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The Plainfield 7.5’ Quadrangle lies on the western side of the Connecticut Valley Trough 
(CVT)- a post-Taconian (Ordovician) extensional basin that was filled in with Silurian-Devonian 
sedimentary and volcanic rocks.  The basin was deformed and metamorphosed during the 
Devonian Acadian Orogeny, and later intruded by post-orogenic granitoids of the New 
Hampshire Plutonic Series (NHPS). From oldest to youngest, the rocks in the field area consist 
of interlayered gray phyllites and impure marbles (Waits River Fm), interstratified gray phyllites 
and phyllitic quartzites (Gile Mt. Fm), and biotite granites (NHPS). The Waits River Fm is 
further divisible into members with thick (DSwt) and thin (DSwl1) marbles, respectively. The 
degree of metamorphism ranges from biotite- staurolite grade. 
 
We observed two distinct sets of topographic lineaments: the first set follows the dominant 
bedding-parallel cleavage (S1) that is pervasive in all metasedimentary lithologies. The second 
set follows fractures that are orthogonal to the dominant foliation (S1). Whereas both lineament 
sets are clearly expressed in the Waits River Fm, lineaments in the Gile Mt. Fm are dominantly 
E-W. 
 
Because previous Electromagnetic Induction (EMI) surveys in an adjacent quadrangle showed a 
strong connection between brittle and ductile structures and groundwater flow, we conducted 
detailed (1:4000) EMI in specific areas of the Waits River Fm. These surveys demonstrated a 
direct correlation between linear zones of high conductivity and ~E-W fracture sets measured at 
outcrops, suggesting the fractures may be groundwater pathways.  Since the Waits River and 
Gile Mt. fms have average well yields that range from 16- 23 GPM in this area, we want to 
further assess the role that lithology, lineaments, and bedrock structures play in domestic well 
productivity.   
 
Our ongoing research seeks to: A) Analyze the relationship of well yields to both lineament sets, 
B) create detailed cross sections to assess whether fold geometry affects well yields, C) construct 
a 3D conceptual model for the bedrock hydrogeology of this portion of the CVT.  

Figure 2- Bedrock Geologic Context
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Sandy marble layer (~2’ thick (0.6 m)) in rusty weathering gray
phyllite.
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Calcareous quartzite layer (~12’ thick (3.7 m)) in rusty weather-
ing gray phyllite.
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Interlayered gray phyllites and phyllitic quartzites.

gray phyllite
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phyllitic quartzite

phyllitic quartzite

Medium-grained biotite granite.

Figure 3- Lithologies

Foliations 

Acadian (Devonian) S1 (sub-vertical) and S2 foliations (sub-
horizontal) in gray phyllites of the Waits River Formation.  

Folds

Reclined isoclinal F1 Acadian (Devonian) folds within calcareous
quartzite bed of the Waits River Formation.

Acadian F2 folds and associated crenulation lineation (L2) in
Waits River Formation phyllites. These folds deform S1 and 
plunge gently to the north (left).

Steeply-plunging Acadian (Devonian) intersection lineation 
(L1) of S1 on bedding in Gile Mountain Formation phyllites.

Gently-plunging Acadian crenulation lineations (L2) on S1 of
Waits River Formation phyllites. Garnets have asymmetric
pressure shadows that suggest they were deformed by the S2
cleavage.

Acadian S2 crenulation cleavage in Waits River Formation
phyllites.  

Lineations 

Figure 4- Ductile and Brittle Structures

Fractures 

~East-west trending steeply south dipping fractures in calcar-
eous quartzite of the Waits River Formation. Fractures that 
formed perpendicular to S1/bedding are the most common type
in the Plainfield Quadrangle. See rose diagrams and equal area
nets below.

~East-west trending steeply south dipping fractures in phyllites
of the Waits River Formation.
 

Plainfield Quadrangle shown on bedrock geologic map of Doll (1961) with overlay of
lithotectonic belts. 

RMC

Figure 1- Bedrock Geologic Map and Cross Section

Figure 1- continued

Bedrock geologic map of the Plainfield Quadrangle with overlays of  topographic lineaments (orange lines), 500 meter buffers on each lineament (light yellow), and field stations/outcrops (blue dots) that fell within these buffers. For each lineament buffer, the ductile and brittle structural
data were collated for all field stations that fell within; these data were plotted using Daisy Software (Salvini et al., 2000) on frequency azimuth rose plots and equal area nets. By comparing these diagrams against each lineament azimuth, we sought to establish which lineaments were
controlled by underlying bedrock structures. See the summary in Figure 5B for our major observations.
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Frequency Gaussians
Total Data: 70  max: 6  min: 0  mean: 246.122  sd: 7.318  mode: 36

