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INTRODUCT ION 

The Milton Quadrangle is underlain by Late 
Precambrian to Lower Ordovician elastic and carbonate 
rocks that record depositional and deformational events 
ranging from Late Precambrian to Mesozoic age. These 
rocks are part of an extensive belt that extends along 
the western edge of the Appalachian Mountains, and 
consist of immature rift elastic deposits which are 
overlain by a stable Cambrian and Ordovician 
continental shelf sequence (Zen, 1972). This sequence 
is made up of alternating carbonate and siliciclastic 
deposits which grade northeastward into shales, 
turbidites, and slump breccias of a deeper marine 
basin. 

The bedrock geology of the Milton Quadrangle is 
dominated by folds and thrusts of the Taconian age Dl 
deformation (P1.1). To the west, along the eastern 
shore of Lake Champlain, the base of the Lower Cambrian 
Dunham Formation lies on top of Middle Ordovician 
shales along the Champlain thrust. East of there, the 
Hinesburg - St. Albans synclinorium extends through the 
central part of the Milton Quadrangle and is bound to 
the east by the Hinesburg thrust and the Georgia Mt. 
anticline. The eastern half of the Milton area consists 
of highly deformed Late Precambrian (Z) to Lower 
Ordovician rocks that mark the transition from the 
western imbricated foreland to the hinterland of higher 
grade eugeoclinal rocks. 

PREVIOUS WORK 

The geology of the Milton Quadrangle has been 
studied extensively over the past forty years. The 
eastern part was first mapped by Booth (1950), who 
traced rocks of the Oak Hill Succession in Quebec 
(Clark, 1934) from the international border southward 
to Hlnesburg, Vermont. His study encompassed the 
stratigraphy of the Pinnacle through the Skeels Corners 
Formations, and delineated such major structural 
features as the Hinesburg and Arrowhead thrusts. 

Stone and Dennis (1964) mapped the Milton 
Quadrangle at a scale of 1:62,500, and recognized a 
northeastward transition from elastic and carbonate 
deposits into shales and associated breccias in the 
Cambrian sequence. They substantially modified the 
location of the Hinesburg thrust compared to Booths 
(1950) earlier work, and interpreted the Arrowhead 
thrust as a klippe of the Hinesburg thrust. Their 
interpretations are followed in the Vermont Bedrock 
Geologic Map (Doll and others, 1961). 

Figure 1 shows the field areas mapped by the 
contributing authors and other workers, which provide a 
basis for our new structural interpretation. Recent 
sedimentologic studies by Rahmanian (1981), Gregory 
(1982), and Mehrtens and others (1983), have 
concentrated on rocks of the western shelf sequence in 
the Milton and adjacent areas. Myrow (1983) studied 
the Cheshire Formation in the Bristol area, Vermont, 
providing a useful framework for interpretation of the 
Cheshire in the Milton area. 

STRATIGRAPHY 

The rocks in the Milton Quadrangle have been 
divided into four conformable sequences according to 
lithologic association, inferred depositional 
environment, and paleogeography. They are: 1) rift 
elastic and transitional sequence, 2) eastern shelf 
sequence, 3) eastern basinal sequence, and 4) western 
shelf sequence (Fig.2). 

The rift elastic and transitional sequence 
underlies the eastern part of the study area and 
consists of rocks belonging to the Late Precambrian 
Pinnacle and Fairfield Pond Formations. The eastern 
shelf sequence consists of eastern facies of the 
Cheshire and Dunham Formations, and represents the 
beginning of an ancient stable continental margin. The 
western shelf sequence contains alternating 
siliciclastic and carbonate deposits ranging from the 
Lower Cambrian Dunham Formation to the Lowor Ordovician 
Cutting Formation. The eastern basinal sequence is a 
northeastern lateral equivalent of the western shelf 
sequence. It consists of interbedded shaley dolomitic 
quartzites, carbonate breccias, and conglomerates that 
occur within widespread shales of the Lower Cambrian to 
Lower Ordovicjan Skeels Corners Formation. 

