:s process however does not fully explain the presence of 
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nodules in a granitic matrix. 
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Return to Route 32, turn left (north) on Route 32. 
Outcrops of Plainfield schist and granite gneiss. 
Fort Shantok Road. Turn right (east). 
Turn left up hill on road just before Route 2A overpass. 
Park in wide area overlooking Route 2A. 

STOP 7, (45 minutes) Waterford Group and alaskite south of the Honey Hill 
fault, - The purpose of this stop is to observe the reduction in grain size 
and the laminar foliation related to strong penetrative deformation during 
development of the Honey Hill fault. In thin section the textures are not 
cataclastic but are metamorphic, and the foliation is conformable with the 
pattern of regional foliation in the lower plate. 

The rocks are alaskite gneiss equivalent to Hope Valley Alaskite Gneiss 
and undifferentiated rocks of the Waterford Group, probably the Mamacoke 
Formation. Plainfield Formation outcrops across the valley to the south. 
Amphibolite layers typical of the layered New London Gneiss lie to the north 
close to the fault. The outcrop where the cars are parked is alaskite at the 
base of a sill-like mass about 2,700 feet thick; this mass forms the ridge" we 
are on. The sill is entirely in the Waterford Group. Note the inclusions of 
mafic rock. This alaskite contains slightly more biotite (1 to 3 percent) 
than the sills of alaskite to the south that cut the Plainfield Formation 
where the mafic mineral is mostly magnetite. Drop down the embankment to the 
east end of the cuts along Route 2A. To the west of the alaskite is layered 
biotite-quartz-plagioclase gneiss. Layers differ in amounts of biotite, and 
some layers also contain hornblende. Note the fine grain size and laminar 
nature of the foliation. Contacts of layers appear sharp but are actually 
fuzzy in detail. The foliation is parallel to the trend and dip of the Honey 
Hill fault to the north. A streaking lineation is N20W 40°. A few folds 
toward the west end of the cut have axial surfaces that dip more steeply than 
the layers. Several steeply dipping zones of younger closely spaced joints 
and faults toward the west end of the cut that are younger than the Honey Hill 
fault strike N35E. Others trend about east-west. Pyrite is evident along 
some of the faults and joints. Zoned cross-cutting pegmatites are probably 
Permian in age. The undeformed pegmatites indicate that the pervasive dynamic 
metamorphism was earlier than pegmatite emplacement, and they represent an 
argument for pre-Permian age for the primary high-grade dynamothermal 
metamorphism in the lower plate and for pre-Permian movement on the Honey Hill 
fault. 

33.9 o.4 
34,7 Q.8 
35.0 o.3 
36.8 1.8 

3 7. 7 0.9 

Return down hill to Fort Shan~ok Road. 
Turn right (north) to Route 32. 
Turn left (south) on Route 32. 
Take ramp eastbound onto Route 2A. Gross Thames River. 
Intersection with Route 12. Turn left (north). Continue on Rte 
12 passed intersection of Rte 2A East. 
Turn left past hospital onto a private road. Proceed to house at 
end of road. 

STOP 8. (1 hour) Honey Hill fault. - Outcrops on the river bank across the 
railroad tracks are in the Honey Hill fault zone. Ledges on the hill to the 
north and along the railroad tracks are Tatnic Hill Formation in the upper 
plate. The outcrop at water's edge may actually contain the contac't between 
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upper plate and lower plate rocks. Rocks are mylonite_ and mylonite gneiss and 
have a typical anastamosing fabric. The rocks were metamorphosed originally 
at sillimanite-orthoclase grade in the upper plate and sillimanite-muscovite 
grade in the lower plate, but they have been recrystallized to greenschist 
facies assemblages of green biotite, muscovite, and epidote. Garnet has been 
largely altered to green biotite, and sillimanite to sericite. This 
alteration has been dated by O'Hara and Gromet (1983) as Alleghanian. It also 
dates the latest movement on the fault and indicates the pressure-temperature 
conditions under which this deformation occurred. Intersection lineations 
plunge to the northwest as at the previous stop. Less deformed Tatnic Hill 
Formation along the railroad tracks to the north has a slightly different 
orientation than that of the mylonites. The parallelism of foliation in the 
lower plate seen in these rocks and at the last stop does not continue far 
into the upper plate. It is gone in a short distance, somewhere between the 
"ropy" gneiss in the upper part of the outcrop and the cuts along the railroad 
to the north. In this stretch of the Honey Hill fault, the units in the upper 
plate are discordant to the fault trace, except right along it, in contrast to 
the situation further west where the units have shallower dips and the trends 
of rock units parallel the fault trace (fig. 2) 

~nd of trip. Return to I-395 via Route 2A. Travel south on I-395 
for I-95 and New Haven. 
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PEGMATITES OF THE MIDDLETOWN DISTRICT, CONNECTICUT 

by 

David London 
School of Geology and Geophysics 

University of Oklahoma 
Norman, Oklahoma 73019 

GEOLOGY 

Granitic pegmatites are widely dis.tributed throughout the 
metamorphic rocks of Connecticut, but they are especially 
abundant in the vicinity of Middletown. The pegmati te fields of 
the Middletown district extend from Glastonbury south to 
Middletown and southeast to Haddam (Fig. 1), In general, the 
pegmatites have concordant north-south axial trends in the 
northern portion of the district but become increasingly 
discordant to the southeast with east-west axial trends in the 
vicinity of Haddam. The majority of pegmatites exposed in the 
Middletown district are hosted by metapelites (Collins Hill 
Formation of Rodgers, 1986) 1 but many pegmatite bodies also are 
emplaced in gneisses (e.g., the Maromas gneiss) (Cameron et al., 
1954; Stugard, 1958). Although the physical properties of host 
rocks may have influenced pegmatite shape and size, there is no 
indication at present that host rock lithology had a significant 
effect on pegmatite distribution or composition. Methot and 
Brookins (1973) have demonstrated that Rb/Sr systematics of 
several pegmatites in the district are distinctly different from 
those of their enclosing rocks, and thus that the pegmatites 
originated from some other protoliths (that are not exposed) and 
were emplaced into their hosts with very little chemical 
interaction. Most studies of oxygen and hydrogen isotopes in 
similar pegmatite districts also point to limited but intense 
pegmatite-wall rock interaction, the result of low water/rock 
volumetric ratios (e.g., Taylor et al,, 1979; Taylor and 
Friedrichsen. 19113; Walker, 1985). The major and minor element 
compositions of the Middletown pegmatites vary widely throughout 
the district, but these chemical differences stem from 
fractionation processes that operated in pegmatite fields 
elsewhere (e.g., Cerny, 1982). The principal chemical variations 
are in modal plagioclase/microcline and in the proportions of 
minor or accessory minerals that contain high concentrations of 
the incompatible lithophile elements Li, Cs, Rb, Be, Nb, Ta, P, 
and B. Internal textures also are varied, but these too are 
controlled by pegmatitic processes that are typical of pegmatite 
fields elsewhere. In general, graphic quartz-feldspar 
intergrowths and aplites are associated with unzoned or weakly 
zoned pegmatites. With increasing chemical fractionation as 
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Figure 1. Distribution of pegmatite bodies in the Middletown 
area. Hachured lines delimit the boundaries of the 
major gniess formations. Data are from Herz (1955), 
stugard (1956), and Eaton and Rosenfeld (1972). 
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reflected by abundances of rare-element-rich minerals, the 
pegmatites display increasing mineralogical diversity and 
zonation.- By comparison to other pegmatite districts, the 
regional chemical and textural zonation of pegmatites in the 
Middletown district roughly define the directions of pressure­
temperature gradients that may have existed at the time of 
emplacement, or may reflect the folding or doming of isothermal 
surfaces to yield concentric zonation patterns in present 
exposures (Figure 2). In this model, compositionally simple 
pegmatites with graphic and aplitic textures are developed 
nearest to the parental granite or anatectic source; discretely 
zoned pegmatites that contain very-coarse-grained microcline, 
abundant beryl, and quartz-rich cores are further from the magma 
or thermal center; and complexly zoned, cleavelandite-bearing 
pegmatites with high concentrations of lithium and other 
incompatible elements are furthest from source (e.g., see Cerny, 
1982). The P-T gradients that ate proposed in Figure 2 reflect 
the fact that with increasing fractionation, pegmatitic magmas 
contain higher concentrations of more incompatible elements, 
especially fluxing components such as Li, B, and F. As a result, 
the most fr act iona ted pegma ti tes have lower 1 iquidi and solidi, 
and thus these magmas can migrate down gradients to lower P-T 
conditions. 

Although a variety of pegmatitic rocks are exposed in the 
vicinity of Middletown (e.g., Erslev, 1976), the characterstic 
pegmatites of the Middletown district are generally non-foliated, 
slightly to strongly discordant, and hence were emplaced in a 
largely atectonic or extensional structural environment after 
development of the pervasive regional foliation and attainment of 
prograde metamorphic assemblages. Radiometric isotope 
systematics yield ages of 260 + 3 m.y. (U-Pb, Th-Pb), 258 + 1 
m.y. (Rb-Sr), and 249 + 8 m.y. (K-Ar) (see Brookins et al., 1969; 
Brookins, 1970). The -dates derived from U-Pb, U-Th, and Rb-Sr 
systematics may be regarded as absolute ages of crystallization. 
The K-Ar date is interesting because is signifies that the 
pegmatites cooled from magmatic liquidus temperatures of 600°-
7000c to the K-Ar closure temperature of muscovite (approximately 
250°c) in roughly 10 m.y. (the relatively large uncertainty in 
the K-Ar age stems from degrees of retention or loss of 
radiogenic argon by different host phases, and probably from real 
variations in cooling ages that are controlled by pegmatite size 
and the heat contents of pegmatites and their host rocks). 
Between Middle Haddam and East Haddam, pegmatites that are 
typical of those of the Middletown group strike east-west and are 
sharply discordant to the north-south fabric of their metamorphic 
hosts. In the Moodus area, a north-northwest secondary 
schistosity developed as feldspathic blastomylonite at medium to 
high (amphibolite) metamorphic grade cuts the pegmatites, and the 
pegmatite field is truncated against this zone of blastomylonite, 
which defines the trace of a ductile shear zone termed the 
Cremation Hill fault (London, 1984d, 1985c). If the pegmatites 
involved in this deformation were comagmatic with other 
pegmatites that have been dated, then two important implications 
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Figure 2. Geochemical zonation of pegmatites in the Middletown 
district. Pegmatite zonal designations are: I: 
unzoned microcline-plagioclase-quartz pegmatitic 
granite; II: graphic microcline-quartz pegmatite; 
III: zoned microcline-quartz-beryl pegmatite; IV: 
complexly zoned lithium-.t:ich, .rare-element pegmatite. 
Fractionation increases from I to IV. Note that each 
successively more fractionated pegmatite type usually 
contains some or all of the previous, less-fractionated 
types as outer zones (i.e., lithium-rich pegmatites 
usually have borders of pegmatitic granite and inner 
zones of quartz-microcline-beryl pegmatite). 
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are (1) that regional tectonism (other than Jurassic-Triassic 
rifting) continued after 260 m.y., and (2) that at the time of 
pegmatite emplacement, temperatures of hosts at the eastern 
boundary of the pegmatite field were significantly higher than in 
rocks to the west. If this last statement is true, then deformed 
and undeformed pegmatites near and west of the Cremation Hill 
fault can be expected to give K-Ar ages that are sigaificantly 
younger than 249 m.y. Future comparisons of absolute and cooling 
ages within pegmatites may serve to define the thermal regimes at 
the time of pegmatite emplacement, and differential cooling rates 
as a function of variable rates of uplift. 

There are few means by which the P-T conditions of 
crystallization can be ascertained in granites or pegmatites, 
Fluid inclusion analyses and stable isotope systematics usually 
give unreliable results because of pervasive postentrapment 
modification of inclusions and extensive retrograde 
reequilibration of isotopic distributions. Stability relations 
among the lithium aliJminosilicates, however, provide a means by 
which approximate, sometimes precise P-T conditions can be 
unequivocally ascertained (London, 1984a, 1986). In the 
Middletown district, spodumene is the only lithium 
aluminosilicate mineral (found at the Gotta-Walden prospect and 
the Strickland pegmatite). If pegmatite liquidus crystallization 
spanned the approximate range of 600°-100°c, then minimum 
pressures for spodumene-bearing pegmatites would have been in the 
vicinity of 3000-4000 bars, with host rock assemblages above the 
aluminosilicate invariant point and in the sillimanite field 
(Holdaway, 1971). With respect to regional P-T gradients in the 
metamorphic hosts as discussed above, it should be noted that 
rocks on the eastern boundary of the Middletown district record 
assemblages in the second sillimanite zone, decreasing to first 
sillimanite zone in the vicinity of Haddam Neck and Higganum, and 
kyanite zone along the western boundary of the district in 
Portland. 

CHEMISTRY 

All of the Middetown pegmatites, even the most fractionated 
ones, consist principally of quartz, plagioclase, and microcline. 
Exotic Li-minerals such as spodumene, lepidolite, and 
amblygonite-mo~tebrasite, cs-rich beryl and pollucite, and Nb-Ta­
sn oxides are common accessories in some pegmatites but are 
volumetrically insignificant. The most fractionated pegmati tes 
show only minor amounts of fluorine (mostly in micas and 
amblygonite-montebrasite) and phosphorus (as apatite, 
lithiophilite-triphyllite, and amblygonite-montebrasite) but 
significant enrichment in boron (as reflected by an abundance of 
tourmaline). · 

Most studies of pegmatite petrogenesis ultimately focus on 
the properties or components that serve to distinguish the 
unusual textures and mineralogies of pegmatites from ordinary 
granites. The components tt 2o, the halides Cl and F, and 
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incompatible cations such as Li are believed to play major. roles 
in controlling crystallization tr.ends, element partitioning, and 
fluid properties (e.g., Jahns 1982). The components boron, 
cesium, rubidium beryllium, and phosphorus may also be important, 
although their behavior in hydrous granitic melts is not well 
known. 

Most petrologists agree that H2o plays a major. role in the 
generation of pegmatites and their associated ore deposits. By 
analogy to experimental results, Jahns and his colleagues have 
attributed the development of coarse-grained textures, 
idiomorphic crystal· forms, and much of the mineralogical zonation 
in pegmatites to the separation of an aqueous fluid phase from 
H a-saturated granitic magma early in the crystallization of 
p~gmatite (Jahns and Burnham, 1969; Jahns, 1982). An evaluation 
of this hypothesis is beyond the scope and intent of this paper; 
however, there is now evidence that saturation in H2o is not 
requisite for the generation of rapidly grown, coarse-grained, 
idiomor.phic crystals in synthetic systems that are analogous to 
those of natural, highly fractionated pegmatite fluids (London, 
1983, 1984b, 1986). Intuitive reasoning suggests that water 
should be a more effective flux if it is retained in the silicate 
melt than if it is exsolved, and especially if it dissolves in 
the silicate liquid in proportions greater than that of albite­
H2o (London, 1986; cf. Burnham, 1979). Thus, large quantities of 
H O should not be necessary to generate pegmatites, and an 
i~creasing body of data from pegmatite textures (e.g., Norton, 
1983), wall-rock alteration (e.g., Shearer et al., 1984) and 
stable isotope systematics (e.g., walker, 1985) are consistent 
with very low water/rock volumetric ratios in the formation of 
all types of pegmatites. The development of miarolitic pockets 
is not contingent on large amounts of exsolved aqueous fluid or. 
on shallow pegmatite emplacement (London, 1983, 1984b, 1985, 
1986). Indeed, spodurnene, the high-pressure lithium 
clinopyroxene, is present in miar.olitic gem pegmatites in 
Connecticut, as well as other districts in North America (Maine, 
California) and around the world (e.g., Afghanistan). In 
summary, the commonly held notion that much of pegmatite 
formation results from "crystallization from an aqueous fluid" is 
probably one of the most important misunderstandings in igneous 
petrology (Jahns and Burnham, 1969). Indeed, Dick Jahns 
recognized the confusion that arose from this concept and 
attempted to clarify matters in his last major paper on pegmatite 
geology (Jahns, 1982). Pegmatites crystallize from dense 
silicate melts that contain relatively little water in comparison 
to the rock volumes that are produced (and in comparison to other 
types of felsic magmatic-hydrothermal deposits, such as base 
metal porphyries). At best, pegmatites may crystallize from 
silicate melt in the presence of an aqueous fluid, whose effects 
on promoting element partitioning and crystal! ization rates are 
still largely unknown. 

In the Jahns-Burnham pegmatite model (Jahns and Burnham, 
1969), the halogens, principally chlorine and fluorine, have been 
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regarded as crucial to the dissolution and transfer of mineral 
components and to extreme element partitioning that leads to 
pegmatite zonation, Experimental studies of metal solubilities 
and complexation in aqueous chloride vs. pure H O systems 
generally indicate that Cl does enhance mineral sotubilities, 
especially of alkali components and silica (e.g., Anderson and 
Burnham, 1967; Flynn and Burnham, 1978; Carron and Lagache, 1980; 
Webster, 1981; Fournier, 1983), some recent studies of fluid 
inclusion compositions in lithium rich pegmatites, however, 
reveal that primary pegmatitic aqueous fluids have low 
salinities, generally < 4 wt. % equivalent· NaCl (e.g., Foard, 
1976; Taylor et al., 1979; London, 1982a, 1983, 1984b, 1985a, 
1985b, 1986; cf, Cameron et al., 1953). In spodumene, beryl, 
quartz, and tourmaline, from miarolitic pockets of the Kulam 
deposit, Mawi district, Afghanistan, salinities of included 
aqueous fluids are as low as 0.5 equivalent wt % NaCl, and most 
are less than 2 eq. wt, % NaCl (London, 1985b, and unpublished 
data). If Cl contents ai:e low, especially during the primary 
(vs. subsolidus) stages of crystallization, then the solubilities 
of most mineral components would be diminished, and fluid/me! t 
partition coefficients would be decreased. 

Fluorine has been shown to be effective at enhancing 
silicate melt-H 2o miscibility and lowering liquidus and 
especially solidus temperatures of hydrous feldspar and granite 
melts (e,g., Wyllie and Tuttle, 1961; Koster van Groos and 
Wyllie, 1968; Manning, 1981); its relevance to pegrnatite geology 
has been recognized in recent years (Jahns, 1982; Cerny et al., 
1985). Local concentrations of pink micas (usually called 
lepidolite) have often been taken as an indication of relatively 
high fluorine activities in pegmatites; in most cases, however, 
the bulk of these pink micas are rose-colored muscovites (with Mn 
chromophore), and are not as F-rich as true lepidolites (e.g., 
see Rimal, 1962; Munoz, 1971; Rinaldi et al,, 1972). The fact 
that li thian micas of the Connecticut pegrnatites do predominate 
over spodumene is an indication of how low fluorine activities 
must be in spodumene-bearing pegmatites (London, 1982b). The 
compositions of minerals in the amblygonite-montebrasite series 
also can be used to monitor activities of F as HF. Al though 
these are typically referred to as amblygonite (the F-rich member 
of the solid solution), they usually turn out to be montebrasites 
with intermediate to low fluorine contents (e.g., Cerna et al., 
1972; London and Burt, 1982). Using the d 131 vs, F x-ray 
determinative method of Cerna et al. (1973), primary amblygonite­
montebrasite from the Strickland and Gotta-Walden pegmatites in 
Connecticut contain 40 and 45 mole % arnblygonite, respectively, 
and thus the phases should be called montebrasite. Primary 
montebrasite from Strickland is altered along fractures to a low­
fluorine montebrasite (20 mole % amblygonite), as at other 
localities that have been well studied (e.g., Cerna et al., 1973; 
Loh and wise, 1976; London and Burt, 1982). From the equilibrium 
constant for F=OH exchange (Loh and Wise, 1976) and an assumption 
of ideal mixing of F=OH (albeit a poor one, because of proton-
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proton avoidance), the fluorine activity (as HF) of a fluid phase 
in equilibrium with a phase of 50 mole % amblygonite at 600°c and 
2000 bars is three orders of magnitude below the activity of HF 
at the minimum field boundary (600°c, 2000 bars) of lepidolite 
(Munoz, 1971). The magmas from which the Middletown pegmatites 
crystal! ized, therefore, contained relatively low fluorine 
concentrations. 

The Middletown pegmati tes are not notably phosphate-rich, 
although manganapatite is abundant in cleavelandite units of 
zoned pegmatites, Montebrasite and lithiophilite have been found 
in small quantities at Gotta-Walden and Strickland. In 
experimental melts, phosphorus behaves in part as a network 
former, in that it robs the melt of cations and silica tetrahedra 
of non-bridging oxygens, and as a network modifier, in that its 
monomers and polymers cut silicate melt structures (e.g., Ryerson 
and Hess, 1980; Mysen et al., 1981), At the Gotta-Apple Orchard, 
Gotta-Walden, Strickland, and Swanson mines, apatite-garnet and 
apatite-tourmaline intergrowths occur in cleavelandite units. 
The concentration of phosphorus and boron (discussed below) with 
comparatively alkali-rich rocks (albitites) may be a direct 
result of complexing between P, B, and alkalis and alkaline 
earths, and may possibly reflect liquid immiscibility between 
alkali-phosphosilicate or alkali-borosilicate fluids and silica­
rich fluid. 

