Constructing a Geologic Cross Section

Wells G & H Superfund Site, Woburn, MA

Introduction

The Wells G & H Superfund Site in Woburn, Massachusetts covers 330 acres and is underlain by a variety of glacial deposits that cover igneous and metamorphic bedrock.  The map below is a portion of a regional geologic map published by the U.S. Geological Survey (modified from Chute, 1959) and shows that the two infamous municipal wells (G and H) are completed in a buried valley filled with coarse-grained glacial outwash deposits (light blue areas labeled Qo3).  The buried valley is bordered by bedrock uplands (dark red areas indicating bedrock outcrops) that are overlain by finer-grained glacial ice-contact deposits (pink areas labeled Qgm).  The Aberjona River, which flows north to south, traverses a wetland in the immediate area of the two municipal wells (beige area with blue plant symbols labeled Qsd).       

The regional geologic map covers nearly 25 square miles and provides an overall view of the geology of the area.  This type of regional, plan-view, geologic map is not constructed to show lateral lithologic variations within geologic units, or lithologic variations that occur with depth, or the shape and depth of the bedrock surface.  To gain this additional insight into the geologic framework of a specific site including the correlation, thickness, and continuity of sand/gravel and silt/clay deposits, it is necessary to construct geologic cross sections that visually integrate the geologic information obtained from well logs, soil borings, geophysical surveys, and shallow pits and trenches.  The objective of Problem 1 is to construct a simplified geologic cross section through the Wells G & H Superfund Site to provide local subsurface information to delineate aquifers and confining units, and to identify possible recharge and barrier areas.
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Subsurface exploration programs usually entail drilling boreholes, describing the geologic materials penetrated using samples taken at specific depths and/or interpreting borehole geophysical logs, and construction of monitoring wells in the boreholes for later use to measure hydraulic heads and to obtain groundwater samples for measurement of chemical characteristics.
The "Cross Section Well Logs" Excel file lists geologic descriptions and sample depths from eight of the more than 300 boreholes drilled at the Wells G & H Superfund Site.  Monitoring wells were constructed in many of these boreholes.  The eight boreholes were selected to traverse the Aberjona River valley along a southwest-northeast line, as shown on the "Orientation" worksheet in that file.
Instructions to Construct a Geologic Cross Section at Woburn

     There are several steps involved in making a geologic cross section from geologic logs, as described below and in the Chute, 1959 reference.  Some of these steps have been performed for you.  However, your instructor may modify these instructions to allow you to draft the cross section on a larger scale than available on a standard sheet of paper presented on the "Cross Section" worksheet.  This could involve using several sheets of graph paper to expand the vertical and horizontal scales.  Listed below are the steps in constructing a geologic cross section at Woburn.

1. On arithmetic graph paper, pick appropriate vertical and horizontal scales, scale off the lateral distances between the wells, mark the lateral position of each well along the cross section line, and locate the top of the well at the appropriate land surface elevation.  Then, label the well, locate the approximate depth to bedrock at each well, if known, and draw on the cross section the total depth of each well below land surface.  These steps have been completed for you in the "Cross Section Chart" Excel file. If your instructor has you use a separate sheet of graph paper to construct the cross section, you will have to perform the tasks described in this step.  (The depth to bedrock in the "Well Logs" file is based on drilling records and interpretation of a seismic survey.)

2. In the "Well Logs" file, calculate the elevation relative to sea level in feet above sea level (asl) for each new lithology encountered in the borehole and the thickness of each lithology.  Well S39 (also known as well H) is completed for you as an example.  Using the lithologic descriptions for each well, make tick marks in pencil at appropriate depths (or elevations) where the lithology changes with depth.  In light pencil, correlate similar lithologies laterally between the wells using geologic judgment appropriate to the types of lithologies present and how the sediments were deposited (see the Chute reference for additional guidance).  At Woburn, the oldest sediments are glacial ice-contact deposits that were deposited in the buried valley and adjacent uplands.  These highly compacted materials (listed as "dense" on the well logs) were later eroded by meltwater streams as the continental glacier retreated northward.  The outwash filled the buried valley with loose deposits of sand, gravel, and silt.  In modern times, floodplain and peat deposits formed adjacent to the Aberjona River.  Keep this depositional history in mind as you begin to correlate similar deposits between different wells and remember that geologic units may pinch out between wells as seen in Chute.

3. Using colored pencils, lightly color each lithologic unit you delineated on the map and lightly color a box in the "EXPLANATION" at the bottom of the figure with each lithologic unit (color) you use.  Neatness is important in producing these professional documents.  Write a brief description of each lithologic unit next to its box such as "Sand and Gravel" or "Peat."  Generally, lighter colors (yellow and beige) are used for the most permeable materials and darker colors (orange and brown) are used for the least permeable materials.  You may have unused boxes in the "EXPLANATION" at the bottom of the cross section.  You can use a black felt-tip pen to ink your preliminary pencil lines between contacts of different geologic units.  Where you are uncertain, be sure to dash the contact line to indicate an inferred contact.

4. Determine the vertical exaggeration of the cross section by computing the ratio between the horizontal scale and the vertical scale (see Chute for more guidance).  For example, if the horizontal scale is 250 feet per inch and the vertical scale is 50 feet per inch, the vertical exaggeration is 5:1 or 5 times vertically exaggerated.  Label the vertical exaggeration by writing the ratio in the bottom right portion of the cross section.
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After measuring the amount of sediment recovered in the split-spoon sampler and describing the lithology of the sediment (above), a  representative portion is saved in a glass jar or a plastic bag and information is recorded on a driller's log (right).
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