This study has concentrated on eastern facies 
of the Cheshire and Dunham Formations, as well as 
important lateral relationships between the western 
shelf and eastern basinal sequences (Fig.2). The 
following discussion will focus on these topics and 
their implications for an interpretation of the ancient 
depositional protolith. 

Rift Clastic and Transitional Sequence 

The rift elastic and transitional sequence 
consists of the Late Precambrian Pinnacle (CZp) and 
Fairfield Pond (CZfp) Formations. The Pinnacle, 
deBcribed by Carter (1979), is made up of immature 
boulder conglomerates, cross-bedded quartzites, the 
Tibbit Hill mafic volcanic rocks, and extensive 
phyllitic greywackes. These were deposited in active 
continental rift basins during initial separation of 
the proto-Atlantic sea (Tauvers, 1982). The Pinnacle 
occurs on the lower plate of the Hinesburg thrust in 
direct conformable contact with the overlying Cheshire 
Formation, and east of there on the upper plate where 
it is overlain by the Fairfield Pond phyllite. 

The Fairfield Pond Formation (Agnew, 1977; 
Carter, 1979) is a fine grained, dark green, chioritic 
phyllite which is transitional between the Pinnac).e 
rift elastics and the lower member of the Cheshire 
Formation. It is restricted to the upper plate of the 
Hinesburg thrust and is interpreted as an eastern 
distal equivalent of rocks at the Pinnacle - Cheshire 
transition to the west. 
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Eastern Basinot Sequence 

- 

The eastern basinal sequence occupies a 
central, north-trending belt in the Milton Quadrangle, 
and includes rocks of the Parker (Cpa), Rugg Brook 
(Crb), and Skeels Corners (o?Csk) Formations. The Rock 
Ledge Formation of Stone and Dennis (1964) is a 
limestone conglomerate which is redefined here as a 
discontinuous member within the Skeels Corners 
Formation (Figs. 2,3). 

The Parker and Rugg Brook Formations have been 
described by Howell (1939), Shaw (1958), and Stone and 
Dennis (1964). They occur at the base of the eastern 
basinal sequence, predominantly in the nothwestern part 
of the study area. The Parker and Rugg Brook are 
similar to and lateral equivalents of the base of the 
Skeels Corners Formation where it overlies the Dunham 
Formation (Figs.2,4). 

The Skeels Corners Formation is a thick, 
shaley, transgresslve unit that makes up most of the 
eastern basinal sequence in the Milton Quadrangle. It 
is composed largely of a black calcareous shale with 
thin limonitic and dolomitic sand beds that show 
sporadic grading. Other fades include locally abundant 
shaley dolomitic quartzites, lenticular beds of 
dolomite and limestone, sandy carbonate breccias (bs), 
and limestone conglomerates (bi) equivalent to and 
including the Rock Ledge member. 

The sandy carbonate breccia shows considerable 
compositional and textural variations. At map loc'ation 
33-H(P1.2-South) it occurs as a dolomitic quartzite 
containing sporadic sandy clasts and shale laminations. 
At Cobble Hill (P1.2-South, 28-0) it consists of 
angular dark gray micrite and scattered Epiphyton-rich 
micrite clasts floating in a light gray coarse sandy 
dolospar matrix (Mehrtens, 1983, personal 
co'nmunlcation) 

The limestone conglomerate is recognized by 
Stone and Dennis (1964) as the Rock Ledge Formation, 
and is designated in this report as the Rock Ledge 
Member. It typically contains angular to rounded clasts 
composed primarily of fine grained, light gray 
weathering micrite, with rare sandy limestone and 
calcareous shale clasts. These occur in a coarse, 
light-to-dark gray sandy limestone matrix which grades 
laterally into the surrounding shales. At Cobble Hill 
(P1.2-South, 28-0) the limestone conglomerate contains 
abundant clasts of Epiphyton-rich micrite along with 
scattered dolospar clasts in a fine grained 
dolomicrospar matrix (Mehrtens, 1983, personal 
communication) 

The Skeels Corners Formation is reinterpreted 
in this report to range in age from Lower Cambrian to 
Lower Ordovician (Fig.3). This age revision is based 
on exposures of the base of the Skeels Corners 
Formation, which conformably overlies the Lower 
Cambrian Dunham to the Lower Ordovician Clarendon 
Springs Formation. The critical outcrops are exposed 
west of Cobble Hill (P1.2-South, 27,28-C), where the 
Clarendon Springs grades upward through a normal 
depositional contact into the Skeels Corners Formation. 
Tnis contact was previously mapped as the Muddy Brook 
thrust by Stone and Dennis (1964). 