Boron incorporated as tourmaline is abundant in the 
pegmatites and country rock contacts in the Middletown district, 
and this is typical of virtually all pegmatite districts around 
the world (e.g., Page et al., 1953; Cameron et al., 1954; Beus, 
1968; ovchinnikov, 1976). Other than quartz and feldspars, 
tourmaline is one of few minerals that is present at 
compositionally simple to complex pegmatites (i.e., it is 
ubiquitous). Tourmaline is assuming major significance in 
pegmatite petrogenesis as the role of boron becomes increasingly 
well understood, and as a growing number of studies demonstrate 
that the concentrations of the halogens Cl and F may be 
negligible in typical pegmatite systems (e.g., Chorlton and 
Martin, 1978; Pichavant~ 1981, 1983; London, 1983, 1984a, 1984b, 
1985a, 1985b, 1986). In the Middletown pegmatites, tourmaline is 
locally abundant in altered wall rocks at pegmatite contacts, it 
is a common constituent of pegmatite border and wall zones, but 
it is particularly abundant in albitites: both fine-grain 
aplites and coarse-grained cleavelandite units. In hydrous 
granitic 1 iquids, boron probably behaves much like phosphorus, 
but with a distinct tendency to act as a melt network modifier. 
Experiments with alkali borosilicate systems demonstrate that 
melts are significantly defolymerized with exceedingly low 
viscosities (approximately 10 poise); crystallization rates are 
rapid, leading to very-coarse-grained, idiomorphic phenocrysts; 
silicate liquid-H o solubilities are. enhanced to the point that 
complete miscibilfty may be attained at geologically feasible P 
and T; and the solubilities of incompatible lithophile cations 
are greatly increased, probably because of the synergistic 
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effects of boron and H o on melt depolymerization (most of these 
observations are from Condon, 1984b, 1986, and also Chorlton and 
Martin, 1978; Bonniaud et al., 1978; and Pichavant, 1981, 1983). 
It is important to note that experiments of London (1984b, 1986) 
produced euhedral albite, quartz, and petalite phenocrysts up to 
0,5 mm in 48-72 hour runs at vapor-undersaturated conditions 
(i.e., of complete silicate-H O miscibility). Thi"s can be 
interpreted to signify that coa?se-grained, euhedral textures are 
not unequivocal evidence of the presence of an exsolved aqueous 
fluid phase. Although complete silicate fluid-H 2o miscibility 
may exist in borosilicate fluids at moderate pressures, alkali 
borate-silica immiscibility is well documented in anhydrous 
experiments (e,g., Pichavant, 1983; Hervig and Navrotsky, 1985); 
tl:)is is because of the strong tendency for boron, like 
phosphorus, to form polymers t_pat may coalesce to a separate 
fluid, and to form strong B-0-M bonds. This leads not only to 
liquid imrniscibility but also expands the quartz saturation field 
by increasing the silica content and silica tetrahedral 
polymerization in the fluid that coexists with the alkali borate­
rich fluid. In pegmatites, the evidence of such liquid 
immiscibility may be quartz-rich cores with razor-sharp and 
smooth contacts with tourmaline- and phosphate-rich albitites. 

ECONOMIC GEOLOGY 

Much of the pegmatite mining in the Middletown district 
early in this century was for mica, feldspar, beryl, and 
e.;;pecially gemstones (e,g., at the Strickland, Gillette, and 
Swanson mines); many of the pegmatites produced beryl and mica 
during the 1940's (Cameron et al., 1954); at present, the only 
cornrn<;ircial mining of pegmatites in the district is for ceramic­
grade microcline, and this is the only economic commodity of the 
Middletown pegma ti tes in the forseeable future. Bulk mining of 
rn~ca from weathered schists and granites and beryl! ium minerals 
fi:om zeol i ti zed tuf faceous rhyoli tes has largely replaced 
pegmatitic sources for these commodities. Pegmatites continue to 
be important sources of Nb-Ta-Sn oxides, but these phases occur 
only in trace amounts in the Middletown pegmati tes. If such 
rare-element enriched pegmatites ever existed in the Middletown 
district, they would have been structurally highest and farthest 
from source; thus, they have been eroded, or buried by sediment 
in the graben of the Connecticut Valley to the west. some of the 
Middletown pegmatites (e.g., Gotta-Walden, Strickland, Gillette; 
and Swanson) still have potential to produce gemstones and 
mineral specimens for collectors, but these operations are labor­
intensive and generally cannot sustain gem mining as a sole 
economic activity. 

DESCRIPTIONS OF STOPS 

The Hale, Gotta-Apple orchard, and White Rocks pegmati tes 
are actively quarried, so it is not possible to describe 
precisely what the exposures will look like at the time of the 
trip. The Gotta-Walden and Swanson mines are inactive; the 
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Strickland pegmatite is shown on Figure 1 because it is one of 
the larger and better-known exotic pegmatites of the district, 
but we will not visit it on this trip, 

All of the localities are on private land, and permission to 
enter the properties must be obtained from the owners or 
operators. In addition, all participants will be required to 
sign waivers that release property owners from all liability for 
personal injury and loss or damage to personal property. In 
addition, MSHA regulations require that all participants wear 
hardhats, safety glasses or goggles, and reinforced boots into 
active quarries. Participants must provide their own safety 
equipment. 

ROAD LOG 

From New Haven, proceed north on I-91 to the interchange for 
Rt. 9 southbound (approximately 25 miles from downtown New 
Haven), and take Rt. 9 south for 3.5 miles to exit 3 at West 
street in Cromwell. Take exit 3 south, and we will. convene the 
trip at the north end of the nearby K-Mart parking lot. Allow 
about 45 minutes for the drive from New Haven, and be prepared to 
leave the K-Mart lot by 9: IHJ AM. If you have not brought a 
lunch, we will have several opportunities to stop for food. 

0.0 The trip log begins at the K-Mart parking lot. Return 
to Rt. 9 south to Middletown. 

2.9 First traffic signal on Rt. 9, turn right under the 
railroad overpass and proceed uphill to the rotary in 
front of st. John's church. 

3.1 Turn left at the rotary onto Main Street in Middletown. 
Proceed through Middletown on Main street, past the 
Middletown Green and straight on the Main Street 
Extension. 

4 .1 Turn left off of Main street Extension onto Cooley 
Avenue; follow the signs to the Middletown Post Office. 

4.2 Turn right off of Cooley Avenue onto East Main street, 
still following signs for the Middletown Post Office. 

4.3 At the traffic signal, turn left onto Silver Street. 

4.7 Cross over Rt. 9 on Silver Street, continue straight on 
Silver Street uphill and past the .Connecticut Valley 
Hospital. 

5.4 Bear right off of Silver Street onto River Road. 

5.6 Pass WCN·x radio station. 
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6.6 Turn right off of River Road uphill into the White 
Rocks 4uarries of the Feldspar corporation. 

The. White Rocks quarries (Figure 1) are located near 
the apparent center of the pegmatite district. As a 
whole, they are primitive pegmatites in that they 
possess simple compositions and generally poorly 
developed zonation, Contacts with wall rocks are 
generally sharp without conspicuous rnetasomatic 
alteration. Negligible tourmalinization and coarsening 
of quartz-feldspar-biotite schists are developed 
locally. · There are many pegmatite bodies in the· 
vicinity of White Rocks. As in other districts, these 
pegmatites probably formed a stockwork through their 
host rocks. At early stages of crystallization, the 
fluid communication through the system was good, and 
compositional gradients established by liquid-state 
diffusion or zone refining were transmitted through the 
entire system. As the degree of crystallization 
increased, the pegmati tes may became sealed off from 
each other and evolved along separate crystallization 
trends. The pegrnatites at White Rocks were almost 
certainly interconnected, as evidenced by uniform 
zonation and fractionation trends through many 
individual bodies. The present quarry exposures are in 
homogeneous and poorly zoned pegmati te. Toward the 
west in exposures that are not inaccessible because of 
mining and backfill, the hornogenous and graphic 
pegrnatites evolved to well zoned bodies with almost 
monominerallic microcline "blocks" sharply bounded 
against essentially pure quartz pods or "cores"; beryl 
was abundant but only occurred at the microcline-quartz 
contacts. One small pegmatite in the westernmost cuts 
contained a small pod of cleavelandite albitite with 
:Ci thian mica, polychrome tourmaline, ces ian beryl, and 
accessory microlite. These observations, collected 
over the past ten years through numerous visits 
(London, unpublished data), reflect a sharp zonation 
pattern with increasing fractionation from the center 
of the White Rocks hill to the west (Figure 2). 

In the active quarries, the pegmatites consist 
predominantly of two zonal assemblages: (1) 
homogeneous, medium-grained (2-5 cm), microcline­
plagioclase phenocrysts with interstitial quartz and 
accessory garnet, biotite, muscovite, and tourmaline, 
and (2) graphic quartz-microcline intergrowths. In the 
first assemblage, scaly muscovite is pseudomorphous 
after coarse biotite sheets. The contacts between 
these two zones appear to be gradational through an 
intermediate texture in which microcline becomes 
coarsely porphyritic and graphic. Single microcline 
crystals with graphic quartz intergrowths attain 
dimensions of approximately 1 meter. Not all coarse-
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grained microcline is graphic; some large, quartz-free 
crystals mark the incipient development of what are 
termed block microcline zones, which denote the abrupt 
transition to pegmatitic zoning as reflected by almost 
quantitative separation of quartz and feldspars. 
Columbite is a common accessory of the incipient block 
microcline zones at White Rocks. 

some exposures display intersecting tabular pegmatite 
dikes that cut the graphic pegmatite. On close 
inspection, however, the cross-cutting pegmatite dikes 
are not separate intrusives that are discordant to and 
significantly later than the graphic pegmati te. The 
graphic pegmatite grades continuously into the 
pegmatite dikes; in fact, the pegmatite dikes are 
developed within single graphic microcl ine crystals, 
such that microcline and quartz within the dikes and in 
the graphic pegmatite on either side are 
crystallographically continuous, The pegmatite body as 
a whole apparently was able to sustain shear during 
crystallization; one possible interpretation is that 
rapid deformation of partially crystallized pegmatite 
produced shears in the viscous aluminosilicate liquid, 
with resultant diffusion of H2o down pressure gradients 
toward the shear zones leaaing to enhanced crystal 
growth rates and thus coarser grain size in the 
residual liquid of the pegmatite "dikes". 

The origin of graphic microcline-quartz textures was 
much debated in the early part of this century but now 
is generally acknowledged to represent simultaneous 
crystallization of quartz and feldspar. The 
explanation advanced by Fenn (1979} is that feldspar 
growth rate exceeds component diffusion rates through 
the crystal boundary liquid. Crystallization of 
feldspar on topographic "highs" (e.g., by step growth 
along edge dislocations) produces liquid that is 
depleted in feldspar components but enriched in silica 
in the "valleys" between highs; this leads to 
saturation in quartz in the valleys. In addition, for 
graphic textures to be produced instead of granitic 
textures, crystal nucleation rate and nucleation 
density must remain low. 

6.6 Leave the White Rocks quarries, return to River Road, 
turn left, proceed back to Silver Street, turn left 
onto Silver street, retrace the route back to the Post 
Office. 

8.9 At the 
Street 
Street. 

traffic signal at the intersection of 
and East Main, continue straight on 
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11.3 

13.l 

14.1 

15.1 

16.2 

16.4 

Turn right onto Main Street Extension. 
straight on Main street Extension to 
Middletown. 

Continue 
downtown 

Turn right off of Main street onto Monitor, proceed lil.l 
miles to a parking lot behind Burger King, which is 
where we will buy lunch. Rather than eat at the Burger 
King, we will take our food to the Hale quarry. 

At Monitor and Main, turn right onto Main Street and 
continue through Middletown. 

Bear left at the rotary in front of St. John's church, 
follow the signs for Portland and Rts. 66E and 17N. 

Cross the Connecticut River into Portland. 

The first traffic signal• upon entering Portland is at 
the junctions of Rt. 17A and Rt. 17N/66E. Proceed 
straight through the traffic signal on Rt. 17A through 
Portland. 

Pass the Portland Fire Department. 

stop sign at the intersection of Rts. 17A and 17. Turn 
left (north) onto Rt. 17 towards Glastonbury. 

Pass Gottas Farm Store. 

Turn right onto Isinglass Hill Road. 

Turn right into the Hale quarry off of Isinglass Hill 
Road. 

The Hale, Gotta-Apple Orchard, and Gotta-Walden bodies 
appear to be portions of one large pegmatite system 
that strikes north-south with a moderate westerly dip. 
The principal features to see at the Hale and its 
extension to the Gotta-Apple Orchard quarry are: (1) 
banded albite-quartz-(garnet)-(tourmaline)-(muscovite)­
(apatite) aplites, (2) graphic quartz textures in 
individual very-coarse-grained microcline crystals, (3) 
block microcline-beryl-quartz pods, and (4) the spatial 
distributions of aplite-pegmatite zonation and the 
location of abundant tourmaline. The Gotta-Walden 
prospect exposes (1) a cleavelandite unit with abundant 
garnet and accessory tourmaline and apatite, and (2) a 
very-coarse-grained, non-graphic zone of block 
microcline with abundant muscovite at the apex or 
"hood" of the pegmati te. P.l though the textures are 
quite different, the strike and dip of the dike and the 
distributions of internal zones (by composition) are 
identical to those at Hale and Gotta-Apple Orchard. 
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If conditions are dry, we can drive from the Hale 
quarry past the powder magazines east of the cut to the 
Gotta-Apple Orchard extension. Alternatively, we will 
double back on Isinglass Hill road to Rt. 17S to the 
entrance to the Apple Orchard quarry, as follows: 

To get to the Gotta-Apple Orchard quarry, leave the 
Hale quarry, return to Isinglass Hill Road, left on 
Isinglass Hill Qoad to Rt. 17, left (south) on Rt. 17. 

Turn left off of Rt, 17S onto the asphalt road that 
leads uphill through the apple orchard to the quarries. 
The entrance to the apple orchard is marked by a silver 
metal gate. The quarries are about 1 mile up the road. 

The Hale and Gotta-Apple Orchard quarries are discussed 
together, because they represent portions of the same 
pegmatite dike. In both quarries, aplites consist 
principally of albite and quartz with minor garnet and 
tourmaline and accessory muscovite and apatite. Fine 
banding defined by alternating concentrations of 
quartz, albite, and garnet form smooth layers and 
crenulated masses, In general, the layers are flat and 
parallel, except in the vicinity of large crystals of 
microcline or massive quartz; at these intersections, 
the banding in the aplites commonly deflects around the 
large crystal, Thus, the crenulations appear to result 
in part from unidirectional growth and deflection 
around small perturbations on the inwardly directed 
solidification surface. The growth of large microcline 
crystals may also have depleted the boundary fluid in 
feldspar components and thus led to slowed aplite 
formation in their vicinity. In most igneous rocks, 
unidirectional solidification produces comb layering, 
in which non-equidimensional crystals have their fast 
growth directions oriented perpendicular to the 
solidification front. The crystals of microcline 
within the aplites are oriented perpendicular to the 
aplite bands and flare inward toward the center of the 
pegmatite; beryl and tourmaline in most pegmatites near 
Middletown have a similar comb-textured orientation 
with their long axes perpendicular to pegmatite borders 
and flaring into the pegmatite. The tourmaline in 
apl i tes at Hale and Gotta-Apple Orchard, however, is 
generally foliated parallel to layering, or 
perpendicular to the presumed growth front. This 
observation suggests that at least some of the layering 
in the aplites could have resulted from flow 
segregation of phenocrysts. At the Gotta-Apple Orchard 
quarry, there is no simple relation between the 
orientation of aplite bands and the pegmatite contacts 
(i.e., the aplite banding is not parallel to pegmatite 
contacts). Aplite layers cut pegmatite, but more 
commonly pegmatite dikes appear to cut aplite. 
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Lineated and foliated quartz-muscovite intergrowths 
that are "axial planar" to the aplite crenulations 
project into coarse-grained quartz-microcline 
pegmatite. The microcline crystals, especially in the 
Hale quarry, usually but not always contain graphic 
quartz, Single microcline crystals contain graphic and 
non-graphic portions, suggestive of continuously or 
episodically changing conditions (perhaps changes in 
activity of H20) during crystallization. As at White 
Rocks, beryl at the Hale quarry is found only where 
coarse microcline crystals project into small pods of 
massive quartz. 

Coarse tourmaline is abundant only on the western 
margin of the pegmatite in coarse-grained microcline­
quartz pegmatite (in both quarries). This tourmaline 
displays the inwardly expanding or flaring habit that 
is typical of border zone tourmalines at pegmatites 
throughout the world. The only conspicous wall-rock 
alteration at either the Hale or Gotta-Apple Orchard 
quarries is along these tourmaline-rich borders, where 
foliated hornblende gneisses are altered 
pseudomorphously to tourmaline + quartz, with detailed 
preservation of layering and foliation. Coarse 
tourmalines of the wall and border zones and within the 
microcline-quartz pegmatite possess different 
pleochroic zones that correspond to different 
tourmaline compositions. The nature of the 
compositional variations are not known at this time. 
It is interesting to note, however, that tourmalines in 
the aplites are generally unzoned, and their pleochroic 
schemes correspond to those of the outer overgrowths of 
tourmaline in the coarse pegmatite. This zonation 
could signify that tourmalines in the pegmatitic zones 
started to crystallize before those of the aplite, and 
hence that aplite crystallization followed that of 
pegmatite. 

The border-to-border sequence of aplite -> graphic 
microcline -> microcline + quartz pegmatite -> 
tourmalinized wall rock is a classical zonation in 
shallowly dipping pegmatites. The sequence of layered 
albitic aplites on the lower or footwall, grading 
upward into coarse-grained microcline pegmatite, and 
wall-rock alteration along the upper or hanging wall 
only, defines the zoning sequence in layered aplite­
pegmatite intrusives of San Diego county, California; 
these pegmati tes . served as the basis for an important 
model for pegmati te crystallization that was proposed 
by Dick Jahns (Jahns and Tuttle, 1963). Jahns' 
explanation for such non-concentric layered sequences 
involved the upward migration under gravitational 
gradients of exsolving aqueous fluid; partitioning of 
components between H2o-saturated melt and aqueous fluid 
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provided the means of producing compositional gradients 
in fluids that resulted in heterogenous, zoned rocks. 
This model is receiving considerable scrutiny in 
current pegmati te research. At the Hale and Gotta­
Apple orchard pegmatites, however, the albitic aplites 
are on the hanging wall, and the coarse microcline 
pegmatite plus tourmalinized wall rock are on the foot 
wall; ·thus, the pegmatite zonation is upside down and 
could not have been produced by graviationally induced 
melt-vapor separation, unless the pegmatites have been 
overturned more than 90° by rotational deformation 
since their crystallization. There is no evidence of 
internal deformation in the pegmatites, nor any 
specific model for such regional deformation in the 
metamorphic rocks. 

Return to Rt. 17, turn left (south). 

Turn left at the fork off of Rt. 17 onto Cotton Hi 11 
Road. 

continue straight on Cotton Hill Road to the parking 
lot for Walden's Rock Shop; park next to the shop. 

The Gotta-Walden prospect is reknown for gem beryl and 
rarer phases such as spodumene and polluci te. The 
pegmatite, however, is compositionally and zonally very 
similar to the Hale and Gotta-Apple Orchard: 
cleavelandite albitites with garnet, tourmaline, and 
apatite on the western hanging wall grade eastward into 
coarse· microcline pegmatite on the foot wall. The 
exotic Li minerals and beryl, however, are concentrated 
in the albitite, Of special interest here are nodular 
garnets in the albitite that are rimmed by 
manganapatite and tourmaline. Garnet-tourmaline­
plagioclase and garnet-manganapatite-plagioclase 
equilibria are capable of buffering activities of boron 
and phosphorus, respectively. The relative modal 
proportions of these phases at Hale, Gotta-Apple 
Orchard, and Gotta-Walden imply that the albititic 
liquid components of these pegmatites were not rich in 
B and P, either because these components were not 
enriched in the bulk pegmati:te fluid, or because they 
diffused or were partitioned into some other liquid 
component of the pegmatite system, or were lost to the 
wall rocks (e.g., London, l984c). 

Exposures at the Hale, Gotta-Apple Orchard, and Gotta­
Walden pegmatites display several important 
characteristics of pegmatitic mineralogical zonation: 
contacts between feldspar-rich zones are abrupt but 
gradational, whereas feldspar-quartz zonal contacts are 
razor sharp. Pegmatite masses can be divided into two 
fundamental components: one that is feldspar-rich, and 
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the other quartz-rich; the feldspar component is either 
sodic or potassic; the two feldspars rarely occur 
together in nearly equal proportions. Aplite-pegmatite 
contacts at these Connecticut pegmatites are typical of 
feldspar (albite)-feldspar (microcline) zonal contacts 
in that they are abrupt but not as sharp as feldspar­
quartz contacts. Boron- and phosphorus-rich minerals 
are concentrated in feldspathic zones, especially in 
the albitites (aplites and .cleavelandite units), and 
beryl is concentrated at feldspar (albite or 
microcline)-quartz zonal contacts. As noted above, the 
chemical segregation of components in pegmatite systems 
has been previously ascribed to the effects of element 
partitioning during exsolution and gravitational ascent 
of a comparatively saline aqueous fluid from silicate 
melt (Jahns and Burnham, 1969). The Cl and F contents 
of pegmatitic fluids, however, are usually quite low, 
so that aqueous fluids should not be capable of 
dissolving and transporting large quantities of 
material. There are a number of other arguments 
against the Involvement of large quantities of saline 
aqueous fluid in the chemical segregation of pegmatitic 
magmas (e.g., London, 1985a, 1985b, 1986). One 
explanation that does not require silicate-H o 
immiscibility is that of liquid-state segregatio~, 
termed thermogravitational diffusion, of components 
under thermal and gravitational gradients. Thermal 
gradients in pegmati tes probably are small but may be 
of the order of s0°-100°c; over several million years, 
such gradients would certainly cause major 
redistribution of components (e.g., see Orville, 1963). 
Gravitational gradients may be especially effective in 
pegmatitic magmas if they are highly depolymerized. 
Thermally and gravitationally induced chemical 
segregation is a precursor to 1 iquid immiscibi 1 i ty, a·nd 
silicate-silicate liquid immiscibility is a real 
possibility for pegmatitic systems. Such immiscibility 
would be promoted by the relatively high concentrations 
of boron and phosphorus in pegmatites, which form such 
stable complexes with alkalis that these components are 
significantly removed from the residual silicate 
liquid. In simple synthetic systems, immiscibility is 
prevalent, and the immiscible fluids are alkali borate 
or phosphate liquid that coexists with essentially pure 
silica. Evidence of such immiscibility in pegmatites 
might be manifest as the tourmaline- and phosphate-rich 
albitites that have sharp, smooth, sometimes convoluted 
contacts with essentially pure massive quartz. 
Si 1 icate 1 iquid-H2o immiscibi 1 i ty probably does occur 
at early stages i!l most pegmatites, but if the exsolved 
aqueous fluid is relatively pure H o, then it may have 
a comparatively minor effect on bufk redistribution of 
elements (n.b. that an assumption of Burnham's (1979) 
albite-H20 model is that the activity of albite 
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component in aqueous fluid that coexists with H2o­
saturated albite melt is essentially zero). In hydrous 
silicate liquids that are fluxed by boron, phosphorus, 
and fluorine, H2o will tend to redissolve or homogenize 
back into the lllelt as the contents of hyperfusible 
components are increased by fractional crystallization 
of quartz and feldspars, and as the compositional 
differences between melt-aqueous fluid solvus pairs are 
minimized. Significant amounts of H2o may be released 
only during the late-stage crystallization of these 
fluids, so that most exsolved aqueous fluid probably 
exists late in the history of pegmatite consolidation 
during subsolidus rather than primary magmatic 
conditions. 

