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TEACHING ROCKS: FIELD-INSPIRED PRACTICE AND DISCUSSION 

OF TEACHING GEOLOGIC CONTENT 

Julia Daly, Dept. of Geology, University of Maine at Farmington, 173 High St. Farmington, ME 04938 

INTRODUCTION 

As earth science educators, we 

seek to foster student connections 

between observations of their 

immediate environment and a bigger 

story. Local field studies provide rich 

opportunities for students to make 

observations, collect their own data, and 

develop a more sophisticated 

understanding of the landscape. This 

trip is an opportunity for earth science 

educators to meet on the outcrop, 

engage in example activities, and 

discuss how to integrate field 

experiences into earth science 

education. We’ll visit two well-known 

Maine localities that provide a breadth 

of geologic features: Pemaquid Point 

and Popham Beach. At Pemaquid Point, 

we will focus on bedrock features while 

at Popham we will use the beach and 

salt marsh to investigate evidence for 

more geologically recent changes.   

The integration of field experiences into earth science education has long been considered fundamental; 

indeed, NEIGC epitomizes the tradition of exchanging ideas and educating students in the field. The opportunity to 

share one’s research and to engage in dialogue on the outcrop, where the context for specific observations can be 

appreciated, provides a rich experience for students. Developing field experiences that engage students, foster 

inquiry, and help develop a more sophisticated understanding on the local geologic history is a challenge at all 

levels. Online collections of field trip activities and guides, such as one titled “Teaching Geoscience in the Field” 

(Science Education Resource Collaborative, 2012) can be useful starting points for developing exercises. The goal 

of this trip is for educators to participate in a variety of field activities, appropriate in level from introductory to 

upper level courses, followed by discussion of what worked, what didn’t, and how that activity could be adapted for 

a different setting or group of students. 

Figure 1a. View south at Pemaquid Point, parallel to the hinge of a gentle 

fold in the Bucksport Formation.  

Figure 1b. View south at Popham Beach in 2013, across the most downstream meander of the Morse River. 

B2-1 

147



B2-2 DALY 

GEOLOGIC OVERVIEW AND POTENTIAL FIELD QUESTIONS 

Pemaquid Point 

At first glance, the regional 

geologic map of Pemaquid Point 

suggests a simple outcrop of 

Bucksport Formation, a Silurian-

Ordovician gneiss (Figure 2). 

However, upon arrival the outcrop 

reveals a much more complex and 

interesting story (first lesson: maps 

can’t show all the information). 

Beautifully exposed in three 

dimensions, this gneiss is visually 

appealing and full of features that 

capture one’s interest on the outcrop. 

Originally deposited as interbedded 

sand and silt, the sediments were 

metamorphosed at depth during the 

Devonian (Berry 2002, Hussey and 

Berry 2002).  Subsequently, granitic 

and pegmatitic dikes intruded the 

bedrock, producing a striking 

contrast with the darker gneiss 

(Figures 3 & 4).  

This location is ideal for 

field activities for students at all 

levels. At the introductory level, it 

offers high-contrast bedrock units 

that can be used to teach basic rock 

types (igneous vs. metamorphic, gneiss vs. pegmatite). The intrusive nature of the dikes also lends itself to 

investigation of age relationships between the Bucksport Fm. and the dikes. Meter-scale folds across the outcrop 

(Figure 4) can be examined in three dimensions, 

provide students with small-scale examples of 

bedrock patterns that appear at regional scales on 

the state bedrock map.  

Pemaquid Field Questions. 

Below are some example questions that could be 

used to develop field exercises at Pemaquid Point: 

 How can we distinguish between igneous

and metamorphic rocks?

 Which rocks are older, the igneous or

metamorphic rocks?

 How did the folds form?

 How do the folded patterns relate to

regional map patterns?

Pemaquid 

Point, stop 1 

Figure 2. Detail of bedrock geologic map of the Pemaquid Point region 

(from Hussey and Marvinney, 2002).  