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 0.1305748

Base Fit Value = 0.001

1 30.44 100.00 2.141 26.98° 13.24°
2 21.46 67.55 1.446 211.5° 13.81°
3 25.73 44.72 0.9574 151.8° 25.01°
4 9.720 40.29 0.8625 268.3° 10.49°
5 13.89 38.39 0.8219 312.3° 15.73°
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Frequency Gaussians
Total Data: 5  max: 1  min: 0  mean: 158.715  sd: 6.551  mode: 112

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 1.686432E-02

Base Fit Value = 0.001

1 35.06 99.01 0.2781 285.8° 8.39°
2 62.88 100.00 0.2809 123.3° 14.88°
3 5.663 22.99 0.0646 274.1° 5.84°
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Frequency Gaussians
Total Data: 7  max: 1  min: 0  mean: 227.212  sd: 6.655  mode: 92

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 8.311815E-03

Base Fit Value = 0.001

1 43.25 100.00 0.3908 258.6° 10.31°
2 25.32 65.59 0.2563 97.48° 9.2°
3 14.00 46.60 0.1821 130.5° 7.16°
4 15.48 46.46 0.1816 289.1° 7.95°
5 4.309 15.16 0.0592 89.78° 6.78°
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Frequency Gaussians
Total Data: 8  max: 1  min: 0  mean: 11.086  sd: 5.869  mode: 28

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 1.002338E-02

Base Fit Value = 0.001

1 20.79 100.00 0.2361 345.1° 9.38°
2 15.42 78.14 0.1845 115.9° 8.91°
3 20.50 88.79 0.2096 271.7° 10.41°
4 16.32 78.24 0.1847 47.11° 9.42°
5 10.13 71.43 0.1686 92.36° 6.41°
6 9.042 68.09 0.1607 24.04° 6.01°
7 4.854 35.21 0.0831 330.5° 6.22°
8 5.334 41.59 0.0982 290.1° 5.79°
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Frequency Gaussians
Total Data: 47  max: 3  min: 0  mean: -80.790  sd: 6.958  mode: 36

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 7.326863E-02

Base Fit Value = 0.001

1 29.84 100.00 1.400 28.18° 13.32°
2 28.82 80.05 1.121 212.6° 16.06°
3 10.98 49.40 0.6918 268.2° 9.92°
4 11.31 40.37 0.5653 149.7° 12.51°
5 17.03 45.04 0.6307 312.3° 16.87°
6 3.757 24.56 0.3440 104.7° 6.84°
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Frequency Gaussians
Total Data: 10  max: 2  min: 0  mean: -7.687  sd: 6.690  mode: 108

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 1.301121E-02

Base Fit Value = 0.001

1 41.26 100.00 0.4709 280.0° 11.66°
2 30.44 99.50 0.4685 102.5° 8.64°
3 10.23 39.91 0.1879 21.95° 7.25°
4 10.45 38.91 0.1832 66.20° 7.59°
5 9.775 37.02 0.1743 318.3° 7.47°
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Frequency Gaussians
Total Data: 10  max: 2  min: 0  mean: -7.687  sd: 6.690  mode: 108

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 1.301121E-02

Base Fit Value = 0.001

1 41.26 100.00 0.4709 280.0° 11.66°
2 30.44 99.50 0.4685 102.5° 8.64°
3 10.23 39.91 0.1879 21.95° 7.25°
4 10.45 38.91 0.1832 66.20° 7.59°
5 9.775 37.02 0.1743 318.3° 7.47°
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Frequency Gaussians
Total Data: 12  max: 1  min: 0  mean: -6.776  sd: 5.624  mode: 16

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 1.133321E-02

Base Fit Value = 0.001

1 25.85 100.00 0.4740 21.13° 8.71°
2 19.92 76.06 0.3605 265.7° 8.83°
3 14.16 67.10 0.3180 291.6° 7.11°
4 17.12 54.62 0.2589 341.8° 10.56°
5 10.10 38.81 0.1839 116.1° 8.77°
6 7.813 36.98 0.1753 50.79° 7.12°
7 7.022 35.79 0.1696 92.45° 6.61°
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Frequency Gaussians
Total Data: 4  max: 2  min: 0  mean: -50.170  sd: 5.462  mode: 316

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 7.129385E-03

Base Fit Value = 0.001

1 51.61 100.00 0.3717 314.0° 7.4°
2 25.76 50.34 0.1871 118.0° 7.33°
3 24.89 49.82 0.1852 281.6° 7.15°
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Frequency Gaussians
Total Data: 9  max: 2  min: 0  mean: -29.302  sd: 6.370  mode: 108