Leave Walden's Rock Shop, proceed south on Cotton Hill 
Road back to Rt. 17, turn left (south) onto Rt. 17. 

stop sign at the intersections of Rts. 17 and l 7A. 
Continue straight through the intersection on Rt. 17S. 

Stop sign at the 
onto Rt. 66E. 
intersection for 

junction of Rts. 17 and 66. Turn left 
There is a Dairy Queen at this 

those who need refreshment. 

Pass by roadcuts of massive, 
granite. 

unzoned pegmati tic 

Traffic signal at the intersection of Rts. 66 and 151 
in Cobalt. Turn right onto Rt. 151. Proceed through 
Middle Haddam. 

Bear left at 
State Park. 
Moodus Road. 

the traffic signal at the entrance to Hurd 
Continue on Rt. 151, which is now called 

Turn right off of Rt. 151 onto Haddam Neck Road. The 
turn is marked by a sign for the Connecticut Yankee 
Information Center. 

continue on Haddam Neck Road past a series of red 
barns. 

cross under powerlines. 

Turn left at the Haddam Neck Fire Department and park 
in the southwest corner of the lot. 

Cross the road and hike approximately 0.3 miles along a 
path that leads to the Swanson mine under the 
powerlines on the north side of an electrified 
livestock fence. As you near the Swanson mine, the 
path forks in front of a large hill of outcrop; bear 
right to the Swanson mine dumps. 
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The Swanson mine was prospected and successfully 
operated for gem beryl during the 1940.'s (Cameron et 
al., 1954). Although very little of the pegmatite is 
now exposed, the dumps still provide samples of the 
e.xotic mineralogy of this highly fractionated 
pegmatite. The prospect is developed in a small 
portion of a much larger and compositionally ordinary 
microcline-rich pegmatite; however, microcline is 
scarce at the Swanson. The two zonal constituents of 
of the Swanson pegmatite are massive quartz (core), and 
cleavelandi te albi ti te that contains abundant beryl, 
polychrome tourmaline, manganapatite, lepidolite, 
garnet, cassiterite, microlite, and triplite (a Mn­
fluorophosphate); the presence of triplite at t)le 
Swanson may signify that the chemical activity of 
fluorine species was ·higher here than at other 
pegmatites of tbe district; however, the fluorine 
species would have been largely halide salts (leading 
to the production of micas) , rather than HF (there is 
no topaz) (London, 1982b). The relative abundance of 
Nb-Ta-Sn oxide minerals here probably is a direct 
consequence of the depolymerizing effect of the boron 
and phosphorus that were obviously important 
constituents of the albitic liquid. With increasing 
depolymerization, the melt structure is sufficiently 
"open" and disordered that comparatively high 
quantities of incompatible elements may be retained in 
solution. When the fluxes are removed from such 
fluids, as by the crystallization of tourmaline and 
phosphates, the albititic and exotic ore components of 
the fluid are also dumped from solution. 

End of trip. Return to Rt. 66 via Haddam Neck Road and 
Rt. 151. 

Mineralogical and textural variations such as those of the 
MidcUetown pegmati tes are what have made pegmati te geology so 
alluring to so many petrologists. Complex as they are, these 
exposures present only a few of the many pegmatitic features that 
hold a wealth of untapped data on basic inorganic periodic 
chemistry, partition coefficients, fluid properties, 
crystallization processes, and cooling histories. The P-T 
conditions of many pegmatites can now be evaluated by 
combinations of lithium aluminosilicate stability relations 
(London, 1984a), fluid inclusions (e.g., London, 1986), and 
stable isotope geothermometry (e.g., Taylor and Friedrichsen, 
1983). In the future, further insight into pegmatite 
petrogenesis will require an improved understanding of the 
properties of the pegmatitic fluid phases from emplacement 
through subsolidus conditions, and of the causes of chemical and 
hence mineralogical zonation. 
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LATE QUATERNARY DEPOSITS OF THE SOUTHERN QUINNIPIAC-FARMINGTON 
LOWLAND AND LONG ISLAND SOUND BASIN: THEIR PLACE IN A 

REGIONAL STRA11GRAPHIC FRAMEWORK. 

by 

Janet Radway Stone 
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Reston, Virginia 22092 

Byron D. Stone 
U.S. Geological Survey, MS 928 

Reston, Virginia 22092 

Ralph S. Lewis 
Connecticut Geological and Natural History Survey 

Hartford, Connecticut 06106 

INTRODUC110N 

The glacial and postglacial deposits and related erosional features of the southern 
part of the Quinnipiac-Farmington lowland, CT (fig. 1, fig. 2, fig. 3), have been studied in 
detail from the late 1800's to the 19601s. They are here placed into a modern regional 
stratigraphic framework. This synthesis results from: compilation of the glacial geology 
of Connecticut for two State maps (Stone, J. R., Schafer, J. P., London, E. H., and 
Thompson, w. B., in press; Schafer, J.P., Stone, J. R., London, E. H., and Thompson, w. 
B., unpublished map); recent cooperative work between the Connecticut Geological and 
Natural History Survey and the U.S. Geological Survey at Woods Hole in mapping the 
distribution of glacial and Holocene deposits in Long Island and Block Island Sounds 
(Lewis and Needell, in press; Needell and Lewis, 1984; 1985); and a regional radiocarbon 
chronology for New England and Long Island (Stone and Borns, in press). 

The Quinnipiac--Farmington lowland contains ideal examples of deltaic and related 
lacustrine deposits (fig. 2) of successive glacial lakes that formed during northward 
retreat of the last ice sheet. Distal glaciofluvial deposits of the Quinnipiac valley 
terrace (fig. 2, unit qt) are unique in southern New England because they extend through 
47 km (29 mi) of the lowland and are distinct in color and mineralogy from the ice­
marginal deltaic deposits that they overlie and entrench. Till in the lowland is the 
typical red-brown variety derived from the Mesozoic rocks that underlie the Central 
Lowland of Connecticut. On the western border of the Lowland, red-brown lowland till 
overlies gray, crystalline-derived upland-type till, and southwesterly striations cross 
southeasterly ones (fig. 3). Divergent directions of ice movement during glacial advance 
and retreat are indicated. 

The thick and extensive body of lake clay beneath Long Island Sound (fig. 4) was 
laid down in a major glacial lake which occupied that basin. The New Haven and East 
Haven deltas (fig. 2, units Cn, Ce) were also deposited in this lake, which is here called 
glacial Lake Connecticut. The postglacially tilted waterplane of the lake slopes 
southward from an altitude of about 30 ft (48.3 m) at the New Haven delta to about 
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Figure 1.-Physiography of the Central Lowland of Connecticut. The Qulnnipiac~ 
Farmington lowland lies west and south of the basalt and diabase ridges, shown in 
heavy black; The Connecticut lowland lies east and north of the ridges. Location of 
towns are shown: c, Cheshire; NH, North Haven; FH, Fair Haven, 
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present sea level along an isobase that extends from Fairfield to Clinton. The 
waterplane projects to the north shore of Long Island, south-southeast of New Haven, at 
an altitude of about 72 ft (22 m) below sea level (-22 m MSL). 

The absolute . ages of glacial and postglacial deposits in the Long· Island Sound­
lower Quinnipia!!-Farmington lowland area are estimated from a regional array of 
correlated ice-marginal deposits and radiocarbon dates (Stone and Borns, in press), and 
dated materials in marine sediments that are related to the late Pleistocene-Holocene 
marine transgression in the region. These dates indicate that the glacial-lake sediments 
in Long Island Sound basin probably are older than 18,000 radiocarbon years B.P. 
Sediments of glacial Lakes Quinnipiac and Southington and fluvial sediments of the 
Quinnipiac valley terrace probably are older than 17 ,000 radiocarbon years B.P. Marine 
transgression into eastern Long Island Sound probably occurred between 12,000 and 
13,000 years B.P.; transgression into central Long Island Sound took place later, but 
before 10,200 radiocarbon years B.P. At 6810 years B.P. alluvial deposition in the 
modern floodplain of the lower Quinnipiac valley was still taking place at an altitude of 
at least as low as -6 m MSL. 

SE'I'TING 

Quinnipiac-Farmington Lowland 

Connecticut consists of three physiographic provinces: the Eastern and Western 
Highlands, and the Central Lowland, which extends north to south through the State (fig. 
1, fig. 3 ). The bedrock of the Western Highland in the area of this trip consists of 
Paleozoic crystalline rocks including gneisses, schists, and metavolcanics (Rodgers, 
1985). The bedrock of the Central Lowland consists principally of red or reddish brown 
Mesozoic arkosic sandstones and siltstones, which generally dip eastward to 
southeastward. The sedimentary rock units are interrupted by basalt and diabase which 
form narrow linear ridges within the Lowland. These traprock ridges trend generally 
north-south, except at Meriden where the Hanging Hills turn sharply eastward (fig. 1). 
The ridges are nearly as high as the Highlands to the east and west and they divide the 
Central Lowland into two parts. The wide Connecticut lowland in the east and north is 
drained by the Connecticut River, which flows out of the basin at Middletown. The 
Quinnipiae-Farmington lowland forms the relatively narrow western and southern parts 
of the Central Lowland. 

Today the drainage of the Quinnipiac-Farmington lowland is separated at 
Plainville by a low divide on glacial deposits. North of the divide the Farmington River, 
which enters the lowland from the northwest, is joined by the Pequabuck River, which 
enters from the west. The Farmington flows northward about 30 km (18.6 mi) and enters 
the Connecticut lowland through a gap in Talcott Mountain at Tariffville (fig. 1). South 
of Plainville the Quinnipiac River flows southward to Cheshire. There it turns east­
southeastward and passes through a gorge cut in the soft, and there highly faulted, New 
Haven Arkose to South Meriden. From thence it flows southward and, along with the 
lesser Mill and West Rivers to the west and the Farm River to the east, drains the 
southern portion of the lowland. 

l!xcept for their respective courses through the Tariffville Gap and Quinnipiac 
Gorge, the Farmington and Quinnipiac Rivers flow entirely on thick glacial deposits. The 
bedrock floor of the lowland north of the Quinnipiac Gorge does not have a systematic 
slope either north or south. It lies generally at about sea level, but contains several deep 
glacially scoured closed depressions. These depressions are 100-200 ft (30.5-61 m) deep 
and one at Plainville is -300 ft (-91.5 m) in altitude at its bottom (Haeni, 1975; 
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Figure 2.-Quaternary geologic map of the southern part of the Quinnipiac-Farmington 
lowland, CT. Modified from Schafer, J. P., Stone, J. R., London, E. H., and 
Thompson, W. B. (unpub. map). 

EXPLANATION 

Postglacial deposits (late Wisonsinan, Holocene) 

af Artificial fill 
a Alluvium 
sw Swamp deposits 
sm Salt marsh deposits 

Stream terrace deposits 

Glacial meltwater deposits (late Wisconsinan) 

Deposits graded to and deposited in major glacial lakes in lowlands 

@!!] New Haven delta of Lake Connecticut 

~ East Haven delta of Lake Connecticut 

[§] Lake Quinnipiac 

~ Lake Southington 

~ lake-bottom deposits 

Deposits of ice-marginal ponds in north-draining valleys tributary to 
the Mill and Quinnipiac Rivers 

]U/:\J undivided deposits 

Deposits of lacustrine and fiuvial-lacustrine systems in the upper Mill, 
Muddy and Farm River valleys 

IT] undivided deposits 

Deposits of glaciofluvial systems 

~ Mill River terrace 
:•q •: Quinnipiac valley terrace 

?,.. .:~. 

Glacial deposits (late Wisconsinan) 

Till, includes areas of bedrock outcrops 

Map symbols 

/ Striation, groove, or crag and tail 

/ Drumlin axis 

/'"' Glacial lake or pond spillway, altitude in feet 

~ lee-margin position, ticks point toward ice 

~ Melt-water-carved channel in till 

Drainage divide of Quinnipiac River basin 
\ I \ / Contacts between Mesozoic Rocks and crystalline rocks 

.2 Field-trip stop location 

.A Assembly point (East Rock Park) 
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Mazzaferro, 1975; Handman, 1974, 1975; Handman and Meade, 1975; Handman and 
Ryder, 1973). In the Quinnipiac Gorge, bedrock lies at just below 100 ft (30.5 m) in 
altitude. South of Cheshire and the Quinnipiac Gorge, the bedrock valleys of the 
Quinnipiac, Mill, West and Farm Rivers slope southward to the Sound. The bedrock floor 
of the. Quinnipiac valley south of the Gorge (Haeni, 1974a; 1974b; 1975; Haeni and 
Sanders, 1974; Brown, 1974) has a glacially scoured depression 150 to 200 ft (45.7 m to 
61 m) below sea level from Yatesville to North Haven. From North Haven to Fair Haven, 
where the bedrock channel joins that of the Mill River valley, it slopes from -100 to 
-250 ft (-30.5 to 76.2 m) in altitude. Beneath the southern part of New Haven, West 
Haven and New Haven Harbor the bedrock valleys of the West, Mill, and Quinnipiac 
Rivers converge at about -250 ft (-76.2 m) in altitude. A bedrock trench beneath the 
Sound slopes southwestward to depths greater than -228 m MSL. 

Long Island Sound Basin 

Sediments of late Jurassic, Cretaceous and Tertiary age cover the western margin 
(paleoshelf) of the Atlantic Ocean basin and form the seaward-thinning sedimentary 
wedge of the Atlantic Continental Shelf of the United States. From Florida to New York 
City the wedge of Coastal Plain sediments extends many miles inland to where the 
Coastal Plain strata pinch out against the eastern flank of the Appalachian Mountains. 
From New York City eastward to the Scotian shelf the Coastal Plain strata are mostly 
below sea level. Waterbodies such as Long Island Sound, Block Island Sound (fig. 4) and 
Rhode Island Sound and the Gulf of Maine occupy a string of lowland basins at the inner 
margin of a dissected Coastal Plain wedge. The seaward flank of this inner lowland is 
marked by a north-facing submerged cuesta scarp that is cut in Coastal Plain strata. The 
position of this cuesta scarp in many places coincides with or is close to the maximum 
extent of the late Wisconsinan ice sheet. 

Long Island Sound occupies the westernmost basin of the inner lowland. The Long 
Island Sound basin is bounded seaward by a highly dissected, north-facing escarpment of 
Cretaceous Coastal Plain strata (fig. 5). The south-dipping crystalline bedrock surface 
under Long Island Sound is a seaward extension of the bedrock that underlies coastal 
Connecticut. Submerged extensions of the Connecticut and Thames River bedrock 
valleys slope under the Coastal Plain cuesta, and the general morphology and slope of the 
submerged bedrock surface are very similar to those of the glacially modified bedrock 
surface on land. 

From about the middle of Long Island Sound basin southward, the crystalline 
bedrock is overlain by Coastal Plain strata (fig. 5). The north-facing cuesta scarp rises 
an average of 90-100 m above the bedrock/Coastal Plain contact, but the cuesta is very 
irregular. Several large valleys, as much as 140 m deep, incise the Coastal Plain strata. 
The morphology and distribution of these valleys indicate that they are glacially modified 
fluvial features. Opportunities for extensive fluvial erosion of the Coastal Plain strata 
occurred during major sea l!lvel lowerings in the Oligocene, late Pliocene and early 
Pleistocene. Because the fluvially carved inner lowland and Coastal Plain cuesta existed 
prior to glaciation, their positions influenced the configuration of terminal positions of 
the Wisconsinan ice sheets. Two major moraine lines cap the Coastal Plain cuesta. 

PREVIOUS INVESTIGATIONS IN THE QUINNIPIAC-FARMINGTON LOWLAND 

The earliest detailed studies of the Quaternary features of the area were those of 
James D. Dana, who published intermittently on the subject between 1870 and 1895. 
Dana (1883-1884) recognized the southwest direction of ice movement within the Central 
Lowland and attributed it to basal movement of the ice in the Lowland while the upper 
part of the ice sheet moved southeastward across the State. Most valuable are Dana's 
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detailed descriptions of sedimentary features in the stratified deposits of the New Haven 
plain. Dana (1870;187~, p. 168-183; .1884, p. 113-130) described from many places an 
upper stratum of cross-bedded gravel and sand, 10 to 20 ft thick and showing 
predominantly southward current directions, which unconformably overlies a lower 
stratum of finer grained sand. This unconformity today is interpreted as a topset-foreset 
contact of the New Haven delta (as suggested by Lougee, 1938). 

In the Manual of the geology of Connecticut (Rice and Gregory, 1906) Gregory 
briefly described the glacial geology of the Quinnipiae-Farmington lowland and 
accounted for the present courses of the Farmington and Quinnipiac Rivers as results of 
glacial drainage diversions caused by deposition of stratified drift in former channels 
during retreat of the last ice sheet. He recognized the existence of a glacial lake 
between Cheshire and Southington and its role in the development of the Quinnipiac 
Gorge. 

The Quaternary geology of the Hew Haven region, Connecticut, by Freeman Ward 
was published in 1920. It included the first description of the Quinnipiac clay (later 
called New Haven clay) in which deposition in a freshwater glacial lake was postulated, 
rather than in the sea as previously thought. Ward described the distribution and 
thickness of the clay and accounted for its layered nature as a result of the seasonal 
melting of the glacier ice and release of a regular supply of water which carried a 
uniform amount of silt and clay each season. With an average of 15 silt-clay layers per 
foot of deposit and thicknesses ranging from 50-150 ft, at least 500 and no more than 
2500 years for the life of the lake were postulated. Ward, like Dana, described the 
stratified drift deposits of the New Haven area as upper gravel unconformably overlying 
lower sand. His photograph of these units in the excavation for Yale Bowl was printed in 
Rice and Gregory (1906) and Ward (1920), and reproduced by Lougee (1938). We reprint it 
(fig. 6) because it is the only visible evidence available at this time for the deltaic nature 
of the New Haven plain. 

In 1928, Ernst Antevs included the Quinnipiac valley clay in his varve chronology 
of northeastern North America and counted a total of 364 varve couplets in surface 
exposures in 6 clay pits in Hamden and North Haven. He correlated the 364-year interval 
with a similar varve record in clay deposits at Haverstraw, NY. 

In The Glacial Geology of Connecticut (Flint, 1930), interpretation of the deposits 
of the Quinnipiac-Farmington lowland was based on a hypothesis that the glacier became 
stagnant over southern New England and melted down from north to south with residual 
ice remaining longest in Long Island Sound. Accordingly, residual ice masses were left in 
larger valleys and the meltwater deposits of the Quinnipiac-Farmington lowland were 
formed in narrow lakes at successive levels along the sides of a shrinking ice mass. Flint 
(1932) retracted the total-stagnation and north-to-south melting idea; he also changed his 
interpretation of the stratified glacial deposits of Connecticut from their deposition in 
principally lacustrine environments to principally fluvlal ones. In Late-glacial Features 
of the Quimtipiae-Farmington Lowland (Flint, 1934) he continued to advocate persistence 
of stagnant ice masses through the length of the lowland during deposition of principally 
fluvial Ice-contact deposits, which formed "an extensive mass, apparently a unit, 
traceable from near the Massachusetts State line almost continuously south to New 
Haven." In this paper, Flint recognized the occurrence of a younger unit "laid down by 
aggrading streams during and after the wasting away of the last remnants of residual 
ice." The "buff to drab" color of this unit, in sharp contrast to the red or pink ice­
contact materials, indicated that they were derived from the crystalline rocks of the 
Western Highland. 
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In 1938, Physiography of the Quinnipiac-Farmington Lowland in Connecticut by 
Richard J. Lougee was published. This is a classic paper on the glacial geology of this 
region. The interpretations of deposits and the deglaciation history described therein are 
(with some modification) those accepted by the compilers of the recent State maps. 
Strangely enough, this fine work was largely ignored by later quadrangle mappers of the 
area, and never referenced by R. F. Flint in later papers or quadrangle reports. Of most 
significance to the present discussion are the following points discussed by Lougee. 
1) From descriptions by Dana (1875-1876, 1883-1884) and Ward (1920), Lougee recognized 
that the New Haven plain was probably deltaic, built into a lake occupying the Long 
Island Sound basin. He also concluded that the clay of the Quinnipiac valley was laid 
down in that lake and that the Muddy River delta was graded to it. He mentioned, but 
did not favor, the possibility that a lake in the Quinnipiac valley had been impounded by 
the Fair Haven plain as it built across the mouth of the valley. 2) He also recognized 
independently, he claimed, from Flint the two generations of red and "yellow" sand and 
gravel deposits in the Quinnipiac valley. 3) He described glacial-lake features in the 
lowland north of the Quinnipiac Gorge, especially topset-foreset contacts in ice-marginal 
deltas, which he projected to a tilted water plane. The plane indicated that post-glacial 
crustal tilting had occurred in the amount of 5.5 to 6 ft per mile to the north. 4) He 
described the Quinnipiac Gorge as a late-glacial drainage diversion, cut by the waters 
draining from the Southington glacial lake. 