Figure 3. Bucksport Formation gneiss at Pemaquid Point. 
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Figure 4b. Gneiss of the Bucksport Formation 

at Pemaquid Point is the darker rock 

constituting most of the outcrop. The lighter 

colored rock at upper right is an intrusive 

pegmatite.   

Figure 4a. Darker Bucksport Formation gneiss at the base of 

the photo, intruded by a lighter-colored pegmatite vein 

across the top. Both the gneiss and pegmatite display 

evidence of deformation.   

Figure 5a. Small asymmetric fold in the 

Bucksport Formation; the three-dimensional 

exposure of the fold allows students to 

observe the varied thickness of layers within 

each limb.    

Figure 5b. More openly folded gneiss; erosion across the 

top as well as the sides demonstrates the bullseye pattern 

produced as underlying layers are exposed toward the core 

of the fold along the hinge. 
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Popham Beach State Park 

This stop highlights surficial geology with an 

emphasis on 1) changing position of the Morse River and 

erosion of a large dunefield, and 2) late Holocene coastal 

changes archived in the backbarrier salt marsh. The 

interplay between the Morse River, west of the park, and 

the barrier and dune field to the south of the parking area 

has produced dramatic changes over the past dozen years 

(Figure 7). As a result of spit progradation and river 

meandering toward the east, most of the dune field south 

parking area was lost to erosion, resulting in concern about 

vulnerability of the bathhouse structure to storm erosion 

(Dickson, 2008a, 2008b). In late 2011, beach scraping 

moved sand landward to partially fill a tidal inlet channel 

and bank sand in front of the bathhouse facility (Dickson, 

2012). This series of changes presents an interesting 

opportunity for students to consider the influence of both 

fluvial and coastal processes on this site.  

These short-term changes are acting in addition to 

the longer term forcing of sea-level rise. The backbarrier 

area of Popham hosts extensive salt marshes that record 

local landscape change. Balancing sediment supply against 

sea-level rise, salt marshes accumulate deposits that reflect 

the relative importance of these two controls. Changes in 

the distribution of different marsh deposits over time can 

help better understand the impact of sea-level rise here.     

    Popham Field Questions 

     Activities at this site focus on 

making observations about recent 

changes, then using those 

observations to make predictions 

of past and future evolution.  

 How quickly did the Morse

River meander toward the parking 

lot?  

 Given that the most recent

image was captured a year ago, 

how have landforms changed in 

that time? 

 What is the evidence for local

transgression and landward 

migration of landforms? 

Figure 6. Asymmetric ripples in a tidal channel at 

Popham Beach. Near the bottom of the image a 

faint secondary set of ripples at an oblique angle to 

the dominant ripples reflect a change in flow 

direction during the tidal cycle.     

Figure 8. Low tide in the backbarrier channel created by migration of the 

Morse River, then abandoned by 2010 as the river found a shorter way to 

the ocean. Some water still travels through here at high tide. In the center of 

the picture, a dark patch of salt marsh interrupts bright sand of the beach that 

has rolled over the salt marsh. 
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ROAD LOG 

Notes: This trip has only two stops, Pemaquid Point Lighthouse and Popham Beach State Park. The trip begins at 

Stop 1; we will meet at Pemaquid Point Lighthouse at 8:30 AM. We will be spending several hours at each stop. 

The travel between stops will allow participants to pick up lunch in Bath if they chose, or bring a packed lunch and 

eat on the beach at Popham. Restrooms will be available at both stops, but we will be spending much of our time 

away from the facilities so plan accordingly when you arrive. Please wear shoes that are comfortable for climbing on 

rocks, walking on sand, and that may get a little bit muddy as we explore the salt marsh.  

Travel directions to Stop 1: From Bath, follow US Route 1 North toward Newcastle (18 miles). Take the exit for 

US-1 Business N in Newcastle (toward Route 129). After crossing the bridge into Damariscotta, follow the sign for 

Routes 129 & 130 toward Pemaquid Point. Continue south on 129/130 for almost three miles, then follow Route 130 

left toward Bristol (Hanley’s market will be on your left at this intersection). Stay on Rt 130 for another 11.6 miles 

until reaching the parking lot at Pemaquid Point Lighthouse Park.  