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 1.185157E-02

Base Fit Value = 0.001

1 45.85 100.00 0.4709 280.0° 11.66°
2 22.83 79.56 0.3747 106.0° 7.3°
3 11.40 39.84 0.1876 21.97° 7.28°
4 11.14 40.22 0.1894 65.88° 7.07°
5 10.86 37.02 0.1743 318.3° 7.47°
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Frequency Gaussians
Total Data: 1  max: 1  min: 0  mean: 68.000  sd: 0.000  mode: 68

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 3.146115E-03

Base Fit Value = 0.001

1 100.00100.00 0.1871 66.00° 7.33°
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Frequency Gaussians
Total Data: 5  max: 1  min: 0  mean: 82.165  sd: 4.585  mode: 84

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 2.342619E-02

Base Fit Value = 0.001

1 79.31 100.000.4806 89.09° 10.97°
2 20.61 38.93 0.1871 306.0° 7.33°
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Total Data: 3  max: 1  min: 0  mean: 99.313  sd: 2.367  mode: 64

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 6.139555E-03

Base Fit Value = 0.001

1 40.47 98.19 0.1841 124.1° 8.78°
2 34.17 100.00 0.1875 61.95° 7.28°
3 27.76 90.49 0.1697 100.5° 6.55°
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Frequency Gaussians
Total Data: 4  max: 2  min: 0  mean: 77.805  sd: 5.277  mode: 88

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 7.258399E-03

Base Fit Value = 0.001

1 77.08 100.00 0.5492 84.68° 7.48°
2 25.76 34.07 0.1871 282.0° 7.33°
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Frequency Gaussians
Total Data: 8  max: 1  min: 0  mean: 171.911  sd: 5.911  mode: 112

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 1.711126E-02

Base Fit Value = 0.001

1 39.63 100.00 0.4780 146.8° 8.83°
2 39.30 58.76 0.2809 276.7° 14.88°
3 24.11 61.30 0.2930 115.2° 8.76°
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Frequency Gaussians
Total Data: 2  max: 1  min: 0  mean: 15.000  sd: 7.232  mode: 100

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 4.449278E-03

Base Fit Value = 0.001

1 51.52 100.00 0.1871 290.0° 7.33°
2 51.52 100.00 0.1871 98.00° 7.33°
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Frequency Gaussians
Total Data: 5  max: 1  min: 0  mean: 234.540  sd: 6.611  mode: 92

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 7.661929E-03

Base Fit Value = 0.001

1 61.87 100.00 0.3939 261.0° 10.44°
2 35.06 70.61 0.2781 97.78° 8.39°
3 5.663 16.40 0.0646 86.10° 5.84°
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Frequency Gaussians
Total Data: 8  max: 1  min: 0  mean: 240.903  sd: 6.293  mode: 92

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 2.831097E-02

Base Fit Value = 0.001

1 61.38 100.00 0.5176 262.5° 12.62°
2 25.66 58.14 0.3010 95.95° 9.07°
3 12.62 35.19 0.1822 130.2° 7.38°

Lineament Azimuth Average strike of S1/ bedding 
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Figure 5A- Relationships between Topographic Lineaments, Foliations, and Fractures

Fracture Azimuth

A

F

E

D

C

B

161 dikes

71 dikes

118 dikes

451 dikes122 dikes

(modified from McHone, 1978)

F

E

D

C

B

A

NH

MEVT

QUE

NY

100 dikes

Figure 6- Mesozoic Dike Orientation in Central New England
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Figure 8- Cross Section in Subarea 2 

Cross section constructed in subarea 2 showing asymmetric, east-verging, F2 folds that have shorter wavelengths
than in Figure 7.
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Frequency Gaussians
Total Data: 88  max: 8  min: 0  mean: 74.546  sd: 4.606  mode: 4

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 0.1489337

Base Fit Value = 0.001

1 25.85 100.00 3.432 270.25° 8.82°
2 43.55 95.56 3.280 196.33° 15.54°
3 32.19 68.06 2.336 314.1° 16.12°

All Lineaments

  

Base Line

 
Frequency Gaussians
Total Data: 432  max: 81  min: 0  mean: 201.515  sd: 2.247  mode: 204

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 0.497714

Base Fit Value = 0.001

1 94.68 100.00 48.22 199.5° 11.29°

Base Line

  
 
Frequency Gaussians
Total Data: 262  max: 10  min: 0  mean: 10.451  sd: 7.474  mode: 36

GAUSSIAN PARAMETERS
# % Nor. H.Max H.Azimuth   sd

RMS = 0.2258715

Base Fit Value = 1.039984

1 22.55 100.00 4.207 278.5°18.67°
2 13.90 93.63 3.939 97.41°12.29°
3 13.82 86.86 3.655 29.18°13.18°
4 5.612 55.04 2.316 212.1° 8.46°
5 8.366 43.95 1.849 147.2°15.76°

Foliations/Bedding within Buffers

Fractures within Buffers

Figure 5B- Summary

The following are observations from this part of the study:

1) There is a strong correlation between NNE/SSE trending lineaments and the strike of the
dominant foliation S1.
2) There is a strong correlation between E-W trending lineaments and underlying fractures
 of the same orientation. These fractures formed perpendicular to the dominant foliation S1.
3) Locally, there is good correlation between NW-SE trending lineaments and underlying
fractures of the same orientation. 