During the early 1960's, the southern part of the Quinnipiac-Farmington lowland 
was mapped in detail at 1: 24,000 scale under a cooperative mapping program bet ween the 
U.S. Geological Survey and the Connecticut Geological and Natural History Survey. This 
mapping produced the following quadrangle maps and reports which have been invaluable 
in compiling the regional geology: New Haven and Woodmont quadrangles (Flint, 1965); 
Branford quadrangle (Flint, 1964); Mount Carmel quadrangle (Flint, 1962); Wallingford 
quadrangle (Porter, 1960); Meriden quadrangle (Hanshaw, 1962); Southington quadrangle 
(La Sala, 1961). 

Also important to the understanding of the glacial deposits of this area are the 
subsurface data from numerous logs of wells and testholes made available in U.S. 
Geological Survey, Water Resources Division basin reports (La Sala, 1968; Mazzaferro, 
1973; Mazzaferro and others, 1979; Haeni and Anderson, 1980). 

TILL, DRUMLINS, STRIATIONS AND ICE MOVEMENT DIRECTIONS 

The tills of the Quinnipiac-Farmington lowland are reddish brown to brown with 
variations to reddish gray or light brown in some places. They are derived from the red 

· sandstones and siltstones of the New Haven Arkose which underlie the lowland. Near the 
basalt and diabase ridges the till color is grayish brown. 

On the western side of the lowland, crystalline-derived light gray to olive gray till 
in places (Stop 1) underlies the red till. This relationship occurs as much as 3 km (1.9 mi) 
west of the western border of the Mesozoic rocks (Flint, 1962). On the eastern side of 
the Central Lowland, red till extends eastward as much as 2 km (1.2 mi) beyond the 
eastern border fault of the Mesozoic rocks (Flint, t964; Langer, 1977). 

The texture of the lowland till varies from clayey to sandy. In general, it is 
somewhat less stony than crystalline-derived till and the relatively few large boulders 
within it are commonly of basalt or diabase. 

Drumlins and striations trend south-southeast in most of Connecticut (fig. 3). 
They trend west-southwest, southwest, and south-southwest in the Quinnipiac­
Farmington lowland (fig. 2, fig. 3). West-southwest striations occur as much as 4 km (2.5 
mi) west of the steep scarp of the Western Highland on the central west border of the 
Lowland in the Southington, Bristol and Collinsville quadrangles. Striations trending west 
of south cross older striations trending east of south in a few places on the west side of 
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Eastern and Western Highlands and the Central Lowland. Retreatal ice-margin lines show the shape and 
length of the Connecticut Valley ice lobe in the Central Lowland. 
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the Lowland (Stop 11 of Stone and others, 1982) and in the south-central part (Hanshaw, 
1962). These few southeast-trending striations on the west side and within the Lowland 
provide evidence that when the ice was thickest during maxim1;m glaciation, the 
difference in altitude between the Highlands and the Lowland was not a significant 
factor to ice-movement direction. During retreat of the ice sheet, however, the ice 
became thinner and the difference in altitude resulted in the formation of a lobe of ice in 
the Central Lowland (fig. 3). The southwest striations on the west side of the Lowland 
and the occurrence of red till west of the lowland are due to movement during retreat of 
the Connecticut Valley ice lobe. Although there is no evidence that the margin 
readvanced, the ice lobe remained vigorously active as is shown by its ability to move 
west-southwesterly up the steep scarp of the Western Highland. 

Drumlins throughout Connecticut are composed of the lower, pre-late Wisconsinan 
till (Stone and others, 1982, in press; Pessl and Schafer, 1968). The southwest trend of 
drumlins in the Quinnipiac-Farmington lowland, and especially southwest of New Haven, 
requires further study to determine the relationship between till fabric, provenance, age 
and topographic trend. It appears that final shaping of these drumlins, presumably 
composed of the older till, took place during retreat of the last ice sheet. 

Throughout the Qulnnipiac-Farmington lowland the northeastward retreat of the 
western side of the Connecticut Valley ice lobe (fig. 3) is recorded by numerous melt­
water deposits, especially in upland valleys. Northwest-southeast-trending ice-margin 
positions were requisite to deposition at these specific high-level positions (fig. 2). 

GLACIAL LAKE CONNECTICUT: OFFSHORE AND ONSHORE EVIDENCE 

Glacial deposits in Long Island Sound 

The glacial and post glacial deposits in Long Island Sound recently have been 
mapped fr()m high-resolution seismic reflection profiles supplemented by information 
from vibracores (Lewis and Needell, in press). Maps showing depths to the submerged 
extensions of the Long Island moraines and the distribution and thickness of rhythmically 
laminated lake clays beneath the Sound, add significantly to our understanding of the 
dam ming mechanisms, water levels, extent and duration of the glacial lake that occupied 
the Sound basin during early retreat of the last ice sheet. Deltas along the coast in 
Connecticut (fig. 4), the youngest and largest of which is at New Haven, were deposited 
in this glacial lake, here called glacial Lake Connecticut. 

Scattered deposits of till, commonly more than 10 m thick, overlie the bedrock 
and Coastal Plain remnant (fig. 5) throughout the Long Island Sound basin. Submerged 
moraine (fig. 4) with crest altitude of about -20 m MSL between eastern Long Island and 
Block Island (Needell and Lewis, 1984) is the extension of the Ronkonkoma-Shinnecock­
Amagansett (Sirkin, 1982) terminal moraine line. Submerged moraine with crest altitude 
of -10 to -20 m MSL between Plum Island and Fishers Island is the extension of the 
Harbor Hill-Charlestown recessional moraine line. The now submerged parts of the 
Harbor Hill-Charlestown and Ronkonkoma moraine heightened a relatively low area 
across the Coastal Plain cuesta and impounded meltwater as the ice retreated into the 
isostatically depressed basin. The morainal dams persisted long enough for the entire 
area to be filled with lake-clay deposits. These lake clays are thickest (up to 150 m) in 
the pre-glacial valleys that incise the Coastal Plain strata, but they are found throughout 
the Long Island Sound and Block Island Sound basins. To the south, the lacustrine 
deposits pinch out against Coastal Plain strata and/or moraine. To the north they pinch 
out against bedrock or older glacial material. Locally the clays extend into estuaries 
along the Connecticut coast as in New Haven Harbor (fig. 4) and beneath the deltas, as at 
New Haven (fig. 7). 
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Figure 4.-Generalized Pleistocene geologic map of Long Island Sound and Block Island Sound basins. Modified 
from Lewis and Needell (in press); Needell and Lewis (1984); Schafer, Stone, London, and Thompson (unpub. 
map); Fuller (1914); Sirkin (1982). H.R. - Hudson River; Ho.R. - Housatonic River; Q.R. - Quinnipiac River; 
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Several features that are relevant to the later history of the lake lie in and around 
the Long Island Sound basin. A ridge composed of bedrock and Coastal Plain strata 
extends across the basin south of Branford. East of this high, the lake clays are incised 
by stream valleys which are in turn truncated by a widespread, flat unconformity. This 
evidence suggests that the lake clays were subaerially exposed and dissected before wave 
action associated with the Holocene marine transgression beveled the lake-clay surface. 
West of the Branford high and as far west as Bridgeport, CT, evidence of subaerial 
exposure of the lake clays has not been found. In this area, the lake clays are 
conformably overlain by extensive stratified sand and gravel deposits (fig. 4). Offshore 
from New Haven these sediments are 20-45 m thick, (fig. 5) and extend southward almost 
to the north shore of Long Island. 

A probable spillway for lake waters and later drainage outlet from the subaerially 
exposed lake basin exists at the head of Block Channel where the terminal moraine is 
notched to approximately 75 m below sea level. A channel eroded in the lake-clay 
surface leads to this outlet and probably provided a path for eastward drainage of the 
Long Island Sound lake. As the lake lowered, the Branford high may have emerged and 
prevented or delayed complete draining of the central part of the lake. 

South of the mouth of the Connecticut River, remnants of an extensive, internally 
complex deposit lie above the marine unconformity that beveled the lake clays. As this 
deposit postdates the last transgression, it is therefore marine. 

A cover of Holocene marine mud blankets most of the basin. East of Clinton, 
strong currents have cut deeply into the glacial and marine deposits, and locally the 
Coastal Plain strata. Much of the bottom topography of the eastern Sound is a result of 
this continuing modern erosion. 

The New Haven delta plain 

The oldest meltwater deposits in the Quinnipiac-Farmington lowland are the New 
Haven delta, along with the one at East Haven and included fluvial feeder deposits in the 
West, Mill, and Farm River valleys (fig. 2, units Cn and Ce). They were graded to and 
deposited in glacial Lake Connecticut. That these deposits are deltaic was suggested by 
Lougee (1938), but in the New Haven quadrangle report, Flint (1965) described the New 
Haven plain as consisting of more than 250 ft of "stream-deposited sediment down to so 
great a depth" as the result of deposition in a glacial age when sea level was much lower 
than today. Although there are no known deep exposures of the subsurface deposits in 
the New Haven urban area at this time, there is little doubt that the plain is deltaic as 
evidenced by Dana's descriptions (1875-1876, 1883-1884) and the Yale Bowl excavation 
photograph (Fig. 6) and other descriptions by Freeman Ward (1920) of upper gravels 
(topset beds) and lower sands (foreset beds). Neither Dana nor Ward recognized the plain 
as a delta. However, the following paragraphs from Ward's (1920, p. 45-46) description of 
the stratified drift of the New Haven region clearly imply the deltaic character of the 
plain: 

"Differences in color, texture, and structure make it advisable to 
classify stratified drift as upper gravels, lower sands, and clay. Upper 
gravels, so named because of their position and texture, occupy the upper 
portion of stratified drift and have a thickness of 8 to 25 feet. Sands are 
found in it, but gravel, coarse gravel, cobbles, and boulders predominate. 
The structure shows considerable variety. Cross-bedding is common, and 
flow and plunge structure ... is found in .several places. Layers are short 
and lenslike and change rapidly in character vertically and horizontally ..• 
But where made of coarse gravel and boulders, the layers may be thick and 
massive for perhaps 100 yards in length ... The color of the upper gravels is 
yellow-brown. They lie upon the eroded edges of the lower sands. 
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The lower sands formation lies directly beneath the upper gravels. 
It consists of sands of various grades ••• Locally gravel layers may be found 
in the lower portions. The lower sands are characteristically even-bedded, 
cross-bedding is lacking or on a small scale; the layers are of greater 
extent; not prominently lenslike, and vary slightly. The color is red-brown 
ranging from the distinctively bright color to the more common quieter 
tones. 

The di vision between the upper gravels and lower sands is a plane of 
unconformity wherever observed. In the New Haven plain it was seen along 
the whole 'cut' where the Shore Line enters the city, also in more than 20 
other scattered localities ••• The exposures are sufficient in number and 
widely enough separated to indicate that the unconformity is a regional 
feature. The upper gravels rest directly upon the eroded surface of the 
lower sands." 

---- ---·····---

Figure 6.-Excavation for Yale Bowl showing glaciofluvial delta-topset gravel overlying 
inclined delta-foreset sand. Photo by Freeman Ward, prior to 1906. Altitude of land 
surface approximately 45 ft; estimated thickness of topset gravel is 3.6 m (12 ft). 

From thicknesses of 12 to 15 ft for the topset beds (Dana, 1875-1876; and fig. 6) 
beneath downtown New Haven and at Yale Bowl where surface altitudes are about 45 ft, 
we estimate that the topset-foreset contact at this latitude is at about 30-33 ft in 
altitude. It is probable that the New Haven delta was built in segments as the ice margin 
retreated northeastward, although it is not evident from surface profiles of the New 
Haven plain. If this were the case, the section along the West River to West Haven 
would have built first, and the section along the Mill River to Fair Haven slightly later. 
If the level of the lake dropped a little during the successive stages of delta building, 
topset-foreset contacts might be at lower altitudes in Fair Haven than in West Haven. 
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This would also require greater aggradation of fluvial topset beds in Fair Haven in order 
for surface altitudes to. be about the same (45 ft) in both areas. The 25-ft-deep section 
exposed along the "Air Line" Railroad cut through the northern part of Fair Haven, 
described by Dana (1875-1876, p. 173) and (Ward, 1920, p. 45), revealed a 20-ft thickness 
of the ·cross-bedded "upper stratum" unconformably overlying the lower stratum. At the 
Yale Bowl excavation on the west side of the West River, only about 3.6 m (12 ft) of 
topsets are present (fig. 6). 

Numerous subsurface data from wells and testholes (Mazzaferro, 1973) show the 
downward stratigraphic sequence of gravel over sand over clay beneath the plain. Figure 
7 indicates the extent and thickness of subsurface lake-bottom deposits of very fine sand, 
silt and clay which lie beneath the deltaic sediments of the New Haven plain. These 
lake-bottom sediments are probably continuous with the lake clay beneath Long Island 
Sound (fig. 4). 

Coastline deltas of Lake Connecticut indicate a 
minimum value of glacioisostatic tilt 

Deltas east of Clinton (fig. 4) are slightly older and were built at slightly higher 
lake levels than those to the west. An ice-marginal delta at Lordship Point, southwest of 
New Haven, has a topset-foreset contact at about 15 ft altitude (Hokans, 1952) and a 
surface altitude of about 25 ft. Deltas just to the north in Bridgeport and Stratford have 
surface altitudes of about 15 ft. The topset-foreset contact at Bridgeport, estimated 
from testhole log descriptions, is at 10 ft in altitude. Topset-foreset contacts are at 
about sea level at Fairfield. The New Haven and East Haven deltas are the youngest of 
the coastal deltas because they lie farther north than the o.thers .and because of 
persistence of the Connecticut Valley ice lobe from which they were deposited. The Mill 
River meltwater terrace (fig. 2, unit mt) is cut into the New Haven delta and has a 
surface altitude of 20-30 ft. Fluvial sand and gravel deposits of this terrace cut into the 
foreset beds of the New Haven delta down to at least 19 ft in altitude as observed in a 
recent foundation excavation on State Street. The meltwater erosion and deposition of 
reworked sediments along the Mill River terrace occurred between the time of 
completion of New Haven-delta building and the time when the ice margin stood just 
north of the Mill River-Quinnipiac River drainage divide at Cheshire. After this time, all 
meltwater drainage was diverted out of Mill River valley and into the valley of the 
Quinnipiac. Fluvial erosion and redeposition down to an altitude of 19 ft requires that 
the lake level had dropped by this time to at least 11 ft below the 30-ft level estimated 
for the New Haven delta. 

New Haven lies 7.5 mi (12 km) farther up the isobases of the tilted water plane 
than Fairfield; the altitudes of 0 ft at Fairfield, 10 ft at Bridgeport, and 30 ft at New 
Haven give a tilt amount of 4 ft/mi (. 76 m/km) if the lake level remained stable during 
time of ice retreat and delta building between Fairfield and New Haven. Because the 
lake level was slowly lowering during this time, the total amount of tilt is probably 
greater. 

Glacial Lake Connecticut spilled across either or both the Harbor Hill and the 
Ronkonkoma-Block island moraines in the now submerged parts of these moraines east of 
Long Island and west of Fishers Island at The Race, and west of Block Island at the head 
of Block Channel (fig. 4). The tilted lake water plane projects to altitudes below the 
restored crests of both moraines which were deeply eroded by drainage of the lake water 
at The Race and Block Channel, and possibly by Holocene tidal scour as well at The 
Race. The projected water plane is at -40 ft (-12.2 m) MSL at The Race, -72 ft (-22 m) 
MSL at the north shore of Long Island south-southeast of New Haven, and at -92 ft 
(-28 m) MSL at Block Channel. 
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EXPLANATION 
Thickness oi deposits 
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Figure 7 .-Map showing distribution and thickness of fine-grained lake-bottom deposits of 
glacial Lake Connecticut (beneath New Haven), glacial Lake Quinnipiac (Quinnipiac 
clay in southern part of Quinnipiac River valley), and glacial Lake Southington 
(north of Quinnipiac Gorge). Modified from Langer (1979). Map shows same area as 
fig. 2; scale 1 inch equals about 2.6 miles. 
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A name for the glacial lake in Long Island Sound basin, 
here called glacial Lake Connecticut 

The existence of a glacial lake in Long Island Sound was first postulated by Antevs 
(1922), who envisioned that the water plane recorded by lake deposits had been tilted by 
postglacial rebound, and was a~ about 40 ft in altitude at New Haven and projected (with 
a slope of 8 ft/mil to about 150 ft below sea level at a presumed spillway across the 
moraine. Both Antevs and Reeds (1929), who studied lake clays in the New York City 
area, believed that the clay in the lower Quinnipiac valley had been deposited in the Long 
Island Sound lake. Reeds (1927) referred to this lake as glacial Lake Flushing although he 
showed the waterbody continuous with lakes Hudson and Hackensack. The clay at 
Flushing Meadow, N.Y., was later described by Newman (1977) who used the term 
"Flushing Formation." 

In compilation of the glacial geology of Connecticut for the State Maps, the name 
"glacial Lake Connecticut" has come into use as it became apparent that the lake 
occupied the basin at a high level throughout Long Island Sound. It is becoming more 
apparent however, with recent and continued mapping of offshore areas, that this lake 
occupied not just Long Island Sound, but Block Island and Rhode Island Sounds as well. It 
seems therefore, that glacial Lake Connecticut may be a name that is too geographically 
restrictive, and a better one might be in order; two possibilities are "glacial Lake 
Antevs" or "glacial Lake of the Sounds." 

GLACIAL LAKE QUINNIPIAC 

The bedrock floor of the lower Quinnipiac River valley lies at altitudes of more 
than 250 ft (76 m) below sea level in its deepest parts. A thick stratigraphic section of 
glacial and postglacial deposits fills the bedrock valley to about 100 ft (30.5 m) in 
altitude at the north end near South Meriden and to about sea level at the south end 
(fig. 8a). The Lake Quinnipiac deposits (fig. 2, unit lq) consist of: 1) ice-marginal sand 
and gravel deposits which include the "Muddy River delta" of Flint, (1964), and "ice­
contact stratified drift" of Porter (1960); and 2) lake-bottom deposits that underlie, 
intertongue with, and overlie the ice-marginal sediments. These lake-bottom deposits 
are here and in Ward (1920) and Loughlin (1905) referred to as the Quinnipiac clay, 
although in the past the deposit has been called New Haven clay (Flint, 1933, and later 
references). The Lake Quinnipiac deposits are largely overlain by younger deposits which 
include: distal meltwater-laid fluvial outwash deposits of the Quinnipiac valley terrace; 
postglacial stream-terrace deposits; alluvial deposits on the modern floodplain; and peat 
deposits of the transgressing estuarine marshes. These younger deposits will be discussed 
in later sections. 

The ice-marginal deltaic and lake-bottom sediments of the lower Quinnipiac 
valley lie at higher altitudes than those at New Haven-West Haven-East Haven that are 
associated with glacial Lake Connecticut in the Sound basin. Much of the higher altitude 
is due to postglacial tilting, however water-level indicators provide evidence that Lake 
Quinnipiac occupied the Quinnipiac valley at · a slightly higher level than Lake 
Connecticut at least during early stages of ice retreat in that valley. 