Stop 1: Pemaquid Point Lighthouse: 43.83742, -69.50636 (WGS84 Lat/Long), ~3 hours 

We will begin by exploring the outstanding outcrop below the Pemaquid Point Lighthouse. Large, three-

dimensional exposures of folded gneiss (Bucksport Formation) intruded by granite and pegmatite dikes provide the 

opportunity to try a variety of bedrock-focused activities. At this stop, we will focus on these skills: 

 Discriminating igneous vs. metamorphic rocks

 Identifying minerals

 Creating geologic maps

 Determining relative ages of units

 Relating mapped features to tectonic forces

 Relating small-scale mapped features to regional bedrock patterns

As a group, we will talk about how to introduce basic rock identification to students. Next, we’ll break into 

smaller groups to map a section of outcrop, then compile those maps and discuss the results. Finally, using some 

props, we’ll try out activities that help students understand folding and tectonic collision. We may follow this 

discussion with a short scavenger hunt to look for additional features that support our hypotheses, time permitting. 

Throughout, and especially at the end, there should be ample time for discussion of how to adapt/improve the 

activities for different locations or learners. 

High tide will be at ~11 AM; we will be leaving by 11:30 AM and travelling to Popham Beach State Park while 

the tide is falling so that we have better access there. The trip from Pemaquid to Popham should take about 70 

minutes, depending on traffic. 

Mileage 

0.0  Pemaquid Point Lighthouse, 459282.22 m E, 4853935.02 m N; depart and follow Rt. 130 north toward 

Damariscotta. 

11.6 Continue north on Rt. 129 to Damariscotta. 

14.6 Turn west on Business US Rt. 1 through downtown Damariscotta, following signs toward US Rt. 1 S. 
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15.0 Continue on Business Rt. 1 toward Rt. 1 S (turning left), then merging with US Rt. 1 S. Continue on Rt. 1 

for seventeen miles, to Bath. 

32.8 Take the exit (right) for Rt. 209/Phippsburg/Downtown/Historic Bath, then turn left onto Middle St. 

32.9 Turn right onto Granite St., still following signs for Rt. 209. 

33.0 Turn left on Rt. 209, toward Phippsburg. Continue for 14.7 miles on Rt. 209 south, following signs for 

Popham Beach State Park. 

42.7 Turn left to remain on Rt. 209, following signs for Popham Beach State Park. 

47.7 Arrive at Popham Beach State Park; our entrance fee is waived. Please park near the facilities in the 

southwest corner of the lot. 

Stop 2. Popham Beach State Park, ~ 3 hours 

We will re-convene at approximately 1 PM near the restrooms; the time may change slightly depending on 

weather and actual departure time from Pemaquid Point. We will begin by exploring the salt marsh in the 

backbarrier area while the tide is still retreating, then finish the day by exploring the beach and Morse River outlet as 

low tide approaches. We will focus on the following skills at this location: 

 Collecting and interpreting cores

 Correlating cores & developing cross-sections

 Using Google Earth to evaluate dynamic landforms

 Quantifying rates of change

 Mapping evidence for recent sediment movement

At this location, we’ll begin by characterizing contemporary salt marsh zones, then splitting into small groups to 

collect and interpret a series core. Once each group has interpreted their core, we will work together to see if we can 

correlate units between cores and develop a cross-section. This exercise gives us an opportunity to work through 

basic stratigraphic problems and turn a vertical history into a story of environmental change. Once we have 

developed a long-term history for the area, we will turn our attention to recent changes. We will compare the most 

recent Google Earth image (acquired September 2015) to the present morphology. Using the Google image as a base 

map, we’ll attempt to map the present shoreline configuration and then determine the rate at which key features have 

migrated. When the tide has dropped low enough, we’ll be able to examine ripples and other sedimentary structures 

in the tidal zone to see if recent sediment movement is consistent with changes we mapped. We’ll finish the day 

with a discussion about how to teach students about landscape change. How do educators use Google Earth 

effectively? What types of activities are most compelling to students?  If time is available, we may be able to 

demonstrate a profiling activity that relies on data being collected at low tide. 
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