
          The Penobscot River valley of south-central Maine is an area of moderate relief that underwent deglaciation ~14.5 ka.  
During deglaciation, sea water was ~100 m deep in the Penobscot valley in the Hampden area (W.B. Thompson et al., 1989), and 
highlands in the southern part of the Hampden area were more than 100 m above the marine limit.  Hughes et al. (1985) proposed 
that calving bays were important in the Gulf of Maine during deglaciation, but this idea has been controversial.  According to 
Lowell (1994), a calving embayment did not develop in the Penobscot valley because the deep-water area was too narrow.  Work 
in the Bangor area has revealed ice-flow convergence toward the Penobscot valley -- strong evidence for a calving embayment 
(Syverson and A.H. Thompson, 2008).  The purpose of this study was to seek ice-flow evidence for the former calving embayment 
immediately south of Bangor.
     As part of a STATEMAP project, we mapped ice-flow indicators on bedrock surfaces in the Hampden 7.5' quadrangle.  Striation 
sets (showing non-unique flow direction) and crag-and-tail features (showing unique flow direction, rarely seen) were described 
and measured.  Relative ages of these flow indicators were determined using the relative-size criterion.  RockWorks99 software 
was used to plot rose diagrams and determine modal values.  
     The deepest (hence oldest) flow indicators reveal ice flow toward the S/SE throughout the entire Hampden quad.  In the 

onorthern part of the map area, ice-flow indicators demonstrate a change from a southerly flow maximum (175  azi. mode, n=10) to 
o oa younger ice-flow event trending WNW/ESE (315/135  azi. mode, n=28).  The N/S striae set (165  azi. mode, n=29) is still 

present in the southern highlands (>100 m a.s.l. and above the marine limit), but deviations from the flow maximum are rare (n=4) 
and seem consistent with local topographic control. 
     In the Bangor area directly to the north, Syverson and Thompson (2008) attributed evidence of westerly ice flow toward the 
Penobscot River to a calving embayment.  The non-unique WNW/ESE flow indicators in the northern part of the Hampden quad 
likely represent ice flow WNW toward a calving embayment in the Penobscot River valley.  The southern highlands of the 
Hampden quad lack secondary flow indicators and likely mark the southern limit of the Penobscot valley calving embayment.   
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CONCLUSIONS
l Ice flowed roughly south-southeast (160-180° azi) over the Bangor and Hampden region during 

the Late Wisconsin Glaciation flow maximum (Syverson and Thompson, 2008; Fig. 8A).  
l East of the river, hills in the southern upland exerted more control on ice flow as the glacier 

melted and thinned (Fig. 8B), as shown by secondary flow indicators (Fig. 6).  These deviate 
only slightly from the flow maximum.

l The Penobscot River calving embayment formed north of the upland along a wider ice margin 
resting in deeper water (Fig. 8C).  Ice flow changed from southerly to more westerly and 
northwesterly toward the calving embayment, as shown by secondary striae (Figs. 6; Rose 3, 
Fig. 7; and 8C).The non-unique flow indicators in the northern lowland of the Hampden quad 
(Rose 3, Fig. 7) seem to correspond to unique secondary flow directions associated with the 
Penobscot valley calving embayment in the Bangor area (Rose 2, Fig. 7; Syverson and 
Thompson, 2008).   

l The major calving embayment existed to the north of the southern upland based on the lack of 
ice-flow direction changes in the southern upland region (Rose 4, Fig. 7). 

Methods at the Outcrop:
     We spent five weeks mapping ice-flow indicators in the Hampden quadrangle area during 
summer 2009, and we used the same methods as Thompson and Syverson (2008).  Vegetation 
and sediment were removed from outcrops where necessary (Fig. 3).  Crag-and-tail features
(Fig. 4) and striations (Fig. 5) were measured.  The azimuth, uniqueness, average size, and cross-
cutting relationships (Fig. 5) were measured at 30 sites (Fig. 6).  Each flow-indicator set within any 
particular location was assigned a relative age using the relative-size criterion (i.e. the deepest 
striae represent the oldest flow event; less deep sets represent younger overprinting, Syverson, 
1995).  
Data Compilation in the Lab:
      Flow-indicator data was entered in a spreadsheet.  Site locations were recorded (position west 
or east of the Penobscot River, and whether in the northern lowland or the southern upland), as 
were the uniqueness and relative ages of flow indicators.  The flow indicators were then sorted by 
location.  Specific examples of cross-cutting striae at each individual site were evaluated to 
determine ice-flow direction changes.  ROCKWORKS 99 software was used to plot rose diagrams 
and analyze flow trends (Fig. 7). 
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Figure 3.  Finding striations on an 
outcrop.  Overlying vegetation is peeled 
back to reveal a fresh bedrock surface.  
Remaining sediment is removed with 
brushes, and water is sprayed on the 
outcrop to highlight any striations.  
Writing instruments are used to mark 
different flow-indicator sets.