The Muddy River delta, with a surface altitude of 50-60 ft, is the oldest, most 
extensive, and the best preserved of the Lake Quinnipiac ice-marginal deposits. Because 
it lies at the southern end of the valley (in the vicinity of Montowese), where the fluvial 
gradient of the younger valley terrace deposits slopes to lower altitudes, it has not been 
buried by the younger deposits as has happened to other deposits in most of the valley to 
the north. The course of the present Muddy River at the north edge of the delta probably 
follows a "fosse" or collapsed slope marking the position of the ice margin during 
deposition of the delta. Flowtill in the northernmost exposures of the delta (Lougee, 
1938, p. 26; Flint, 1964, p. 20) also indicates that the ice stood along what is now the 
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Figure 8a.-Longitudinal profiles of glacial and postglacial deposits in the Quinnipiac 
River valley from west of Wallingford center to Fair Haven; constructed by 
projection of highest surface altitudes of each deposit to valley center line. 
Surfaces of some buried ice-marginal deposits are shown schematically by curved 
lines. Test hole and well logs (numbers and letter designations for towns es In 
Mazzaferro, 1973; Haeni and Anderson, 1980) shown graphically, indicate the 
thickness of the deposits. Test hole log NHN58 at the south end of the profile 
shows the altitude of the bedrock surface at -13 m (-43 ft) MSL beneath the present 
channel of the Quinnipiac River east of Fair Haven. This altitude was the lowest 
possible base level for postglacial terracing. 
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Figure 8b.-Generalized cross-section of glacial and postglacial deposits 4cross the 
Quinnipiac River valley just south of Wallingford-North Haven, Wallingford-Hamden 
town lines. Units1 lq - ice-marginal deposits of glacial Lake Quinnipiac; qt -
fluvial outwash of the Quinnipiac valley terrace; st - postglacial stream terrace 
deposits; a, Holocene alluvium; t - till. · 
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north edge of the delta. Delta-foreset dip directions are predominantly west to 
southwesterly (Flint, 1964) indicating that sediment was contributed primarily by 
meltwater streams that entered the lake from the Muddy River valley upstream to the 
northeast. There are no kricl'wn exposures at present of the topset...:foreset contact of this 
delta, although we estimate that it is 40-50 ft in altitude. Foresets are exposed to an 
altitude of 30 ft in the remnants of the "once spectacular" Elm City Construction Co. pit 
(Stop 3). Lougee (1938, p. 25) described a topset-foreset contact in the northeast part of 
the delta at 44 ft in altitude; however, his photograph of "both topsets and foresets .•• of 
reddish sand" (Lougee, 1938, p. 25 and Plate III B) appears to us to show only cross­
cutting foreset beds. Flint (1964) was of the opinion that the surface of the delta might 
have been planed off by post-delta streams, because "at every place where the delta 
sediments were seen exposed extensively, including four of the highest places on the 
surface of the delta, the topset beds which every delta possesses were missing." The four 
highest places on the delta ranged from 50-60 ft in altitude. Flint's photograph (1964, 
plate 4, p. 43) from the Elm City Construction Co. pit shows cross-cutting lobes of 
foreset beds to the top of pit face, with no topsets apparent; but whether this pit face 
was cut into the 60 ft surface shown on the topographic base of the Branford quadrangle 
map is not known. A water level of 60 ft or higher at this locality is difficult to 
postulate because this altitude, adjusting for postglacial tilt, projects to the vicinity of 
Fair Haven at about 50 ft. Because progradation of the Fair Haven delta lobe into Lake 
Connecticut across the southern end of the Quinnipiac valley provided the dam for the 
lake, the water level could be no higher than the 40-ft surface of the Fair Haven delta­
plain dam. At that time the dam must have extended 150-240 m (500-800 ft) farther east 
to the till slope on the east side of the present course of the Quinnipiac River. The 40-ft 
altitude, adjusted for tilt, projects to the Elm City Construction Co. pit at about 50 ft. 
Because the · water that spilled from Lake Quinnipiac flowed over easily eroded 
sediments, the spillway floor probably lowered rapidly nearly to the level of Lake 
Connecticut to the south. 
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Ice-marginal deposits of Lake Quinnipiac north of the Muddy River delta are 
largely buried by the younger valley terrace deposits. The Lake Quinnipiac deposits 
overlie, intertongue with, and are overlain by lacustrine silt and clay. A past exposure in 
a body of ice-marginal sediment near North Haven village, the 58-ft surface of which 
protrudes through the terrace sediments, showed deltaic foreset bedding as high as 50 ft 
in altitude (Lougee, 1938, p. 26). Between North Haven and Y alesville the ice-marginal 
deposits lie mainly on the sides of the valley; their collapsed slopes, toward the center of 
the valley, are overlain by lake-bottom sediments (fig. 8b). On the extreme west edge of 
the valley, postglacial terracing has exposed narrow segments of the ice-marginal 
deposits from beneath the valley terrace sediments at altitudes of 50-75 ft (Porter, 
1960). Several exposures in these segments (e.g. Stop 8) show collapse-deformed beds of 
sand, silt and pebble gravel of probable lacustrine origin. At the north end of the valley, 
in the vicinity of South Meriden, exposures to a depth of about 6.1 m (20 ft) have shown 
only fluvial gravel which is not collapsed (Stop 9). Subsurface data indicate that the 
gravel overlies as much as 24.4 m (80 ft) of lake-bottom sediment. Lougee (1938) 
described steeply dipping foreset beds of red gravel beneath the yellow terrace sediment 
half a mile south of Hanover Pond. The pebble-cobble gravel deposits at South Meriden 
have an ice-marginal head north of Meriden (fig. 2). Subsurface data made available 
after quadrangle mapping was done show that the bulk of material that fills the lower 
Quinnipiac valley is lake-bottom silt, clay and fine sand (figs. a, 7) rather than coarse­
grained ice-contact deposits as indicated by Porter (1960, p. 9). 

The extent and thickness of the Lake Quinnipiac bottom sediment is shown in 
figure 7. The Quinnipiac clay extends from just north of the Fair Haven delta plain 
northward to South Meriden. The deposit is as much as 60.1 m (200 ft) thick in the 
deepest part of the valley west of the village of Quinnipiac, but the clays average 15.2-
30.5 m (50-100 ft) in thickness over much of the area (fig. 7). In the past as much as 5 m 
has been exposed in various clay pits in the towns of Hamden and North Haven. Since 
this body of varved clay is not exposed at the surface in the city of New Haven and since 
well and testhole logs indicate that it pinches out in the subsurface less than half a mile 
south of the New Haven city line (fig. 7), it is not clear why it was called "New Haven 
clay" by Flint (1933). The thick body of lake-bottom sediment that now is known to lie 
beneath New Haven (fig. 7) more properly might be called the New Haven clay. 

The Quinnipiac clay deposit consists in order of decreasing abundance of silt, clay 
and very fine sand, dark reddish brown 5YR3/4-reddish brown 5YR4/3 in color. Where 
exposed in the clay pits, it is "varved" in silt-dominated couplets that average about an 
inch (2.3 cm) in thickness. Although the clays have not been exposed in recent years, 
they were well-exposed during brick-making operations in the past (Ward, 1920, p. 54): 

"The clay ••• is of so fine a texture that no grit can be felt by the 
teeth ... These layers are a quarter to half an inch thick. Silt is also of a 
fine texture. It has some true clay in it, but it consists essentially of silt 
and a certain amount of very fine sand. It feels gritty to the teeth ... At 
the bottom of each layer there is likely to be a thin lamina of small 
scattered grains of sand. The thickness of silt varies more than clay; 
ordinarily it is half an inch to 1 1/2 inches thick, in a few instances 
attaining a thickness of 4 1/2 inches and rarely even several feet. These 
layers may show a subdivision into very thin laminae, about fifteen to half 
an inch. The contact of the lower part of the silt and the upper part of the 
clay layers is uniformly regular, distinct and abrupt; but the lower part of 
the clay layers grades into the upper part of the silt." 
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GLACIALLAKESOVTHINGTON 

Deposits of Lake Southington fill the Quinnipiac-Farmington lowland northwest of 
· the Quinnipiac Gorge and through the town of Southington. These deposits are 
predominantly ice-marginal deltas and lake-bottom sediments laid down in successive 
morphosequences as the ice retreated northward (figs. 1 and 2 of Stone and others, 
1982). Delta surfaces range from 195-210 ft altitude in the southern part of lake basin to 
235-245 ·ft in the north. The oldest deposits abut slightly older ice-marginal deltaic 
deposits that filled small basins in three north-draining tributary valley to the Quinnipiac 
River (fig. 2, small dot pattern). The ice-marginal ponds in the small basins spilled 
through cols across the Quinnipiac River•Mill River drainage divide at 245 ft from the 
Broad Brook valley, 195 ft from the Honeypot Brook valley and 186 ft in the valley of an 
unnamed brook west of Honeypot Brook. Deposits of the ice-marginal pond in Broad 
Brook valley, having surface altitudes in noncollapsed areas of 200-250 ft, lie across the 
Quinnipiac valley northwest of the gorge (fig. 9 and Stop 10). These deposits possibly 
formed part of the "dam" that impounded glacial Lake Southington. At the present 
Quinnipiac Gorge, the river flows through a bedrock-floored and -walled canyon (fig. 9) 
at 90-100 ft in altitude. In order for Lake Southington to have existed with a water plane 
at 180-185 ft at the latitude of the Gorge, the Quinnipiac Gorge either did not yet exist, 
or was filled with till, ice, stratified deposits or a combination thereof. Lougee (1938, p. 
39-42) proposed that the rock gorge was carved by headward erosion of a late-glacial 

Figure 9.-Quinnipiac Gorge, a possible late-glacial drainage diversion in the Meriden 
7.5' quadrangle, scdle 1:24,000; from Hanshaw (1962). Ruled pattern within the 
Gorge indicates area of abundant bedrock outcrop. 
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waterfall. The surface level of glacial deposits in the valley to the south is about 24 m 
(80 ft) below the level of Lake Southington, and it is conceivable that headward erosion 
by a waterfall of this magnitude could have resulted in the removal of 15-18 m {50-60 ft) 

· of weathered arkose .similar to that seen in the Gorge today. If this were the case, the 
Quinnipiac River may not have flowed southward prior to the last glaciAtion, but instead 
may have been a north-flowing tributary to the Farmington River. 

The deposits of Lake Southington include the conspicuous ice-marginal deltas in 
Cheshire and near Plantsville, and lake-bottom sediments in front of and looally beneath 
the deltas. The deltas are spaced at 2.5-km (1.5 mi) intervals in the southern part of the 
lake basin and record stagnation-zone retreat ol the ice margin northward through the 
lowland. Lake clay is as thick as 33 m (108 ft) in the narrow basin south of the distal 
part of deltaic deposits at Marion (figs. 2 and 7). Clay south of the proglacial delta in 
Cheshire, 1 km {0.6 mi) southeast of Milldale (discussed below) is as thick as 27 m (88 ft) 
(figs. 2 and 7). 

At some time after the deposition of the last ice-marginal delta into Lake 
Southington and the development of glacial Lake Farmington to the north, the dam at the 
Quinnipiac Gorge was lowered, and the Southington deposits were terraced and eroded, 
first by water that spilled from Lake Farmington and then by meltwater that deposited 
the Quinnipiac valley terrace sediments (see discussion below). 

THE nLOUGEE DELTA" OF GLACIAL LAKE SOUTIDNGTON, CHI!SIHRE 

One of the best examples of the morphology of ice-marginal glaciolacustrine 
deltas of New England is the proglacial, esker-fed delta of Lake Southington in the 
northern part of Cheshire (fig. 10). R. J. Lougee's (1938) plane-table map of this delta, 
using a 5-ft contour interval, shows the fine detail of its morphology, and his map 
matches well with the modern topographic maps of the delta and adjacent deposits. The 
"Lougee delta" ideally ·exhibits the characteristic continuity of ice-proximal to -distal 
topographic elements that compose such ice-marginal deposits in the region. The delta 
thus includes the ice-channel filling {esker ), an irregular ice-contact scarp, a zone ol 
kettles and collapsed deformation, a noncollapsed fluvial plane, and a distal margin 
containing di.stributary lobes, the lower slopes of which tangentially merge with a lake-­
bottom plane to the south. The continuity of such forms in a single mappable 
sedimentary unit was recognized nearly a century ago (Davis, 1890), used in early studies 
of glacial lake successions {Goldthwait, 1905; Alden, 1924), and exemplified in the first 
detailed quadrangle maps of glacial deposits {Jahns, 1953; Richmond, 1953). Some of 
these deltas have been referred to variously as proglacial deltas (Lougee, 1938), esker­
fed deltas (Stone and others, 1982), kame deltas (Richmond, 1953; La Sala, 1961), ice­
contaet deltas, ice-marginal deltas (Stone and Force, 1982), or ice-contact Jacustrine 
morphosequences (in the morphogenetic classification ol Koteff, 1974; see also Koteff 
and Pessl, 1981). Most of these terms seem appropriate, the more descriptive, i.e., ice­
marginal deltas, are preferred by us. The term kame delta uses the word kame as a 
modifier, synonymous with ice contact. To some geologists, the term kame connotes ice 
hole deposition {Bates and Jackson, 1980), as in moulin kame. Transferral of this 
connotation to studies of deltas like the "Lougee delta" obscures the depositional setting 
and stratigraphic relationships of such deltas. These ice-marginal deltas are bounded by 
ice contacts at their northerly margins, and their free-front, lobate distal margins 
contain foreset strata that grade tangentially into bottomset beds in front of them. 
Further, the extent of lake bottom sediments around and among related deltas indicates 
areas of open water in the basin, and topset-foreset contact altitudes of related deltas 
define a single plane that closely approximates the water plane of the glacial lake. 
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· The "Lougee delta" {fig. 10) includes map tmit Qkd8 and part of unit Qk8 of La 
Sala (1961). Adjacent deposits of Lake Southington, are other parts of La Sala's unit 
Qk8• At the west end of the ice contact of the delta is a small rounded hill that is just 
over 210 ft in altitude, and which is bounded on its northern and eastern sides by steep 
ice contacts. This hill appears to project above the depositional gradient of the delta, 
and is possibly a slightly older, chiefly ice-bordered deposit. The adjacent flat-topped 
200-ft hill, welded on to its western side, also appears not to be part of the main delta. 

\ 

PROGLACIAL DELTA 
OF 

GLACIAL LAKE SOUTHINGTON 

CHESHIRE. CONNECTICUT 

Figure 10.-Topography of the "Lougee delta" of glacial Lake Southington. Topography in 
area of 5-ft contours, some boundaries of which are shown by dashed lines at edge 
of map, is modified from Lougee (1938, Plate XV). Topography in areas of 10-ft 
contours is modified from the Southington and Meriden 7 1/2' topographic 
quadrangles. Hachured lines show partial extent of large excavations. 
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Besides the ice-channel filling, the "Lougee delta" at Cheshire is composed of two 
parts, as previously recognized (Lougee, 1938, p. 38): 1) a flat-topped western part, the 
surface of which is everywhere above 195 ft and mostly above 200 ft; and 2) a larger 
flat-topped eastern part, the surface of which extends from the ice-channel filling at 
altitudes above 200 ft to the lobate southern margin at altitudes of 185-195 ft. -

From Lougee's finely detailed topographic map some observations and 
measurements of features related to processes that formed this ideal example can be 
made. The delta-top fluvial plain slopes from above 204 ft at the proximal end to 185-
195 ft at the distal margin. Depositional slopes on the plain are 0.0087 (8. 7 m/km; 
46 ft/mi) - 0.0106 (56 ft/mi) at the proximal part above 200 ft altitude. The slopes are 
about 0.0045 (24 ft/mi) in the middle reaches between altitudes of 195-200 ft. Pluvial 
slopes at the distal lobate margin cannot be calculated because the precise altitude of 
the top and bottom of fluvial beds is not known, and the sediments in the distributary 
lobes are not well exposed. Lougee (1938, p. 38) previously estimated the distal edge of 
the fluvial plain to be at 193-ft on the basis of morphology. Distributary lobes of the 
eastern delta plain vary in length/width dimensions from 152.4/76.2 m (500 ft/250 ft) to 
91.5/39.6 m (300 ft/130 ft), as measured from altitudes of about 193 ft to the 185-ft 
contour (length), and orthogonally from the 185-ft contour at the midpoint of the lobes. 
Interlobate troughs are V-shaped and widen from less than 15.2 m (50 ft) at their heads to 
about 53.3 m (175 ft) at their mouths. 

The size of gravel clasts in the delta-topset beds fines remarkably from the ice 
contact to the lobate margin. Small rounded boulders at the ice-contact head of the 
delta have long axes of 30-50 cm. Cobbles in the middle reaches of the delta have long 
axes of 20-32 cm. Clasts with long axes of about 10 cm are common in the surface 
gravel of some of the distributary lobes. 

Past exposures in parts of the esker-fed delta and adjacent deposits showed coarse 
gravel-dominated topset beds overlying steeply inclined delta-foreset strata of coarse 
sand, and granule-pebble gravel (stop 11). The sequence of fluvial beds beneath the 
sloping delta-topset plain is bounded at the base by a sharp, horizontal unconformity that 
erosionally truncates the underlying sandy foreset strata. This unconformity is 
approximately at the altitude of the paleolake level (Gilbert, 1885; Lougee, 1938; Stone 
and Force, 1982). Pits on either side of the pipeline at the southern foreset slope of the 
delta previously exposed coarse sand and pebble gravel foreset beds, the products of 
depositional avalanching of debris down the foreset slope, and minor interbedded sand 
beds that contain sets and cosets of climbing-ripple cross-laminations. An oblique cut 
through foreset strata in the elongate hill just east of the delta and 300 m (984 ft) north 
of East Johnson Ave. (fig. 10) showed cross-cutting sets of proximal foreset strata 

. composed of sand and pebble and cobble gravel in beds that dipped southwesterly 25-30° 
(fig. 11). A conspicuous bed of indistinctly bedded sand and cobble-boulder gravel 
probably resulted from a subaqueous gravity flow or slide on the foreset slope. The 
proximal delta foresets extend to the ice contact at the north side of the pit; backset 
beds (Davis, 1890) have not been seen at the ice contact. Also, neither flowtills 
(Hartshorn, 1958) nor other matrix-supported diamict sediments were observed by 
participants in the 1982 NEIGC fieldtrip (Stone and others, 1982) to this exposure, so the 
presence of these nonsorted, probable ice-slope-derived sediments is not always obvious 
in ice-marginal deltaic sequences. Other delta-foreset strata containing characteristic 
climbing-ripple cross-laminations and associated draped laminations, as well as sets of 
planar laminations of coarse sand, have been exposed until the present in the more distal 
southwesterly part of the pit. 

Highway excavations in 1983 in the ice-contact head of the "Lougee delta" (fig. 
10) revealed about 4 m of horizontally bedded gravel topset strata. Beds were generally 
less than 1 m thick. Coarse cobble gravel was in erosionally· bounded, channel-filling 
beds commonly 6-8 m wide. Other beds of pebbly sand and small cobble gravel, in sets of 
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Figure 11.-Delta foreset strata exposed in elongate hill east of the "Lougee delta" 
(fig. 10). Oblique view of delta foresets .that dip southwesterly. Topset beds have 
been excavated. Note trough-filling set of foreset strata near top of section. 
Delta ice contact is less than 25 m to right of view • 

tabular cross-beds 0.3 to 0.6 m thick, were exposed along the length of the excavation. 
At places in these cuts, and in a cut in the part of the ice-channel filling that was on the 
east side of the prominent circular kettle, coarse sand in inclined delta-foreset strata 
was exposed. A single set of steeply inclined delta foresets was exposed to a total 
thickness of 3.5 m in one place. The occurren'ce of foreset strata and unconformably 
overlying fluvial ·topset beds within the ice-channel-filling feeder, indicates that the 
deltaic depositional environment extended into the channel between walls of "stagnant 
ice. The altitudes of the delta topset-foreset contact in the channel and the top of the 
surface of the deposit indicate that the lake level in the channel filling was at the same 
level to which the rest of the "Lougee delta" was graded, thus showing that deltaic 
sediments filled an ice channel that extended to till or bedrock at its base. Furthermore, 
the continuity and noncollapsed topography of the proximal part of the delta indicate 
continuous progradational sedimentation of the upper part of the delta southward from 
the ice-channel mouth to the lobate margin of the delta. 

THE QUINNIPIAC VALLEY TERRACE 

Like other meltwater terraces in the State, this terrace deposit was laid down by 
distal meltwater that eroded and reworked slightly older, more proximally deposited 
sediments. The Quinnipiac valley terrace deposit is unique because of its extent, 
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continuity, and composition distinct from the deposits that it overlies. The terrace sands 
and gravels are a fluvial unit that extends through the lowland from Farmington, where 
the surface is at 215 ft in altitude, about 47 km (29 mi) southward to ''Torth Haven where 
the surface is at 35 ft. The deposit probably once extended farther south but has been 
removed by postglacial erosion. Presumably some of the material th..1t overlies lake­
bottom deposits of Lake Connecticut in Long Island Sound basin off New Haven is a 
continuation of the valley terrace deposit. 

The color of this deposit ranges from yellowish gray to light gray in its upper part; 
it approaches reddish gray where contaminated by reworked ice-contact sediments, most 
commonly in lower parts. The yellowish color of the valley terrace sediments is due to 
derivation in large part from the crystalline rocks of the Western Highland. The 
difference in color between the terrace deposit and the ice-contact sediments was 
recognized in early work by Dana (1875, p. 179-180), Flint (1934), and Lougee (1938). 
Krynine (1937) showed by heayy mineral analysis that the red or pink ice-contact deposits 
are characterized by a hornblende-kyanite ratio of >1.6 and a hornblende-garnet ratio 
> 1.0, and that their principal source was from local Mesozoic bedrock. The later 
generation of "buff" or yellow "ice-free" sediments where uncontaminated by reworked 
pink sediments is characterized by a hornblende-kyanite ratio of >9.0 and a hornblende­
garnet ratio of >4.5; the provenance for these is the crystalline rocks of the Farmington 
and Pequabuck drainage areas in the Western Highland. 

The Quinnipiac valley terrace slopes southward at 0.95-1.14 m/km (5-6 ft/mi). 
The fluvial gradient during deposition, however, was only 0.38-0.47 m/km (2-2.5 ft/mi), 
the greater present slope being a result of postglacial tilting. Evidence from elsewhere 
in southern New England (Koteff and Larsen, 1985) indicates that crustal rebound did not 
begin until well after deposition of the terrace deposits. 

Textures within the deposit vary both laterally and vertically but exhibit an 
overall decrease in grain-size downstream. In Farmington at the upstream end of the 
deposit, the average largest clast sizes are 10-14 cm long; at South Meriden the average 
largest clast size is about 5 cm long. Through the length of the Wallingford quadrangle, 
where the valley terrace deposits are most extensive, Porter (1960) showed a decrease in 
grain-size from fine pebbles and coarse sand at the north end of the quadrangle to 
medium sand at the south end, which is close to the southernmost present surface 
exposure of the deposit. 

The intemal structure reveals characteristic cut-and-fill stratification within 
horizontally layered fiuvial beds as is typical in braided-stream deposits. Cross-bedding 
indicates southward current directions (see Stops 5, 6, 7, 8, and 9). Thicknesses ranges 
from less than 1 m to as much as 10 m. The deposit is generally thickest in the middle of 
the valley and thins toward the margins. These sediments lie on an erosional surface 
which in the north half of the valley is cut into mostly deltaic deposits of Lake 
Farmington and Lake Southington. Here the lake deposits stand at higher altitudes than 
the terrace. South of the Quinnipiac Gorge, the valley terrace deposits unconformably 
overlie and bury most of the Lake Quinnipiac ice-marginal and lake-bottom sediments. 
Several past exposures of the unconformable contact between terrace sands and Lake 
Quinnipiac sediments provide evidence that the pre-terrace surface was subaerially 
exposed and underwent a period (however short) of colluviation, wind abrasion and fluvial 
erosion prior to the arrival of terrace sediments (Dana, 1875, p. 179-180, 419; Hartshorn 
and Schafer, 1965, p. 9-10; Flint, 1964, p. 25). Porter (1960, p. 15 and fig. 7) described 
from many exposures a lag gravel at the unconformable contact which he attributed to 
"the winnowing of fine sediment during a period of fluvial erosion prior to outwash 
sedimentation." A pebble gravel unit in similar stratigraphic position can be seen at Stop 
8 where it is clearly part of the terrace deposit. 