Western Shelf Sequence 

The western shelf sequence occurs in a wide 
belt in the Milton Quadrangle between the Champlain 
thrust and the eastern basinal sequence. It is thickest 
in the south where the Lower Cambrian Dunham Formation 
is overlain by a thick clastic and carbonate 
succession, which is capped by the Lower Ordovician 
Cutting Form5tion. This sequence thins progressively 
northward to West Georgia where the Monkton, Winooski, 
Danby, and Clarendon Springs Formations grade laterally 
into the shaley and conjioneratte etetern basinal 
sequence. The map pattern ml c,tes that the ancient  

shelf edge trends northwest through the study area, a 
trend which has been recognized by Rodgers (1969), 
Rahmanian (1981), and Mehrtens and others (1983). 

Mehrtens and others (1983) have shown that the 
Cambrian continental shelf consists of a continuous and 
gradational sequence of alternating siliciclastic and 
carbonate deposits. This cyclic sedimentation is 
thought to result from local basin subsidence combined 
with changes in eustatic sea level and supply of 
clastic material to the area. 

Interpretation 

Figure 4 is a block diagram showing important 
spacial and temporal relationships for the stratigraphy 
of the Milton Quadrangle. The western shelf sequence is 
thickest in the southwest corner, and grades laterally 
both to the north and east into the eastern basinal 
sequence. Eastern facies of the Cheshire and Dunham 
Formations extend significantly farther to the east 
than younger shelf deposits. 

The Late Precambrian rift clastics grade 
directly into the lower Cheshire Formation on the west 
flank of Wagner Hill. However, to the east the 
Fairfield Pond Phyllite occurs between the two as a 
distal fine grained transitional unit. In the west, at 
depth, the lower Cheshire is believed to directly 
overlie the Precambrian crystalline basement. 

The stratigraphic succession in the study area 
records continuous deposition adjacent to the ancient 
North American continent which lasted from Late 
Precambrian to Lower Ordovician time. This began with 
early continental normal faulting and deposition of 
ihanature rift clastics belonging to the Late 
Precambrian Pinnacle Formation. These are overlain by 
stable shelf deposits which make up a sequence of 
alternating siliciclastic and carbonate units. Quiet 
shelf sedimentation was initiated with the deposition 
of the Lower Cambrian Cheshire Formation, and continued 
into the Lower Ordovician Cutting Forniatiori. 

North and east of the carbonate shelf, 
calcareous shales, , carbonate breccias, and turbidites 
were deposited in a deep marine basin which persisted 
from Lower Cambrian to Lower Ordovician time. This is 
recorded by a thick shaley and conglomeratic sequence 
consisting primarily of the Skeels Corners Formation. 
The shelf edge appears to be a sharp declivity as 
proposed by Rodgers (1969), and is marked by a 
northeastward lateral transition from the western shelf 
sequence into the eastern basinal sequence. 

STRUCTURE 

Major structures in the Milton Quadrangle 
consist of: 1) the Hinesburg and Arrowhead thrust 
faults; 2) local "tectonic slides" (Fleuty, 1964) at 
Bald Hill; and 3) large scale folds including the 
Georgia Mt. anticline, the Dead Creek syndline, and a 
regional flat-lying recumbent nappe that is associated 
with emplacement of the Hinesburg thrust. These all 
formed during the Dl deformation, accompanied by 
metamorphism ranging from lower chlorite grade in the 
west above the Champlain thrust, to biotite grade in 
the east. 