Figure 2.  Landscape in the study area.  A.  View of the northern lowland (left) looking north 
toward Bangor from Center Drive.  Most of this area would have been 30-50 m below the marine 
limit during deglaciation.  B.  Part of the southern upland area, Kings Mountain (elev. ~280 m 
a.s.l.).  This hill crest would have been at least 150 m above the marine limit during deglaciation.

Figure 6.  Ice-flow indicator map for the Hampden 7.5' quadrangle area.  Indicators 
oassociated with the flow maximum (red) reveal flow to the SSE (typically 160-180  azi.)  In 

the northern lowland, secondary flow directions (yellow) show marked divergence from the 
Late Wisconsin flow maximum.  

Figure 4.  Crag-and-tail feature 
showing a unique ice-flow direction 
(from the Bangor 7.5' quadrangle, 
Syverson and Thompson (2008)).  The 
quartz “crag” is harder than the 
surrounding phyllite.  The resistant crag 
protects the softer phyllite on the 
downflow side of the obstruction.  The 
comet-like tail provides a unique ice-flow 
direction.

Figure 8.  Deglaciation summary for the Hampden 7.5' quadrangle region.  A.  Ice flows to 
the south (~170° azi.) during glacial maximum.  Flow is deflected slightly in southern upland 
region.  B.  Glacial thinning results in more topographic control of ice flow in the southern upland.  
C.  Calving occurs more rapidly along a wider ice front once ice wastes north of the upland.  This 
forms a calving embayment along the axis of the Penobscot River lowland, rapidly removes ice, 
and ice flow converges toward the embayment, as proposed by Syverson and Thompson (2008) 
for the Bangor area.  Ice was pinned on the southern upland and flow was controlled by bedrock 
slopes (brown arrows).  Thus, the major calving embayment formed north of the upland. 

Figure 5.  Bedrock striations showing non-
unique ice-flow directions.  During ice flow, 
rocks embedded in the base of the glacier are 
dragged across the bedrock.  Embedded rocks 
abrade the bedrock surface and produce 
striations parallel to the ice-flow direction.  Flow
 is possible in two different directions (see 
arrows).  The black sharpie highlights striations 
from the flow maximum, and the other pens and 
pencils mark secondary striation sets.   

Figure 1.  Deglaciation 
chronology for the State of 
Maine (modified from Borns et 
al. (2004) and Syverson and 
Thompson (2008)).   Locations 
of the Hampden (yellow) and 
Bangor (orange) 7.5' 
quadrangles are plotted.  
Radiocarbon ages constraining 
time of deglaciation have been 
adjusted using a reservoir 
correction of -600 years for 
marine samples.  Areas in purple 
were isostatically depressed 
(pushed downward by weight of 
the glacier) and later flooded by 
sea water after glacial retreat.  
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Figure 7.  Secondary flow 
indicators reveal southern limit of 
Penobscot valley calving 
embayment.  
l Roses 1 & 2 from the Bangor quad. 

(Syverson and Thompson, 2008) 
demonstrate secondary ice-flow 
convergence along the Penobscot 
River.  

l In the northern Hampden lowland (Rose 
3), secondary flow directions exhibit 
much scatter.  The southern upland 
(Rose 4) displays little evidence for ice-
flow direction changes.  

l Petals in the NW and SW quadrants of 
Rose 3 likely represent ice flowing 
toward the calving embayment first 
recognized by Syverson and Thompson 
(2008).  

l Relatively uniform flow directions in the 
southern highland (Rose 4) suggest ice 
pinning and no influence from a calving 
embayment.  Thus, the southern 
highland marks the southern extent of 
the calving embayment.

       The Penobscot River valley is located in a moderate-relief, glaciated portion of coastal Maine 
(Fig. 1).  During the Late Wisconsin Glaciation (25,000-9,500 years ago; Borns et al., 2004), the 
weight of the thick ice mass caused isostatic lowering of Maine's land surface.  Sea water flooded 
the area as the ice margin retreated.  During deglaciation, melting and calving (glaciers breaking 
off in water to form icebergs) rapidly removed ice mass and caused the land surface to rebound.  
Ice-flow directions changed as subglacial topography and calving altered glacier movement 
locally.  
     Calving removes ice mass more rapidly in deeper water (Benn and Evans, 1998:277-278; 
Benn et al., 2007).  Based on previous studies in the nearby Hampden delta, Late Wisconsin 
marine water depths ranged from 0 to 97 m in the Penobscot River lowland throughout much of 
the Hampden quad. (W.B. Thompson et al., 1989).   However, numerous highlands rose well 
above the marine limit (Fig. 2).   Some workers have suggested that major differences in sea-
water depth caused enhanced calving and a calving embayment in the Penobscot River valley 
(Hughes et al., 1985) -- a controversial idea (Lowell, 1994).
     Syverson and Thompson (2008) presented evidence for convergent ice flow along the 
Penobscot River valley -- strong evidence for a calving embayment in the Bangor area.  The 
purpose of the current study is to determine if this calving embayment also existed to the south in 
the adjacent Hampden 7.5' quadrangle.  
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