Meltwater erosion and reworking of the surface of Lake Quinnipiac deposits could 
have begun south of the Quinnipiac Gorge during the life of glacial Lake Southington. 
Meltwater that spilled from Lake Southington across the dam at the Gorge (possibly after 
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dropping in an 80-ft waterfall) could have begun the terracing process as soon as the 
level of Lake Quinnipiac had lowered enough to expose the iake bed. North of the Gorge, 
through the town of Southington, terrace deveiopment l;i.eg!m after Lake Southington 
drained; here early. erosion and reworking were accompliahed by meltwater that spilled 
from Lake Farmington. During the life of Lake Farmington, the Pequabuck and upper 
Farmington River drainages were deglaciated. These were the s<lurce areas for the 
crystalline-derived material that in large part comprises the Quinnipiac valley terrace · 
deposit. But until Lake Farmington drained, all sediment carried by the Pequabuck an(! 
upper Farmington meltwater streams was deposited in the lake as deltas and lake-bottom 
sediments. Only after Lake Farmington drained could the yellow crystalline-derived 
material be carried and deposited southward. Crystalline-derived material, mixed· with 
varying amounts of reworked older, red or pink sediments was deposited along the 
entrenched terrace surface through the Lake Southington deposits. It was carried 
through the Quinnipiac Gorge and out onto the surface of the Lake Quinnipiac deposits •. 
In the southern Quinnipiac valley, deeper cuts in the terrace deposit commonly show a 
high proportion of reworked red material at depth (Stop 7). 

The surface of the Quinnipiac valley terrace appears to be a depositional surface 
rather than an erosional one. Regional mapping and correlation do not support the idea 
(Flint, 1964, 1965) .that the valley terrace deposit is but an erosional remnant of a once 
more extensive and greatly thicker deposit. 

POSTGLACIAL DEPOSrfS 

Postglacial degradation of the glacial deposits in the Quinnipiac-Farmington 
lowland probably began soon after abandonment of this valley as a meltwater 
drainageway, perhaps about 17 ,000 radiocarbon years ago. Thin stream terrace deposits 
(fig. 2, unit st) along the Quinnipiac River are remnants of early, shallow entrenchment. 
These terraces are most extensive south of the Quinnipiac Gorge through the Wallingford 
quadrangle. Here the stream terrace consists of non-paired terraces l>roduced by a 
meandering stream (Porter, 1960), cut mostly into the Quinnipiac valley meltwater 
terrace surface. The stream terrace surfaces are thinly veneered with commonly 0.3-0.6 
m (1-2 ft), rarely 1.2-1.5 m (4-5 ft) of principally sand composed of reworked red and 
yellow sediments (Porter, 1960). In some places the stream terrace sediments overlie the 
meltwater terrace sediments. In other places the base of stream terrace deposits is 
slightly lower in altitude than the base of the valley terrace outwash (fig. 8), indicating 
that the stream terrace entrenchment cut slightly deeper into the surface of the glacial 
lake clay than did the meltwater terrace entrenchment. The deep erosional trench cut 
into the Quinnipiac clay probably also dates from early in postglacial history; it is now 
filled with alluvial and estuarine sediments (fig. 2, units a, sm). From the profile (fig. Sa) 
it appears that base level for the entrenched channel beneath the present flood-plain 
alluvium was the bedrock surface, at about -40 ft (-13 m) MSL in altitude beneath the 
present Quinnipiac River east of Fair Haven. The stream terrace segments and 
Quinnipiac valley terrace, by contrast, project to levels above present sea level at Fair 
Haven. The base level for these terraces was probably a somewhat lowered level of Lake 
Connecticut in Long Island Sound basin. 

The floodplain alluvium consists mainly of sand and silt, moderate brown to dark 
reddish brown in color. In the clay pit (Stop 4), the sandy alluvium is light gray in color. 
In the upper Quinnipiac valley the alluvium is generally less than 3 m (10 ft) in 
thickness. In the southern part of the valley, thickness of alluvial and esturine deposits is 
as much as 7.6 m (25 ft) in some' places. Much organic plant material including logs and 
tree stumps, some of which were in growth position (R. W. Brown, in Flint, 1930, p. 263-
266) occur in the alluvium in the southern part of the valley. In the clay pit (Stop 4) a log 
within the alluvium was dated at 3560 t 80 years B.P. and one from slightly lower in the 
section at 6810 :I: 170 years B.P. (Bloom and Stuiver, 1963). Older alluvial sediments may 
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be preserved locally. 
Estuarine silt and peat and salt-marsh peat overlie alluvium in the southern part 

of the Quinnipiac valley (Stop 4; fig. 2, unit sm; and fig. 8). These were deposited near 
sea level, and are probably younger than about 3,000 years B.P ., which is the time that 
the transgressing sea reached about -2.8 m in altitude (Bloom and Ellis, 1965, sea level 
curve p. 5). 

The sedge peat seen in the upper part of the Stop 4 exposure is a deposit of an 
estuarine freshwater marsh where cattail, sedge and reed grow to high-tide level in an 
estuarine environment of low salinity (Bloom and Ellis, 1965). Salt-marsh grasses occur 
only farther south in the valley. 

SUMMARY OF LATE QUATERNARY HISTORY 

The history of ice retreat and resultant meltwater drainage patterns through 
Connecticut has direct bearing on the sequence of deposits and position of the marine 
unconformity in the eastern and central parts of Long Island Sound. The thick sand and 
gravel deposit that conformably overlies the lake clay offshore from New Haven (fig. 5) 
in the central part of the Sound (fig. 4) is expectable in that meltwater-transported 
sediment reached Lake Connecticut during most of the time of ice-margin retreat 
through the Quinniplac-Farmington lowland until deglaciation of the gap at Tariffville. 
This time interval may have spanned at least a thousand radiocarbon years. These 
sediments could have derived initially from the deltas built into the lake (fig. 2, units Cn, 
Ce), slightly later from extensions of the Mill RI ver terrace deposits (fig. 2, unit mt), and 
still later from distal parts of the Quinnipiac valley terrace deposits (fig. 2, unit qt). The 
time interval for deposition of the Quinniplac valley terrace deposits is dependent upon 
the change from southward flow to northward flow at Farmington of the Farmington 
valley meltwater drainage. This seems most likely to have happened when the Tariff ville 
gap was deglaciated, since water levels would have dropped about 30.5 m (100 ft) at that 
time. It is possible, however, that northward diversion occurred later, which would allow 
a longer time for meltwater to bring sediment down the Quinnipiac-Farmington drainage 
route to Lake Connecticut. Meltwater continued to enter the upper Farmington River 
valley until the ice margin retreated into the Westfield River valley in Massachusetts. 

The sequence of deposits in the eastern part of the Sound is different than that in 
the central part south of New Haven probably because a major sediment trap, glacial 
Lake Hitchcock, existed in the Connecticut lowland during deglaciation and for a long 
time following deglaciation. Lake Hitchcock persisted possibly until about 10,000 years 
ago (Flint, 1956; see discussion in Stone and others, 1982). By the time that Lake 
Hitchcock drained, Lake Connecticut had lowered considerably, and at least in the 
eastern part of the basin, the lake-bottom deposits had undergone subaerial exposure, 
fluvial erosion, and marine transgression. The sea probably came into the eastern part of 
the basin about 12,000 to 13,000 years B.P., based on the adjusted sea-level curve 
(N eedell and Lewis, 1985). The complex sand and gravel deposit that lies on top of the 
marine unconformity offshore from the mouth of the Connecticut River in eastern Long 
Island Sound possibly is sediment that was derived. from the terracing and reworking of 
Lake Hitchcock deposits after that lake had drained and before vegetation had become 
established. A more certain interpretation of this complex deposit, however, awaits 
more detailed investigation. 

The provisional radiocarbon chronology of glacial and postglacial deposits in the 
southern New England-Long Island Sound area (Stone and Borns, in press) is based in part 
on dates from the organic fraction of both pre- and postglacial fine-grained elastic 
sediments. It is assumed that these whole-sediment dates accurately date the time of 
sediment deposition and that these dates are compatible with other dates obtained from 
macroscopic organic materials. 

Following retreat from the Roanoke Point (Sirkin, 1982) segment of the Harbor 
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Hill moraine, central north shore of Long Island (fig. 4), perhaps about 19,000 years B.P., 
lacustrine sediments began to accumulate in the eastern Long Island Sound basin of Lake 
Connecticut. Ice-margin retreat in western Long Island Sound caused probable rapid 
expansion of the glacial lake into.the western basin. Ice-margin positions associated with 
offshore moraines on the Norwalk and nearby Captain Islands are correlated generally 
with some of the onshore moraines of southeastern Connecticut (fig. 3, southernmost ice 
line). Further tentative correlation of these offshore moraines with ice recessional 
deposits in northern New Jersey that are younger than 18,570 ± 250 B.P. (Cotter and 
others, 1984) indicates a minimum age of these moraines of about 18,000 radiocarbon 
years B.P. A whole-sediment date of 17,950 ± 620 B.P. (Weiss, 1971) from 
glaciolacustrine sediments in the Hudson River channel north of the correlated moraines 
corroborates their minimum age. Deltas of Lake Connecticut along the Connecticut 
coast (fig. 4) are younger than the moraines; the New Haven delta is the youngest of 
these. Sediments of glacial Lake Quinnipiac including the varved Quinnipiac clay, and 
younger deltaic and lake bottom deposits of glacial lakes Southington and Farmington are 
older than about 17 ,000 radiocarbon years B.P. This age is suggested for deglaciation of 
west central Connecticut (fig. 3, northernmost ice line) and resultant abandonment of the 
southern Quinnipiac-Farmington lowland as a meltwater drainage route, by opening of 
the Tariffville gap. The Quinnipiac valley terrace and some of the stream terrace 
deposits are of about this age. Deep fluvial erosion into the Quinnipiac clay, succeeding 
alluvial sediment and some of the "stratified sand and gravel" overlying lake clay (fig. 4, 
fig. 5) in the central Long Island Sound basin are probably younger than about 16,000 
B.P. The age of the late Pleistocene-early Holocene marine transgression in eastern and 
western Long Island Sound basins is estimated from a regionally adjusted sea-level-rise 
curve for the last 16,000 years (N eedell and Lewis, 1985; Oldale and O'Hara, 1980; and 
Dillon and Oldale, 1978). Transgression of the sea into eastern Long Island Sound basin 
probably took place 12,000-13,000 years B.P. and transgression across the Branford high 
(see earlier discussion) somewhat later. A date on peat of 10,200 ± 400 B.P. (Schaffel, 
1971) at -39.6 m MSL from a borehole in western Long Island Sound is the lowest of three 
dated submerged peats from that area (Newman, 1977); This date indicates marine 
transgression in the western part of the Sound at -39.6 m MSL. Lower parts of some of 
the drowned floodplain alluvial deposits in the Quinnipiac River estuary are only a few 
thousand years old. The brackish water peat that caps the lower floodplain is related to 
the limit of the latest transgressive on-lap of the last 2000 years. 
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FIELD TRIP STOPS 

Although extensive exposures of surficial sediments are rare at present in the New 
Haven-Meriden urban area, small and reexcavated exposures show important 
sedimentologic .and stratigraphic det_ails. The field trip stops (fig. 2) are arranged in 
south-to-north order and reflect a general oldest-to-youngest depositional chronology of 
the ice-marginal glacial deposits. Almost all stops are on private property and 
permission should be obtained before visiting them. Stops are in the following 
quadrangles, which are covered by U.S. Geological Survey topographic maps (scale 
1:24,000, contour interval 10 ft): New Haven, Branford, Wallingford, Meriden, and 
Southington. The Mount Carmel quadrangle is useful for travel between stops. 
References for published surficial geologic quadrangle maps for these quadrangles are: 
Flint (1965), Flint (1964), Porter (1960), Hanshaw (1962), and La Sala (1961), respectively. 

ASSEMBLY POINT. East Rock Park, monument at East Rock, altitude 360 ft, city of 
New Haven, New Haven quadrangle. From State Street, 0.6 mi (1 km) north of the New 
Haven-Hamden town line, entrance to north end of park is reached by turning west onto 
Ridge Road, thence proceed 0.35 mi (0.6 km) to light at intersection with Davis Street. 
Turn left (west) onto Davis and proceed 0.1 mi (0.15 km) to park entrance on left. 
Winding park road leads to monument at crest of East Rock. 

From this vantage point the Long island Sound glacial lake basin and the north 
shore of Long Island can be seen to the south. To the southwest, smooth crests of south 
to southwest-trending drumlins at altitudes as high as 350 ft and which lie on the 
irregular crystalline bedrock surface west of the Mesozoic lowland can be seen. The 
broad New Haven delta plain, at about 45 ft altitude in downtown New Haven and which 
was graded to the glacial lake in Long island Sound (glacial Lake Connecticut of this 
report), extends from west of Yale Bowl (seen to the west) to Fair Haven (seen to the 
south-southeast). The western scarp of the Mill River meltwater terrace that is incised 
into the New Haven delta plain is just behind the row of three churches on the green in 
downtown New Haven. To the east and northeast, the extensive salt and freshwater 
marshes of the Quinnipiac valley are dotted by ponds that fill abandoned brickyard pits in 
the Quinnipiac clay. The Fair Haven part of the New Haven delta overlies a deep 
bedrock valley. The Quinnipiac River flows between the eastern valley wall and this part 
of the New Haven delta; the original extent of the delta at Fair Haven dammed glacial 
meltwater in the Quinnipiac basin to the north, thus impounding glacial Lake Quinnipiac. 

Striations and grooves preserved in the glacially polished diabase on top of East 
Rock record southwesterly ice flow. Thirty-six feet northwest of the stone block wall 
that is west of the monument, grooves 1-2 cm wide and 20 cm long trend S.19°W. Thirty 
feet further northwest, grooves 1-2 cm wide and 30 cm long trend S.32°W. 

STOP 1. Till cut behind Elm City Subaru, town of Woodbridge, New Haven quadrangle. 
Cut is behind auto dealership, on west side of Amity Road, State Route 63; 0.4 mi (.64 
km) north of Wilbur Cross Parkway, just west of Interchange 59. 

This cut exposes superposed distinctive facies of the stratigraphically separate 
two tills of southern New England (Schafer and Hartshorn, 1965). It is not a typical two­
till cut, however, in that the upper till of late Wisconsinan age is reddish brown, which 
contrasts with the gray color of the lower, older till. The upper till contains a red matrix 
and clasts derived from early Mesozoic rocks. This locality is just west of the western 
border of the Mesozoic rocks; bedrock beneath the cut is schist and greenstone of the 
upper part of Maltby Lakes Metavolcanics, and Wepawaug Schist lies a short distance to 
the northwest (Rodgers, 1985). Red New Haven Arkose of Triassic age lies to the east 
and northeast; intrusive diabase of prominent West Rock Ridge is conspicuous across the 
West River valley east of the cut. Thus the red matrix of upper till derives from 
southwesterly ice flow on the western side of the Connecticut valley ice lobe. 
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The cut shows: 1-2.5 m of sandy, stoney, reddish brown upper till, fairly compact 
with abundant diabase boulders, many of which are striated. Upper till overlies as much 
as 6 m of olive gray, silty, lower till with relatively few stones in massive basal parts; 
distinctive flat-iron-shaped stones in the lower till are dark gray Wepawaug Schist. The 
contact between. the tills is highest in the middle of the cut and slopes down at both 
ends. At the south end of the cut, iron- and manganese-stained subhorizontal and 
subvertical surfaces bound angular, lenticular plates of gray lower till in the top half­
meter of that till. At the north end, the iron/manganese-stained horizon of the upper 
part of the lower till is not present. Between the two tills is a zone of laminated and 
thinly bedded sand, silt, and clay. This zone is less than 1 m thick in the middle of the 
face where irregularly laminated silt and elay are intermixed with subhorizontal, lens­
shaped blocks of gray lower till. Laminae of white fine-medium sand penetrate the 
included blocks of lower till. At the north end of the pit, the laminated zone is 0.5 m 
thick and contains fine sand beds 1 em or less thick, silt beds less than 0.5 cm thick, and 
clay laminae less than about 3 mm thick. These beds are contorted, and one thrust fault 
showed 5 cm of horizontal,. offset in a southerly direction. The origin of the deformed 
bedded zone between the two tills may be related to the zone of shearing, breceiation, 
and glacial dislocation at this stratigraphic position reported elsewhere in ·western 
Connecticut (Pessl and Schafer, 1968). 

STOP 2. Glacial grooves and crag and tail behind Amity Shopping Center, eity of New 
Haven, New Haven quadrangle. Exposure is behind southeast end of shopping center 
building, on west side of Amity Road at end of Sunset Drive, just north of Wilbur Cross 
Parkway. 

The glacially polished bedrock ledges are composed of fine-gr.ained greenschist of 
the lower unit of Maltby Lakes Metavolcanies (Rodgers, 1985), which contains prominent 
nodules of quartz and epidote. Striations, grooves, and unique tails behind nodular crags 
trend SS-lOW, oblique to the foliation. Some tails are as long as 2 m. 

STOP 3. Muddy River delta pit at Elm City Construction Co., near village of Montowese, 
town of North Haven, Branford quadrangle. Entrance to pit is off Montowese Ave., at 
end of small road that parallels north-bound entrance ramp at Interchange 9 of Interstate 
Route 91. Pit is north of railroad overpass, 2000 ft (610 m) north of Montowese Ave. 

This pit previously exposed crosscutting sets of foreset strata of the Muddy River 
delta (Flint, 1964, plate 4a, p. 43) of glacial Lake Quinnipiac. The original land surface 
at the pit probably was above 50 ft altitude. R. F. Flint's description and photograph of 
foreset strata were from an exposure now occupied by a pond at the north end of the 
property. A small exposure on the eastern side of the modern pit shows foreset strata as 
high as 30 ft altitude, as high as the surface of the adjacent rail yard. These foresets 
consist of coarse sand, and granule-pebble gravel beds, 0.5-15 cm thick, containing well­
rounded outsized pebbles and small-to-medium cobbles of diabase and red sandstone. 
Some beds are inversely graded. Beds dip as much as 34° to the west. East of the rail 
yard, gravel underlies the 50--ft plain, but in the early 1960's Flint (1964, p. 21) saw no 
delta topset beds in the large exposure in the area of the present pond. 

STOP 4. Pit in peat, alluvium and Quinnipiac clay at Hamden Building Salvage, Inc. 
(formerly Stiles Corporation clay pit of Bloom and Ellis, 1965, and Flint, 1965), town of 
Hamden, New Haven quadrangle. Entrance to pit is at 2891 State Street, 0.7 mi (1.1 km) 
south of Sackett Point Road intersection. Pit is south of old brickyard buildings east of 
the railroad. 

The top of the Quinnipiac clay lies just below the standing water level in the clay 
pit at the time of this writing. The water must be pumped from the pit before the clay 
can be seen in place, however current excavation of clay below the water level has 
brought up partial sections of varved clay. About 6.5 m of Holocene alluvial and 
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estuarine sediments disconformably overlie the clay and these are well exposed in the 
present pit. A composite stratigraphic section, culled from the present exposure and 
from sections seen previously in this pit (Bloom and Ellis, 1965; Hartshorn and Schafer, 
1965) and a section from the pit immediately to the north (R. W. Brown, in Flint, 1930, p. 
263-266) is given. 

Thickness (m) Description of units 

1-5.1 Sedge peat; brown, compact, containing abundant fragments of cattail 
(Typha) and reed (Phragmites); black peat is locally at the surface, and gray 
muddy peat or peaty mud grades down to brown muddy peat. Plant remains 
include: grasses, leaves of deciduous trees, hickory nuts, beech nuts, and 
butternuts. The peat has been compacted by the overlying earthen dike. 

-Sharp contact-

0.3-1 Sandy silt, gray, containing twigs, nuts, leaves, ~d logs; probable fluvial 
overbank deposit; a log from top of silt yielded a C date of 3560 ±SO B.P. 
(Y-1077). 

-Gradational contact-

1-4 Medium to coarse sand, wen-sorted, light gray, cross-bedded; contains thin 
beds of dark gra)( fine sand and silt with organic matter, and twigs and logs; 
a log yielded a 1~c date of 6810 ± 170 B.P. (Y-843); base of unit contains 0.5 
m of coarse to very coarse sand, granule gravel and small pebbles. 

-Dis conformity-

4.5 Silt and clay, red, rhythmically laminated in alternating silt and clay layers, 
probable varve couplets; leaves of tundra plants reported in upper part of 
clay. This is the Quinnipiac clay of this report. 

In the abandoned pit immediately to the north, Antevs (192S) measured 179 varve 
couplets in the top 13 ft (4 m) of the clay (varves average 2.21 cm thick). Below a thin 
disturbed zone he measured an additional 33 varves in 2.66 ft (O.Sl m) (varves average 
2.46 cm thick). Nearby subsurface data indicate that the total thickness of fine-grained 

. lacustrine sediment in the vicinity of the pit is 26-41 m (85-135 ft). The surface of the 
Quinnipiac clay in this pit is about 5-8 m lower than its surface beneath stream terrace 
deposits on the east and west sides of the valley. As shown on the profile (fig. Sa), 
erosion of the clay surface to this depth occurs only in the broad channel beneath the 
floodplain alluvium and saltmarsh deposits (fig. 2, units a and sm). This deep erosion is 
related to a lowering of base level in the lower valley after deposition of the stream 
terrace deposits. A previously described section (Hartshorn and Schafer, 1965) included a 
discontinuous unit of yellow and red sand and pebble gravel, suggested to be part of the 
Quinnipiac valley terrace outwash deposit. Correlation of this unit with the valley 
terrace outwash is questionable. As seen on the profile (fig. Sa), the base of the 
Quinnipiac valley outwash projects some 20 ft (6 m) above the -15 ft altitude of the 
coarse sand and pebble gravel at the base of the alluvium in the pit. The discontinuous 
unit of sand and pebble gravel is probably part of the alluvial deposit. 