F2 folds are seen to deform earlier Dl fabrics, 
and become most intense in the Coichester Pond - Cobble 
Hill area (P1.2-South). These may have formed in 
response to steps and imbrications along the Champlain 
thrust (P1.1, cross-sections A-A', B-B'). Three 
cleavage surfaces have been identified in the study 
area, and have been superposed on bedding (SO). SI and 
S2 are axial planar to Fl and F2 folds respectively. Sm 
falls chronoogmcally between Si -mi S2, but has not 
been Cr,rrelmtori wLth any recognized folds in the area. 
All three cleavages are believed to have formed during 
the Middle Ordovician Taconic orogeny (Zen, 1972). 

3 
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Sm 

Sm is a discontinuous pressure 	solution 
cleavage which occurs sporadically throughout the 
MiltDn duadrngle, and dips steeply to the east 
(Fig.7). Mappable folds associated with Sin have not 
been found. The cleavage is marked by insoluble clay 
residue 1 to 2 isis thick, and forms an irregular to 
dendritic pattern on most outcrops. Sm cuts across Sl 
but is in turn folded by F2 folds. 

02 Deformation 

The second important deformation in the study 
area consists of P2 folds and S2 slip or widely spaced 
fracture cleavage. These structures are best developed 
in the Coichester Pond - Cobble Hill area (P1.2-South). 
where F2 folds deform the flat-lying Hinesburg thrust 
and Si cleavage. These folds are generally open and 
cylindrical in style, with P2 axes plunging gently to 
the north and south (Fig. 8). 

S2 is commonly less intense and less 
penetrative than the dominant Sl schistosity. An 
exception to this occurs at Cobble Hill where Sl is 
severely overprinted and largely obscurred by F2/S2. 
Here F2 fold axes have been rotated into the plane of 
S2 cleavage (Fig.8), probably due to differential 
strain during 02 deformation. In places F2/S2 looks 
like Fl/Sl, and one must be cautious when correlating 
minor folds from place to place in the Milton 

uadrang1e. 

D2 folds and cleavage are locally restricted in 
the study area, and do not show a systematic eastward 
increase in intensity. They appear to occur in linear 
oelts that vary in intensity across the region. 
Prelininary analysis suggests that 02 deformation may 
be associated with major steps and imbricated 
structures along the Champlain thrust. Although this 
interpretation is highly speculative, it was adapted in 
conStruction of cross-sections A-A', B-B' (P1.1). 

Champlain thrust 

The Champlain thrust has long been recognized 
as a major structural discontinuity in northwestern 
Vermont which emplaces rocks of the Cambrian shelf 
sequence on top of Middle Ordoviciari inhales of the 
Stony Point (osp) and Iberville (Oi) Formations (Cady, 
1945; Welby, 1961; Stone and Dennis, 1964; Coney and 
Dthers. 1972; Stanley and Sarkisian, 1972). 

Fault zone fabrics that occur along the 
Chanplain thrust are typical of foreland thrusts which 
are found in many mountain belts. These include well-
developed cataclasites, slivers of adjacent or exotic 
rocks, disharmonic drag folds, fault-zone cleavage, and 
a well-defined slip surface which is slickensided and 
grooved (Stanley and Morse, 1974). Pressure solution 
was an important process in cleavage development and 
rewelding of fault breccia and gouge. Deformation is 
restricted to a relatively narrow zone (1 to lOm) 
considering the magnitude of displacement involved. 

The age of the thrust has been disputed. Cindy 
(1969. p.  75) believes it developei during the Acadian 
orogeny although the youngest rocks exposed below the 
Champlain thrust are Middle Ordovician in age. Weiby 
(1961, p.  221) believes the thrust developed in the 
Taconic orogeny of Middle to Upper Ordovician age. 
Thrusting predates the emplacement of the Mesozoic 
ii(ces which clearly cut--the structures of the Champlain 
thrust. 

Stanley and Sarkisian (1972) have suggested 
that major movement occurred during the Taconic 
orogeny, with minor reactivation occurring possibly 
during Acadian deformation. Regional analysis now 
suggests a late Taconic age for all the movement, and 
that the Champlain thrust is part of the major 
imbricated sialic slices of western New England  

(Stanley and Ratcliffe, 1982, in press). 	Recent 
seismic work in Quebec and New England suggest 
displacement in the order of 50 to 70km (Ando an 
Others, 1983), which is substantially larger than 
earlier estimates of 8 to 10km (Doll and others, 1961). 