The Plainfield Quadrangle is located in Domain D of McHone (1978). Mesozoic dike orientations in this
region are consistent both with the ~E-W and ~NW-SE orientations of the dominant fracture sets and with that
 of the dominant foliation S1. Domain  D appears to be a mixture of dike orientations from domains A-B and
E-F.
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Figure 9- Bedrock Well Yields Figure 10- Bedrock Well Depths

Scaled well yields for bedrock wells in the Plainfield Quadrangle. Average well yields in DSwt (thick bedded
Waits River Formation) are ~25% higher than those in Dgm (Gile Mt. Formation) and Dg (Devonian granite). 
We hypothesize that secondary porosity develops preferentially in the thick sandy marbles of DSwt and provides
enlarged bedding/S1 parallel pathways for groundwater to flow.  The  dominant fracture sets (E-W and NW-SE)
may also be preferential groundwater pathways. The interaction of S1/bedding and fractures may also be a 
factor. See yield averages by formation below. 

Scaled well depths for bedrock wells in the Plainfield Quadrangle. The average well depths by formation are
quite similar. See average well depths by formation in graph below.   

3D block diagram showing east-verging, gently north-plunging asymmetric folds in the thick 
bedded portion of the Waits River formation (Dswt). The wells in this formation are more 
productive than those in other formations in the field area. In some locations, springs were 
noted on the down plunge side of the F2 folds. The three scenarios shown here suggest that 
this productivity could be related to: 1) preferential flow of groundwater down the plunge of 
F2 folds, 2) increased secondary porosity in thick fractured marble layers, 3) ~E-W fracture 
zones. 

Figure 11- 3D Model
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Average Well Yields and Depths by Forma�on
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Figure 7B. [Q1000 mHz] EMI data showing relatively symmetric folds, 
identified as M-folds, defined by contrasting conductivity. This 
area correlates with the hinge zone of an anticline on the cross 
section of Christiansen farm. 

Figure 7C.  [Q1000 mHz] Contoured EMI data in a portion of the north field
 showing ~E-W trending zones of higher conductivity that are correlative 
to the ~E-W trending fracture set. The productive (75 gal/min) domestic 
well is located in one of these high conductivity zones. 

Figure 7D. [Q1000, Q7000 mHz] EMI data showing ~E-W trending zones of high or low  
conductivity that are comprised of isolated circular zones of differing conductivity. These
could represent the noses of the folds or symmetric M-folds. Natural springs were 
observed in the northern portion of this area during the field mapping. 

Figure 7E. [Q1000 mHz] EMI contour plot showing an increase in asymmetry
 in the folds in the contour lines and ~E-W trending zones of varying 
conductivity. This plot correlates to an area near an inflection point 
on the cross section.

Figure 7F.[Q1000 mHz] EMI data showing asymmetric contours 
at the interface of high and low conductivity in the north
 section of the plot. The asymmetry of the Z-folds suggests
 west vergence. These folds correlate the east limb of the
 easternmost anticline. A ~E-W trend defined by small circular 
higher conductivity zones is seen in the southern portion and 
is interpreted as correlative with the ~E-W trending fracture zone. 

Figure 7A. Electromagnetic induction (EMI) data from the Christiansen Farm, East Montpelier, VT. The base map shows the survey paths, 
field stations and bedrock wells. The survey blocks showing the clearest patterns were selected for interpretation. While not all plots are 
contoured at the same frequency, the color spectrum is representative of relative conductivity in the quadrature phase. The quadrature phase,
in comparison to the inphase, is more associated with groundwater. Fold asymmetry was used to correlate the EMI survey locations to the cross
section above that shows east-verging, gently north-plunging asymmetric folds. The axial planes are defined by an axial planar crenulation 
cleavage (S2).  The east-west trending zones of high conductivity are attributed to the dominant east-west trending fracture set (identified in 
figures 7B, 7D, and 7F.) 

Low Conductivity

High Conductivity

fracture

Scale that represents the relative range
of conductivity for each survey.Because
of variable site conditions (ground wetness),
the maximum and minimum values vary 
from survey to survey.  
 

Figure 7- Integrating EMI with Field Mapping at Subarea 1

Transposed F1 isoclinal folds in sandy marble of the Waits River
Formation. Photo taken within survey area of Figure 7B.
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