STOP 5. Bruce's lee Pond cut at North Haven Industrial Park, town of North Haven, 
Branford quadrangle. Entrance to cut is north off Sackett Point Road on small dirt road 
just east of Interstate 91. Cut is 500 ft (152.4 m) southeast of Bruce's Ice Pond. 
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The cut exposes 3-5 m of Quinnipiac valley terrace deposits disconformably 
overlying 1.4 m of Quinnipiac clay. Laminated silt and clay at the base of the cut 
contains couplets 4-16 cm thick. Clay layers are 0.6-1.5 cm thick, and some display 
graded texture from darker, coarser-grained zone at the base to lighter, finer zone at 
top. Silt layers are planar microlaminated, and locally contain graded beds which fill 
shallow erosional scours. Massive silt, reddish brown (5YR4/3) and 0.9 m thick, overlies 
the clay. Laminated fine sand at the base of the silt is deformed by fluidization/load 
structures. The overlying coarse sand of the Quinnipiac valley terrace is light gray 
(2.5Y7/2) in dried areas and brown (7.5YR5/4) where moist. It is composed chiefly of 
subrounded clear quartz grains, some of which are stained with red or orange iron oxide. 
Other coarse sand grain constituents include red sandstone, black diabase, and mica­
schist rock fragments, and flakes of muscovite. Cross-beds are in 0.3-0.5-cm-thick sets 
which indicate southerly current flow directions. The upper two meters of the terrace 
deposit are oxidized to yellowish red (5YR4/6). The surface of the Quinnipiac valley 
terrace is above 30 ft altitude in the vicinity of the pit; the terrace extends only 0.5 mi 
south of the pit to where it has been truncated by subsequent alluvial entrenchment. 

STOP 6. Small cut at south end of abandoned Stiles Corporation claypit at North Haven; 
town of North Haven, Wallingford quadrangle. Turn west from Elm Street on Stoddard 
Ave., North Haven; access to cut is south off Stoddard Ave., past Plasticrete Corporation 
to south end of water-filled old claypit. 

The cut exposes less than a meter of postglacial stream-terrace sediment 
dlsconformably overlying about 2 meters of Quinnipiac valley meltwater terrace 
sediments. This section is: 

Thickness (m) Unit Description 

.5 

.5 

2 

Soil, red (2.5YR4/8-4/6), high chroma 

Medium-coarse sand and pebble gravel, light brown (7 .5YR6/4) to light 
yellowish brown (10YR6/4), in trough cross-beds 10-20 cm thick; also thin 
beds and lenses of pebble gravel containing indistinct horizontal bedding. 
Stream terrace deposit. 

-Disconformity-

Medium-coarse sand and few pebble gravel beds, light gray (2.5YR7/2), in 
trough and festoon cross-beds 20-40 cm thick; laterally interbedded with 
coarse sand, granule and small pebble gravel in a 0.9 m cross-bed set, reddish 
in color with high Mesozoic clast content. Valley terrace outwash, probably 
low in stratigraphic position where the Mesozoic clast content is higher than 
near the top. 

Lake-bottom sediment, 12-25 m thick in this vicinity, lies below the valley terrace 
outwaJh, At the former clay pit near this locale, Antevs (1928, loc. 128, p. 185-186) 
counted 56 varves in 14.5 ft (4.4 m) (average varve thickness 7 .89 cm). The lake-bottom 
sediment here was laid down in close proximity to deltaic deposits and this is reflected in 
the thickness of silt layers in the varves. 

STOP 7. Pit in Quinnipiac valley terrace deposit on the property of American Cyanamid 
Company near the village of Quinnipiac, town of Wallingford, Wallingford quadrangle. 
Pit is located 250 ft (76 m) north of Toelles Road and 1500 ft (460 m) southwest of the 
corner of American Cyanamid building. Access is through American Cyanamid, west off 
Rt. 5. 
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The fresh cut shows a good section of the Quinnipiac valley meltwater terrace 

deposit. The pit is cut into the 55-ft upper surface of the terrace. Within the exposed 4-
5 m (13-16 ft) of the deposit, a change in provenance of the valley terrace sediment is 
notable. Sand derived from crystalline rocks is dominant at the top of the section, where 
the color is tbe typical yellowish gray and where pebbles are mostly white quartz. In the 
middle of the section the color is light gray but more abundant red sandstone rock 
fragments impart a pinkish-gray cast. The color at the bottom of the section is much 
redder, and red sandstone pebbles and pink sand predominate. 

The deposit is overall a pebbly sand; cross-,bed sets are as thick as .8 m; some sets 
of large cross-beds have fiat basal contacts, indicating their origin as channel bars of 
positive relief. Pebble gravel occurs in 0.2-0.4 m-thick cross-bed sets. The thickest of 
these are in tabular sets in channel-bar deposits, 6 m wide obliquely and more than 3 m 
wide in cross-section view. Paleocurrent directions are southerly. The vertical 
succession of sedimentary features appears to be conformable through the exposed 
section; there is no edensi ve disconformity between the red and yellow-gray material. 

STOP 8. Pit behind Nutmeg Farms convenience store, 500 ft (152 m) northeast of 
Oakdale Summer Theater, town of Wallingford, Wallingford quadrangle. Cut is on west 
side of Turnpike Road South and immediately south of Cook Hill Road intersection. 

The pit exposes yellowish brown sand and pebble gravel of the Quinnipiac valley 
terrace outwash deposit which unconformably overlies collapsed reddish brown sand and 
gravel, which are ice-marginal deposits of glacial Lake Quinnipiac. 

The upper unit consists of about 2 m of pebbly sand, medium to coarse sand, and 
pebble gravel beds; cut-and-fill structure is present as well as tabular cross-beds as thick 
as 0.8 m that fill channels several meters wide. At the base of the yellowish crystalline­
derived material there is an erosional unconformity. In places on the west side of the cut 
a 20-25 cm-thick pebble gravel bed lies along the unconformity and is clearly part of the 
upper unit. Porter (1960) described the pebble gravel layer as a common unit between 
the base of distal outwash and the ice-contact sediments and called it a "lag gravel". 

The underlying reddish brown sand and gravel is collapsed, but probable foreset 
bedding including avalanche foreset beds can be seen. Rhythmically bedded fine-medium 
sand, coarse sand with granules, and clay beds are common. 

A section similar to this one about a mile south of here was described for the 1965 
INQUA fieldtrip (Hartshorn and Schafer, 1965). That section included a zone of joint 
blocks of basalt, 5-45 cm in diameter, resting on the unconformity. These blocks of 
basalt moved downslope from an outcrop 20 m to the west, and showed effects of wind 
abrasion. Their presence indicates that the surface of the ice-marginal deposits was 
subjected to a period of colluviation and wind abrasion before deposition of the distal 
outwash deposit. 

Sl'OP 9. Pit on west side of Meriden-Markham Municipal Airport, town of Wallingford, 
Meriden quadrangle. Access is by dirt road that turns west off Hanover Street near 
power line, 1.3 mi (2 km) south of junction (as Evansville Avenue) with Main Street 
(Connecticut Route 70) in South Meriden. Pit is just west of the landing strip and north 
of a small stream. 

The pit exposes two glaciofiuvial units. The lower unit is non-collapsed, reddish­
brown pebble-cobble gravel, mostly In horizontal planar beds 10-20 cm thick. Stones are 
imbricated; crossbeds occur in 20-cm sets. The upper unit is outwash of the Quinnipiac 
valley meltwater terrace deposit and consists of 1.5 m of yellowish-gray, pebbly coarse 
sand containing tangential crossbeds in 10-20 cm sets. Stone counts in these units shows 
yellow sand - 6496 crystalline clasts, 3496 Triassic-Jurassic sedimentary clasts, and 296 
Triassic-Jurassic basalt clasts; red-brown gravel - 1496 crystalline clasts, 4896 Triassic­
Jurassic sedimentary clasts, and 3896 Triassic-Jurassic basalt clasts. 
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The ice margin probably stood in the vicinity of the Hanging Hills in Meriden when 
the lower gravel was deposited (fig. 2). Gravel deposits in Sodom Brook valley coarsen 
northward and are cobble and boulder gravel near Beaver Pond. Base level for this unit 
was probably glacial Lake Quinnipiac to the south, and deltaic parts may occur in this 
area. · Lake Quinnipiac varved silt and clay underlie these fluvial units from here 
southward. 

STOP 10. Pit in ice-channel filling at the west end of the Quinnipiac Gorge, Cheshire, 
Meriden quadrangle. Entrance to pit is on south side of Cheshire Road (State Route 70) 
north of Broad Brook Reservoir. 

This gravel pit is cut into the "feeder esker" of an ice-marginal delta, built into a 
small lake impounded in the north-draining Broad Brook valley (fig. 2). Hanshaw (1962) 
showed the esker as map unit Qic and the delta as unit Qld. Figure 9 shows part of this 
map. This large unit of related ice-channel fillings extends north of the pit and adjacent 
Quinnipiac River to hillslopes north of the Quinnipiac Gorge. The highest parts of the 
unit attain 230 ft altitude. Because of its position, altitude, and coarse grain size, this 
deposit of ice-channel fillings and related blocks of stagnant ice may have contributed to 
the blockage at the Quinnipiac Gorge that impounded glacial Lake Southington to the 
north (La Sala, 1961). 

The pit is cut into the north end of an ice-channel filling or esker that is at 190 ft 
at the top of the pit. The crest of the ridge rises to 240 ft altitude at the proximal part 
of an ice-marginal delta to the south (fig. 9). The pit exposes a large face that is parallel 
to the crest of the ridge, and lesser oblique faces. The gravel is composed dominantly of 
red Mesozoic sandstone; clasts are well rounded, not striated and some are nearly 
spherical. Overall, bedding has not been deformed by collapse, possibly indicative of 
valley-bottom, ice-tunnel deposition. Beds in the central core of the ridge are cobble 
gravel with abundant sandy matrix, indistinctly bedded, and containing outsized small 
boulders _throughout; sand beds are a minor constituent. Sediments in lateral positions in 
the ridge include indistinctly bedded pebble and cobble beds, 0.1-0.3 m thick, and cross­
beds in 0.2-0.5 m sets. Depositional processes have sorted this sediment into coarse sand 
to medium cobble gravel. No boulders are included; large boulders on the sides of the 
ridge are probably derived from ice or upper-core ridge slopes. 

STOP 11. "Lougee delta" of Lake Southington, town of Cheshire, Southington 
quadrangle. Small exposures in the top of the delta and in upper foreset strata are open 
from time to time in areas off East Johnson Ave. (fig. 10). Deep cuts in the ice-contact 
head of the delta are now graded along State Route 66 (hachured lines); an old pit in the 
ice channel can be reached via the small residential street east of the channel filling • 

The original morphology of the "Lougee delta" is shown by Lougee's (1938) 
topographic map and modern maps of adjacent areas (fig. 10). Small pits in the 
distributary lobes south and north of East Johnson Ave. show steeply inclined coarse 
sandy delta-foreset strata, with subordinate beds of climbing-ripple cross-laminations. 
Shallow surface excavations in the fluvial plain of the delta yield enough stones to 
measure for clast-size study. Some morphologic details have been preserved in the ice 
contact next to the Route 56 corridor, and some large cobbles and small boulders 
indicate the size of the coarsest stones in the proglacial streams next to the ice 
contact. Coarse cobble-boulder gravel can still be seen in the old pit in the ice-channel 
filling. A sand pit in the 200-205-ft flat-topped hill 200 m west of the bend in the ice­
channel filling shows gravel topset beds overlying sandy delta-foreset beds. 

STOP 12. Pit in 200-ft altitude hill just east of "Lougee delta", County Wide 
Construction Co. pit, town of Cheshire, Southington and Meriden quadrangles. Entrance 
to pit is north from East Johnson Ave. 0.3 mi west of junction with Cheshire Street. 
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On the 1982 NmGc fieldtrip (Stone and others, 1982, Trip Ql, Stop 8) this pit 
showed an excellent oblique view of foreset beds dipping southwesterly. At that time, 
the face exposed gravel-dominated foresets at the north end, interbedded sand and gravel 
strata in the middle part of the face, and sandy foresets at the distal southern end of the 
pit. The exposure in 1985 is about 20-30 m west of the 1982 exposure, providing us with 
a chance to compare some of the three-dimensional details of the beds. Also, the 
present exposure extends to the ice contact at the north end, where no backset beds are 
seen. In recent visits to the pit, no fiowtills or other matrix-supported diamict sediments 
were seen. 

This deltaic deposit is probably the same age as the "Lougee delta"; the internal 
features of the "Lougee delta" may be similar to those exposed in this pit. The small 
200-ft hill 100 m north of the ice contact of the County Wide pit deposit has recently 
been removed. Exposed in 1983, it was seen to be composed of sandy, ripple-dominated 
delta foresets and bottomsets, notably finer-grained than the section in the northern part 
of the County Wide pit. This small deposit to the north is therefore younger than the 
"Lougee delta" and the County Wide pit deposit. 

STOP 13. Proglacial delta of glacial Lake Southington, Mulberry Street near Plantsville, 
town of Southington, Southington and Meriden quadrangles. Entrance to pit is north off 
Mulberry Street, 0.5 mi (0.8 km) west of intersection with Old Turnpike Road. 

The pit exposes the upper part of a distributary lobe of another ice-marginal delta 
of Lake Southington. R. J. Lougee (1938) obtained a topset-foreset contact altitude of 
196 ft in another delta 1 km to the west. The delta is one of two that were included by 
La Sala (1961) in his map unit Qkdi.o· The delta extends from the 200-ft surface at its 
lobate margin at the pit to its feeding ice-channel filling to the north, which attains an 
altitude of just over 220'. Exposures in the ice-channel filling at its point of attachment 
to the delta reveal delta-foreset beds of gravel and sand. Thus, the continuity of the 
delta-topset plain with the ice-channel filling and the internal structures indicate that 
delta-foreset and topset beds prograded outward from a till- or bedrock-floored channel 
between blocks of stagnant ice. 

At the north end of the pit 1.5 m of pebbly sand topset beds are chiefly trough-­
filling cross-beds, exposed in cross- and longitudinal section. The erosional base of the 
topset sequence is remarkably straight and horizonal in the pit walls. Proximal upper 
foresets in the north end of the pit consist chiefly of avalanche sets of pebbly sand and 
fine gravel beds that dip es much es 32°. Dip direction is southerly though laterally 
variable. Distal foreset strata at the south end of the pit include silty beds over sandy 
beds. Bedim entary structures are planar beds, soil tary and climbing-ripple cross­
laminations, local regress! ve ripple laminae, and draped laminae. Clayey silt laminae in 
the upper 1 m of the section are deformed in fluidization/load structures, possibly 
related to near-surface dewatering of the loose sediments on the front of the distributary 
lobe. 
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MORPHOLOGY OF COASTAL MARSHES, SOUTHERN CONNECTICUT 

Arthur L, Bloom, Department of Geological Sciences, Snee Hall, 
Cornell University, Ithaca, NY 14853 

and 

Gretchen A. Young, Department of Civil Engineering, 
Massachus<>tts Institute of Technology, Cambridge, MA 02139 

(Pages C-7-1 to C-7-6 of this field trip guide are reprinted from 
Bloom, A.L. and Ellis, c.w., Jr., 1965, Postglacial Stratigraphy and 
Morphology of Coastal Connecticut: State Geological and Natural History 
Survey of Connecticut Guidebook No. 1). 

PALUDAL STRATIGRAPHY AND MORPHOLOGY 

Introduction 
There were before human intervention an estimated 43 

sq. mi. of tidal marsh along the 98-mi. straight-line length 
of the Connecticut coast. In the last decades B.P. (before 
physics) some work had been done on rhe paludal stratig· 
raphy and morphology, but no regional study had been 
attempted. Brown (1930) described a section in a now­
Jlooded day pit near North Haven and discussed its signifi­
cance. Knight ( 1934) described a small marsh in Branford 
that "revealed a section preserving the hitherto uruec:orded 
early stages of a New England salt marsh developed in ac­
cordance with Shaler's classic theory, coupled with later 
stages developed in accordance with the theory Jim pro-­
posed hy Mudge and later reproposed and elaborated hy 
Davis." 

In 1960, encouraged by preliminary work and the reports 
of Brown and Knight~ a systemaric study -0f the Conneccicut 
coastal marshes was begun, by Bloom. The initial goal was 
to collect sufficient sampJes for radiocarbon dating so that 
the age and rate of postgJacia1 submergence could be deter­
mined. Field work was supported in part during 1960 by 
the (:0nnecticut GeoJog.i.cai an<l Natural History Survey, 
and since 1960 by the Office of Naval Research, Project 
NR 388-065. Since the initial goal was achieved (Bloom 
and Stuiver, 1963) the project has been modified tu include 
reseaich on sedimentation rates and shore!!ne erosion of 
the coastal marshes. 

\,))nsideratlon of the relationship berween seditnentation 
and submergence pervades the interprerarion of the Con~ 
necticut coastal marsh environment. Three signifiaint pa~ 
ludal environments can be distinguished, wherein the in­
teraction of the two variables has produced three distinct 
stratigraphic records. 

(a) The ertua1'ine "fresh-water)} ntarsh. Where a suffi­
<:iendy large river enters an estuarine n1arsb, the faH and 
rise of the tide causes alternate accelerated stream flow and 
slack water. The sa1iniry is low, but the nutrient content of 
the water is apparently high. A dense growth of Typhn 
(cattail), PhragmiteJ (reed), and Sc;,.p,,s (bulrush), com­
monly more than 6 ft tall, characterJzes this environment. 
Harshberger (in Nichols, 1920, p. 540) likened these 
marshes to the British "fens." Production and -accumulation 

of organic debris has kept pace with submergence) and a 
thick layer of sedge peat has been built up to the local 
high-tide level in the marsh. 

(b) The former deep (9-50 /I) bay or lagoon. During 
rapid submergence, until about 3,000 years ago, the sea 
transgr<'SSed into coastal valleys and produced bays or la­
goons. In an environment of generally low wave energy· 
and low sediment supply, early submergence exceeded. the 
rate of sedimentation; and open water of near-normal sa• 
Hnlry persisted in the embayments. However> during the 
last 3,000 years submergence has been slow enough to be 
equaled by the sedimentation rate> and salt marshes have 
lilied former hays and lagoons. A rypical srratigraphic sec· 
tion of these salt n1arshes js composed of a veneer of .rnuddy 
sale-marsh pear, 9 ft or less in th.icknes:s, overlying a thick 
wedge of mud that has an open· bay lauua. Below rhe mud 
in many marshes tl1ere is a thin layer of sedge peat in sharp 
contact with the substratum, This peat represents the fringe 
of "fresh-water" nIShes and reeds that grew at the trans­
gressing shoreline. 

(c) The .<hallow (len than 9 ft) codStal marrh. A coastal 
embaymenr less rhan 9 ft deep below present high-tide level 
was not affecred by submergence prior to 3,000 years ago. 
Many of the shallow marshes are on submerged coastal 
lowlands, especially outwash pJains, which continue their 
gentle seaward slope up to a mile beyond. rhe high-water 
line. Many of these low-relief areas were marshy even before 
submergence raised the water table. The vegetation on these 
marshes is zoned landward from salt marsh through belts 
of progressively lower salinity tolerance to either normal 
upland vegetation or fresh-water marsh. The stratigraphy 
of a shallow marsh is similar to that ol the upper 9 fr of a 
salt marsh in a for1ner deep bay, except that lenses and 
tongues: of sedge peat complexly alternate with salt-marsh 
peat. The alternations reflect !:ihifts of vegetation belts across 
the marsh as seasons of abnormal high tides or excessive 
fresh~water runoff djsplaced the zone of salt marsh respec­
tively landward or seaward. Deeper parts of the marsh ap­
parently represent former topographic basins that filled with 
sedge peat as a result of the rising ground-water table prior 
to marine inundation. A normal upland soil profile on 
glacial drift commonly underlies a shallow coastal marsh. 

lb.tee marshes (Jig. I) have been chosen to reptesent 
the three paludal environments outlined. 
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Quinnipiac Valley, Hamden - an estuarine 
"fresh-water" marsh 

Excellent exposures of late-glacial and postgladal deposits 
!iave been available for many years in the brickyard day 
pits of the Quinnipiac VaHey, near New Haven. The section 
described by Brown ( 1930, p. 263-266) was obtained from 
a now-flooded pit north of the Stiles Corporation brickyard. 
However, a similar section (Jig. 2) is currently exposed in 
the pit south of the brickyard. 

High-tide rnanh swtoce 

Brown, compact sedoa peot 
with obund. tropents or 
Imt!g_ end Phraqro1t11. 
( Gray muddy Jenae•• 
channel 1lllin9& ? ) 

Gr(ly,sondy slit. Abund. 1091. etc. 

Gray,well torted 1 crus-attotlfied, 
tond with abund, 109•. eh;. 