Potassium-argon age dates along the western 
limb of the Green Mountain anticlinorium range from 
about 440 to 375 m.y. (Rickard, 1965; Harper, 1967; 
Cindy, 1969), and are considered to represent cooling 
ages by Harper (1967). These data suggest a Taconian 
age for recrystallization of rocks in the Hinesburg and 
more westerly situated slices, although the effect of 
Acadian metamorphism cannot be ruled Out. 
Recrystallization in the Champlain slice and in Middle 
Ordovician rocks to the west have not been 
radiometrically analyzed. However, the gradual 
reduction in cleavage intensity and its eventual 
absence in the Lower and Middle Ordovician sequence 
between the Champlain thrust and the Adirondack massjf, 
suggests a Taconian age for the compressional 
deformation in the Milton area. 

03 DeformatIon 

The third and final deformation documented in 
the Milton Quadrangle is recorded by the St. George 
fault (P1.2-South) and a related system of fractures, 
minor kink folds, and bostonite dikes. These are 
correlated with similarstructures to the south in the 
Monkton and Hinesburg area (Gillespie, 1975; Stanley, 
1980). Elements of 03 were formed during late Mesozoic 
continental rifting, and cut across all earlier 
tectonic fabrics. 

Regional Synthesis 

Plate 1 shows the regional geologic map and 
cross-sections for the Milton Quadrangle. The western 
half of the map is taken primarily from that of Stone 
and Dennis (1964), whereas the eastern half is the 
result of the compilation work for this report (Fig. 
1). The regional cross-sections (A-A, B-B', P1.1) are 
based on data presented in this report, representative 
stratigraphic thicknesses for western Vermont, and 
regional seismic sections (SoQuIP and COCORP) reported 
by Ando and others (1983). 

The development of regional structures in 
western Vermont is understood by evaluating the cross-
sections in Plate 1. The vertical stacking sequence 
consists of three major thrusts with: 1) the Champlain 
thrust at the base; 2) the Arrowhead fold-and-thrust 
couple in the middle; and 3) the Hiriesburg nappe which 
is floored by the Hinesburg thrust at the top. A 
comparison of fault zones and deformation styles shows 
a progressive increase in ductility from the Champlain 
to the Hinesburg thrusts. 

The Champlain thrust is a classic forehand 
thrust containing brittle cataclasites and narrow fault 
zones. The Arrowhead thrust also has brittle fault zone 
fabrics, but it occurs on the western limb of a major 
overturned antichine which is accompanied by abundant 
cleavage, parasitic folds, and some mylonite zones. The 
Hinesburg thrust zone contains abundant mylonites that 
are distributed throughout the fragmented overturned 
limb of the Hinesburg nappe. The rocks on the upper 
plate have been metamorphosed to the biotite grade, and 
indicate that the Hinesburg nappe-and-thrust system 
developed at deeper levels in the crust compared to the 
Arrowhead and Champlain thrusts. 

Perhaps more significant than the fault zone 
fabrics, is the change in structural style from the 
Champlain thrust to the fold-and-thrust couple at 
Arrowhead Mountain., to the tectonic slides of Bali 
Hill, and ultimately to the tIinesburg nappe and thrust. 
This sequence, with its progressive increase in 
ductility, appears to be typical of the transition from 
representative near-surface foreland thrust faults to 
deeper, ductile fold-and-thrust slices of the 
hinterland. 

5 



Palinspastic analysis of the Hinesburg thrust 
(Fig.6) indicates that it first developed as a fold 
that became severely overturned to the west, while the 
lower limb was coevally sheared out to form, the 
Hinesburg thrust. ouring this time the lower plate 
became severely folded, forming tectonic slides in such 
zones of high strain as Bald Hill. As Dl deformation 
'saved westward toward the earth's surface the Arrowhead 
fold-and-thrust couple developed, possibly as a result 
of drag on the overriding near-surface extension of the 
Hinesburg thrust, Subsequent movement on the Champlain 
thrust deformed the overlying thrust slices producing 
F2 folds, as the t}iust stepped up section to the west. 
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