UNCONFORMITY 
Red, rhythmicalty laminated cloy and tilt, 

Fig. 2. Generalized stratigraphy ol the Stiles Corporation clay pit, 
Hamden, Connecticut 

The postglacial stratigraphy of the Quinnipioc Valley be­
gins at the erosional unconformity between underlying 
glacial deposits and overlying alluvium. An episode of 
stream erosion to a lower-than~present base level followed 
deposition of the late-glacial lacustrine New Haven Clay. 
Erosion was foilo.wed or accompanied by fluviatile deposi­
tton of cross-.strat1fied sand and gravel. In other parts -of the 
Quinnipiac Valley yellowish-gray outwash unconformably 
over!Jes the channeled upper surface of the New Haven 
Cla~ (Portet, 1960, P·. 18): The alluviwn in the Stil<is clay 
pit 1s not outwash, as lS evtdenced by (l) the arkosic com­
position of the alluvium, ( 2) the dominantly hard,;,ood 
composition of the enclosed logs and leaf mat> and ( 3) a 
radiocarbon age of 6810 ± 170 years B.P. tor' a log from 
the alluvium (Y -843). Postglacial erosion in the southern 
end of the Quinnipiac Valley apparently not only removed 
the outwash that formed the final glacial deposit of the 
valley, but cut into the underlying reddish, arkose-derived 
ice·contaet stratified drift and lacustrine day and sik 'This 
unrunforrnity represents a hiatus of approximately 6 000-
7,000 years prior ro 6800 B.P, ' 

The basal alluvium of the postglacial secrion exposed in 
the Stiles C.orporation clay pit grades upward imo gray 
sandy silt of questionable origin. The silt represents the loss 
of former stream transportjng power. It is a slack~water 
deposit but whether it is a fresh-, brackish~> or salt-water 
deposit has not been determined. Foraminifera or sponge 
spi~1-.Jes are not present. The silt oontains abundant logs, 
twigs, nutS! and leaf trash of species similar to those pre~ 
served in the underlying alluvium. A log from the top of 
the silt was tadiocarbon dated at 3560 ± SO years B.P. 
(Y-1077). 
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Bt"Own sedge peat, 12 to 17 fr thick and similar to that 
which is presently a~mulating on the marsh surface, im­
mediately overlie• the silt. The nature of the contact indi­
cates an abrupt change in the depositional environmenc 
from the time of silt accumulation to the time of peat 
accumulation, although no erosional unconformity is ap­
parent. Old reporrs (Davis, 1913, p. 700; Brown, 1930, 
p. 265) described a "fore.5t soil" and tree stumps rooted in 
place beneath the peat of the Quinnipiac Valley, but no 
recent observers have verified these reports, At the Stiles 
Corporation clay pit) the transition from silt deposition to 
peat accumulation represents only a change in depositional 
environment without an interval of weathering and soil 
formation. This change took place shortly after 3560 RP. 
Stuce then, the Quinnipiac Valley has had its present ap· 
pearancet with a cattail, sedge, and reed marsh growing to 
high~tide level in an esn1arine envirOnment of low salinity. 
Salt~marsh grasses do not now enter the valley in significant 
quantity north of the railroad yards, 2 mi. south of the day 
pit. 

Depth measurements on the pit face life subject to error 
because of compaction of the clay-pit wall by an overlying 
earth dike. Figure 3 shows a section through the south face 
of the Stiles Corporation clay pit on June 16, 1962, shortly 
after the earth dike had been moved back for a new cut in 
the pit. A shallow sag pond parallel to the outer edge of 
the dike and tension cracks on the inner slope indicated 
that compaction was in progress. The peat at boring 1 had 
been compressed from an original thickness of 15.7 ft to 
13 ft, or ro about 83 percent of its original thickness. That 
much compaction was accomplished by earth fill abo\lt 12 
ft deep on the boring site for an estimated 2 months. At the 
pit face, where the dike is believed to have lain through 
the preceding winter, the compaction was to about 63 per­
cent of original peat thickness. To further complicate depth 
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measurements, so1ne "heave" or relaxation at the site of 
boring 1 seemed to have resulted from the removal of the 
dike. Vertical faults in the New Haven Clay, parallel to 
the pit face and upthtown on the pit side, suggested that 
both oompression under the load of the dike and subsequent 
relaxation also may take place in the underlying. silt-day 
rhythmites. Thus, the depths of radiocarbon-dated .:samples 
from the clay pit are not considered as reliable as"those of 
samples collected by coring undisnirbed marshes. 

Hamnwck River Marsh, Clinton a 
former deep bay or lagoon 

The Hammock River marsh in Clinton (fig. 4) has the 
appearance and stratigraphy typical of many Connecticut 
salt marshes. The surface is a thick mat of short, wiry salt~ 
niarsh grasses, especially Sf>arlma f>atem. Along the banks 
of channels, the taller salt thatch, S. alteroiflora, grows. 
Whereas Spartina patenr can tolerate only a brief wetting 
by salt water at normal high tide, S. alterniflora can tolerate 
submergence of its roots for 5 to 16 hours daily. The com­
bined effect of these two planes and similar species has been 
tO build and maintain the marsh surface very close to the 
local mean high-water level. 

(A tidal gate installed under the Hammock River bridge 
of Route 145 now inhibits the inflow of salt water to the 
northeastern part of this marsh, and reeds, shrubs, and weeds 
are rapidly desf.l'.oying the smooth beauty of the salt mea­
dow. The southwestern arm of the salt marsh is flooded by 
high tides through a drainage ditch extending through 
Hammock Point Beach to the southwest, and has not yet 
degenerated.) 

Prior m submergence, the Hammock River probably 
flowed west on a flood plain about 38 ft below the present 
marsh surface. A tributary valley sloped northeast toward 
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Fig. 3. Secrion th.rough south face of Stiles Corporation clay pit, Hamden, Connecticut 
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Fig. 4. Hammock River marsh anJ vicinity, Clituon, Connectitut 

the river along line of section A-A' (fig. 4). Figure) shows 
the stratigraphv of section A-A1

• The base of the section is 
the sand and gravel of the former valley floor, which had 
a northeastw·:-ird gradient of about one percent. 

As the sea transgressed ea.<;tward lnto the Hammock River 
valley, then southwestward into the tributary valley along the 
line of section, the shoreline was fringed by rushes and 
sedges. The basal unit of the stratii!raphic section is a layer 
of sedge peat that accumulated at the transgressing high-tide 

A 

e Artificial fill 

~ Salt-marsh muddy p•af 

Estuarine mud 

D Sedge peot 

E[il Sand and gravel 

O 2 4 6 8 10 hundred feet 

shoreline. The sedge peat is overlain by mud of a shallow 
open-bay environment. The mud contains an abundant shal­
low-water, muddy-bottom fauna of snails~ clams, and Fora­
minifera. Frances L. Parker ( 1962) personal communica­
tion) reporred the following notes on the Forarninifera of 
boring 15 of the section; 

The upper 8 samples (8 ft.) contain a marsh fauna, 
either tidal man;h or shaHow 1narsh pools, With sample 81 

a rather meager bay fauna appears. I wouJd guess that the 

20 

40 
feet 

A' 

Fig. 5. Cross section of the Hammock River tidal marsh, -Clinton, Connectfr:ut 
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water was probably shallow and conditions not too good 
for the Foramlnifera. In one or two sainples, there was 
evidence of soJution o! the eaco~ tests. The bay fauna is 
best developed at abOut samples 12~17. By bay, 1 don't 

, mean a nice big opefi b~y but rather some kind of semi­
end05cd bay, -probably with .saUni.ties somewhat lower 
rhan truly marine ones. 

Sedimentation in the Hammock River estuary or lagoon 
( c.he nature of .the embayment and the distribut:oo of for­

, 1ner barriCfs has not been determined) did not keep pace 
with submergen<te prior to 3,000 years ago, and open-water 
conditions persisted. However, when rhe rate of sub· 
mergence decreased about 3,000 years ago, mudflats built 
up to the mid-tide level and were populated by Spar:ffla 
altcrniflora. The mid-tide marsh that developed was an 
effic!en.t sedimenr __ trap, and in a short time the marsh s11r­
face had been built to high-tide level, where S. patenr and 
related species became established. The lowcr third of the 
"salt-marsh muddr peat'' of figure 5 consists of strawlike 

,·s .. altemiftora fragments in mud, whereas the upper two­
thirds consists of the fibrous toots of S. patenr and similar 
high-tide species. Submergence of about 9 ft during the 
3,000 years of marsh formation produced the thick section 
of peat detived from plants that Jive in a narrow vertical 
range neat high tide (the "Mudge-Davis"' type of salt 
marsh). 

The positions and radiocarboa ages of pear samples from 
the Hammock River marsh are shown in figure 5. Table 1 
is a list of radiocarbon-<lated samples from coastal Connecti­
cut (after Bloom and Smiver, 1%3, p. 333). The dates are 
plotted against sample depth in figure 6 (Bloom and 
Stuiver, 1963, p. 333) anCI a curve is drawn through the 
samples whose depths have not been affected by compac· 
tion. The most reliable samples used in preparing the sub­
mergence curve i.:ame from the base of the sedge peat fn 
the Hammock River marsh, where a nearly ·ideal combina· 
tion of permeable substratum and sloping valley floor pcr-

Table .1. hadiOOJrbon-dated samples from coastal Connecticut( 

Time (yeors B.P. xlo~3) 
II 10 9 8 7 S 5- 4 3 ·2 

9843 

2 

4 

50 
ro 

2()6~ 
7 

Z5. 

' 9 

!05l !O 
1-'?-/ 107' "'•• 91n?~-. ? .. 

/ 
4 12 

? / ~I 
-~~-"-~-~~~~~~-~~-~~ 

Pig. 6. Submergence of the Connecticut coast (Bloom and 
Stuiver, 1963). The line is rhe locus of a point now at mean sea 
level. 

mitred the accumulation of sedge peat only very near the 
high-water shoreline of the transgressing sea. The depth 
of these samples below the present high-tide marsh surface 
in rhe same embayment is an accurate measure of the re la· 
tive change of level since peat accumulation began. Samples 
collected from the top of the buried sedge-peat bed plot 
below the curve of submergence by an amount equal to the 
compaction of the peat. The displacement by compaction 
plus the present thickness of peat equals the original thick· 
ness> and the ratio of present ro original thickness can be 
calculated. The sedge-peat bed beneath the Hammock River 
marsh has been compacred to between 13 and 44 petcent of 
orignial rhickness. Older and deeper samples ( 6,130 yrs. ~ 
22 percent; 4,780 yrs. ~ 13 percent) show greater com­
paction. 

Deprh Age 
laboratory No. locality Sample (ft) (years before pcesent) 

--·--·--· ---~---·--·---·-----------·-

Y-840' Bt'anford Cedar root 2.7 ± 0.2 910 ± 120 
Y-843 North Haven Log 18.5 ± 1.0 6,810 ± 170 
Y-8552 Guilford Oak log 3.8 ± 0.2 1,180 ± 80 
Y-1054' East Norwalk Tree root 4.0 ± 0.2 1,400 ± 70 
Y-105)' Clinton Peaty sand 33.3 ± 0.4 7,060 ± 100 
Y-1056 Clinton Sedge peat 27.2 ± 0.3 4,780 ± 130 
Y-1057 Clinton Sedge peat 18.6 ± 0.3 3,540 ± 130 
Y-1058 Clinton Sedge peat 15.6 ± 0.3 3,450 ± 160 
Y-1059 Ointon Sedge peat 10.7 ± 0.3 1,280 ± 150 
Y-1074 Clinton Sedge peat 35.7 ± 0.4 6,130 ± 90 
Y-1077 North Haven Log 18.0 ± 0.5 3,560 ± 80 
Y-1175' CHnton Sedge peat 9.1 ± 0.6 3,020 ± 90 
Y-1176' Clinton Sedge peat 11.4 ± 0.1 3,220 ± 90 
Y-1177' Cli.nton Wood and bark 19.6 ± 0.5 4,880 ± 120 
Y-1178' Clinton Sedge peat 36.6 :.t 0.5 11,240 ± 160 

(combined) 37.7 ± 0,3 
Y-1179 Westport Sedge peat 10.4 ± 0.4 2,710 ± 90 

··----~-------

1 Bloom and Stuiver, 1963, p. 333 
~Samples whose depth range does not require correction because of compaction 

C-7-5 

581 



582 
Chittenden Beach, Guilford - a shallow 

coastal marsh 
The small marsh at the back of Chittenden Beach formed 

on an outwash plain. The outwaSh appears. ro be thin, as 
numerous bedrock knobs protrude through 1t. The smooth 
profile offshore indicateS rhat the outwash plain form~rly 
extended ar least a mile seaward of the present shoreline. 
Whether or nor a barrier beach formerly protected the 
marsh has nor been determined. The present beach is under­
nourished, and .is little more than a fringe of sand and shells 
being "bulldozed" landward over the r;iarsh by storm :waves. 
The marsh in back of the eastern part of the beach 1s now 
only about half as wide as it was in 196{t 

It jg possible that the marsh formerly exten~ed thousands 
of feer seaward, and at irs outer edge a barrier beach ex~ 
tended from headland to headland. If so, the present marsh 
and beach remnants represent the final stage of landward 
retreat of a barrier beach across a filled lagoon. However, 
development of this marsh may not. have be~n the result 
of a protecting barrier, Former glac1al deposits, now sub­
merged or eroded> may have provided prote~don .for the 
early marsh, In that case, the present beach 1S only a ~e~ 
worked remnant of drift, rather than of a former barrier 
beach. As a third possibility, it may be that no more pro­
tection has ever been provided. for this marsh than it now 
has. Erosional retreat of r:he marsh edge has been at the rate 
of 10 ft or more per year since 1960, ~nd at least 2 ~o 3 ft 
per year during recent decades, according to Jocal residents; 
however~ these rates may not be typical of erosi~nal retreat 
during the several thousand years of marsh htStory. The 
widespread destruction of e~l~grass beds offshore in t~e 
early 1930s may have exposed this shoreline to more rapid 
erosion. Late spring storms of the past two ye~s have bee~ 
responsible in large part for the· recen,t ero~ton, b°;t the~r 
frequency in the past has not been 1nvest1gated tn this 
study. Furthermore, the submergence of the New York City 
tide gauge between 1893 and 1953 averaged 0.011 ft per 
year (Disney, 1955), about four times the average rate of 
submergence in Connecticut of 0.3 ft per century rhrough 
the last 3,000 years. If submergence has accelerated in the 
past cenrury. che effects would be most noticeable on ex­
posed peat shorelines such as Chittenden Beach. 

Some indications of a change in shoreline development 
at Chittenden Beach appeared in 1963. Formerly, the wav~­
cut intertidal peat cliff fronted on a barren tidal flat, but 1ll 
1963 a heavy growth of Spartina alteroiflora covered much 
of the flat, H this vegetation persists, it may trap enough 
sedj1nent from the river mouth and offshore to rebuild the 
marsh to h.igh-tide Jevel, leaving the present beach as a 
"chenier" across the marsh. Future years will determine the 
validity of this hypothesis. 

The stratigraphy of Chittenden Beach marsh has been 
studied by coring, and is aiso exposed in the wave-cut cliff 
at low tide. The pollen profile of a 270 cm (9 ft) core from 
a site now beneath the beach was prepared by Sears ( 1963, 
p. 59). Figure 7 is reproduced from his report. The oxidized 
peat zone at the base of the section probably represe~ts 
chemical activity by ground water from the underly1ng 
drift, but it could have paleoc1imatic significa~ce. The 
transition from underlying sedge peat to overlying salt~ 
marsh peat was 95 cm (3.1 ft) below the marsh surface. 
11te arboreal pollen content of the core shows a general 
shift upward from oak to pine and hemlock. Sears ( 1963, 
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Fig, 7. Pollen diagram of Unpottant indicators in the Guiliord, 

Connecticut, coastal marsh (Sears, 1963) 

p. 59) interpreted this as a. trend toward a cooler ~nd 
moister climate during the time of. marsh accumuiat1on. 
Superimposed ~··the climatic cha~ge .inferred f~om the 
arboreal pollen~are a series of reciprocal alternation~ be­
tween sedge and grass pollen. Sears ( 1963, p. 59) inter· 
preted these ~~current flucruations. as. showing a .J?Ulsating 
rather than steady rise of the water table d11r1ng sub­
mergence on the hypothesjs that "slight rises in the water 
table normally favor sedges at the expense of grasses,". How· 
ever in coastal marshes salt-marsh grasses normally dtsplace 
sedg~s during growing seasons of abnormally high tides, 
the reverse of Sears' hypothesis. Most of the sedge-to·grass 
fluctuations are recorded in the sedge-peat part of the core, 
but some are shown in the upper salt-marsh J)eat as well. 
Because the environment has been in delicate balance with 
several variables, climatic interpretation is nor easy, 

In rhe wave-cut cliff of peat, sedge peat is intetbedded 
w!th salt-marsh muddy peat. 'fhe best indicator of accumu­
Jation in a Iow-sa1injcy marsh is the djstinctive curved­
triangular culin of Sci-rpm maritimusi the common coastal 
bulrush. Fjbrous, wiry mats of roots represent growth of 
Spar#na patens and related high-salinity salt-marsh plants. 
An oak log from the base of the wave-cut bank at Chitten­
den Beach was 1,180 :±: 80 years old (Y-855). It came 
from a layer of black '"fresh-water" peat 115 cm ( 3.8 ft) 
below _present high tide, nearly at the contact with under­
lying sand. 

C-7-IJ 



l 
1 

l 
l 

I 
I 

l 

l 

Shoreline Erosion at Chittenden Beach, Guilford 

The shore zone of Chittenden Beach was plane-table surveyed at a scale 
of 1:240 (1 inch ~ 20 feet) in 1964, 1965, 1973, and 1983 (Bloom, 1967; 
Harrison, 1975; Young, 1985). The maps are too large for reproduction in 
the guidebook,· but will be available during the excursion. In 1965, the 
most extensive· recent erosion along the Connecticut coast was measured at 
Chittenden Beach, Guilford and at the Chaffinch Island shore immediately 
west of Chittenden Beach across the mouth of West River. From aerial 
photographs, the measured erosion at the center of the Chittenden: Beach 
marsh had been 55 m between 1949 and 1965. Most of the erosion took place 
before the surmner of 1962. 

During the "Great Atlantic Storm" of March, 1962, the sand beach ridge 
at Chittenden Beach was thrown back onto the marsh surface 15 to 30 m 
behind a wave-cut peat bank in the intertidal zone. Compact ion has lowered 
the overridden peat so that high spring tides still reach the foot of the 
beach ridge, but in general the beach became isolated from a sand supply 
and could be called a "chenier"." By 1965, the small tidal marsh behind 
Chittenden Beach had been narrowed to half its 1960 width by beach 
retreat. Erosion of the marsh edge may have been accelerated when the 
sucession of hurricanes between 1954 and 1960 pushed the beach excessively 
far inland and left the marsh exposed. Inadequate sediment supply has 
subsequently prevented a new protective beach from forming. Chittenden 
Beach is obviously undern_ourished (Bloom, 1967). 

In the relatively storm-free decade prior to 1973, new growth of S. 
alterniflora added 4000 m2 to the marsh area in the central part Of 
Chittenden Beach, While 800 m2 was eroded from the eastern and western 
margins (Harrison, 1975). The former wave-cut peat bank of the central 
beach became almost buried by new sediment trapped on the foreshore by S. 
alterniflora. ~ 

The 1983 survey showed several meters of progradat ion at the east end 
of the beach, where erosion had been dominant prevously. By contrast, the 
central beach area had retreated 10 to 20 m, and a new wave-cut scarp had 
formed. The pre-1965 scarp between the lower and higher levels of S. 
alterniflora marsh was no longer continuous, due to erosion on the upper 
marsh or possibly vertical accretion on the lower marsh surface in the 
previous decade. The western end of the shore zone had retreated more than 
any other part, by up to 20 m (Young, 1985). The west end of Chittenden 
Beach had been a river-side wharf in the last century, and stone-filled log 
cribbing had progressively protruded into the bay along the edge of West 
River as the beach eroded. Since 1973 the remnants of the old structure 
have been largely destroyed, but the mounds of cobbles are still obvious. 

After disappointing attempts in the early 1960's to convert Chittenden 
Beach into a recreational swimming area, the citizens of Guilford wisely 
dedicated the area for classes in nature study and shoreline biology. With 
this enlightened outlook, they can watch future changes with interest 
rather than concern. 
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Vertical Accretion at Hammock River March, Clinton 

Beginning in the swnmer of 1962, immediatell after the major storm 
in March of that year, marker beds of about l m were established on six 
selected Connecticut coastal marshes. Various materials have been used, 
but the most sucessful is the variously colored decorative "glitter" that 
is readily available in variety stores and stationers. Annual increments 
of glitter in contrasting colors were added to the marker beds from 1962 
through 1966 (Bloom, 1967), The annual vertical accretion of mud on the 
marsh surface is recorded by measuring the average separation of successive 
layers of glitter. Most of the sites were relocated and refurbished in 
1973 and 1974 by Harrison (1975) and again in 1983 by Young (1955). Young 
(1985) also resurveyed 12 similar marker beds on the shores of Long Island 
that had been established in 1974-1976. Her results are summarized in 
Table l. 

On the Hammock River marsh in Clinton (Figure 4, p. C-7-4) two marker 
beds were established in 1962. Both are near the bank of the Haunnock River 
but one (Hammock River east) is upstream of a tidal gate under the bridge 
at State Route 145, and the other (Hammock River west) is downsteam. The 
tidal gate is a "flapper" type, designed to open on a falling tide and 
drain the eastern part of the marsh, but to close on a rising tide and 
prevent most of the tidal flooding. Some tide water enters the eastern 
part of the marsh through drainage ditches that cross the marsh from the 
southwest, but full high-tide flooding is prevented unless the river gate 
is intentionally opened. As a result of the restricted tidal flooding, the 
former high-tide salt marsh east of the road was rapidly invaded by 
brackish-water plants, including Phragmites reed, upland weeds, and woody 
shrubs. West of the tidal gate the salt-marsh vegetation is a normal S. 
patens and Distichlis association. -

The Hammock River west marker bed was established in 1962 on an area 
of marsh that probably had been burned within the previous year. No 
decaying grass matted the surface of the mud. Vigorous new grass sprouted 
from the firm, level mud surface. When the 1963 marker layer of coal was 
spread, the 1962 layer was covered with only l to 2 mm of mud, plus some 
decaying grass debris that was not included in the thickness measurements 
(Figure 7). 

Figure 7. Vertical accretion, Hammock River west. 
(Young, 1985, Fig. 29). 
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