
                    VARVES:  DATING SEDIMENTARY STRATA
by John Banister-Marx,  Wright Center for Science Education, Tufts University, Medford, MA

Target age or ability group:  grades 9-14  biology, integrated or earth science, or paleontology courses.

Class time needed:  One 50 minute class period for examination of shale billet, calculations and reporting of 
data from each student.  Additional time for the discussion questions which could be answered for homework.

Materials and Equipment:  (for each team of two students)
___ binocular dissecting microscope, 30x mini-scope, or low power (40x) compound microscope

(I like using the mini-microscopes similar to those available from Nasco or Flinn Scientific for about 
$8.00.  It is a TASCO model 9704.

___ 15cm metric ruler ___ overhead copy of page 2 of student handout
___ calculator  (for students who may have trouble with long division or multiplication)
___ piece of polished shale billet
          (order scrap shale 3” x 5” slabs from Ulrich’s Fossil Gallery in Kemmerer, Wyoming  ~$5.  Call 

307-877-6466 or write Ulrich’s Fossil Gallery;  Fossil Station;  
Kemmerer, WY 83101. Be sure to ask for scrap shale that has good, well-
defined laminations and is very firm.  Flaky shale will crumble when it is 
cut. Once you have the slab, send it to Burnham Petrographics  846-1 
South Myrtle Ave.   Monrovia, CA 91016  (phone 1-800-772-3975) and 
have  “billets” cut.  Request the size of each billet to be approximately 
6mm x 10mm x 16mm.  Each billet cut will cost about $ 0.85 plus the cost 
of shipping/handling.

Summary or overview of activity:  As the introduction on the student handout 
indicates, these compressed sediments are from the bottom of a dried up playa 
lake region.  This lake (actually 3 lakes) covered areas of Colorado, Wyoming 
and Utah during most of the Eocene Epoch, between 40-50 million years ago.  
Students examine a small cut portion of this formation to study the fine 
laminations that make up the now compressed sediments of the lake bed.  Since 
these sediments form in annual cycles of 1 dark band and 1 light band per year, 
it is possible to tell how many years was necessary to form this small sample, 
and by extrapolation, how long it took to form the entire formation.  Students 
each determine the number of varves (years) per millimeter in their own sample, 
and then report this data to the teacher in order to create on an overhead 
histogram of the data.  From the distribution students determine mean, median,      
and mode.

Prior knowledge, concepts, or vocabulary necessary to complete activity:  It would be useful for 
students to have an understanding of the law of superposition, and have a general feeling of the difference 
between absolute and relative dating techniques.  Additionally, knowledge of the difference between 
sedimentation and erosion is pertinent.  Students should have already had some experience determining mean, 
median, and mode for a set of data, but if not, this could be a useful introduction.

Teacher Instructions:
___ 1.  Make an overhead (acetate) copy of the second page of the student handout.  You will need the skeleton 
histogram for the reporting of student data later in the lab.
___ 2.  Set up each lab station (group of 4) with 2 of each of the items in the materials list.  
___ 3.  After a discussion of relative versus absolute dating and perhaps a review of the law of superposition, 
students work in pairs to analyze the billet sample.
___4.  Once students have completed their observations and individual calculations for the number of varves 
per millimeter, have students report their data via the overhead.  All students copy the data in order to determine 
the mean (average), median (middle value when the series of data is placed in order from largest to smallest), 
and the mode (most frequently reported value)
___ 5.  Students may then begin to work on their discussion questions in class or take them home for 
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homework.
Answers to Discussion Questions:
1.  (Answers will vary)  The value is calculated by taking 1mm and dividing by the value in Procedural step #3.  
Varve counts per millimeter will range from about 8-15, depending on the sample. So each student answer 
would be something like 1mm divided by 8 varves =  .125mm, to as small as 1mm divided by 15 varves = 
.0667 mm.  Needless to say, these annual sedimentary laminae are very thin.

2.  Each annual layer is laid down and, unless uplifted, folded and fractured, new layers form parallel to the 
previous layer, much like laying down sheets and blankets on a bed.  The sheet cannot thrust itself through the 
blanket layer and half of it be above the blanket and half below.

3. (Answers will vary)  If a student were to count 8 varves per millimeter in his/her sample,  then a 1 meter thick 
portion of shale would have 1000 times the number of laminae,
1000mm  x  8 varves/mm = 8,000 years.

4.  600 meters x 8,000 yrs/meter  (from question 3)  would yield a value of 4.8 million years.  The numbers the 
students calculate should be in the range of approximately 4-10 million.

5.  (Answers will vary) Tracks of fossil shorebirds, skeletons of flamingo-like wading birds, skeletons of 
freshwater fish, deposits of algae, mudcracks, and accumulations of minerals that develop during severe 
evaporation of lake water are indicative of the lake the deposits suggested by these layered sediments.

6.  These varved sediments formed as the result of gravity on fine water-suspended sediments.  The difference 
in composition of the individual dark and light laminae indicates a different  environment during different times 
of the year.  Dark bands containing rich organic deposits including bacteria and algae are probably the result of 
warmer temperatures when algal blooms are more likely {The sediments themselves are very fine and 
preservation of plants and animals in the sediments indicates shallow water and anoxic (without oxygen) 
conditions}

7.  Relative dating can be understood in terms of the positions of the laminae and any fossils in them.  Those 
that are lower are likely to be older than those higher in the sediment strata.  Absolute dating can be viewed in 
terms of the calculation of a numerical date by counting the annually deposited laminae to determine rate of 
sediment accumulation or length of time for sediments to accumulate.

8.  The unusually thick dark bands that appear occasionally indicate a period of very high algal productivity, 
probably caused by warmer temperatures or variations in the composition of nutrient- rich run-off from 
precipitation/erosion.

9.  These values are determined after the reporting of student data on varves/mm.  

Some valuable references:
  -   Grande, L. The Paleontology of the Green River Fromation with a Review of the Fish Fauna.  1984, second 
edition. Bulletin 63. Geological Survey of Wyoming. 
  -  Surdam, Ronald C. and Claudia A. Wolfbauer, “Green River Fromation, Wyoming:  A Playa-Lake 
Complex.”  Geological Society of America Bulletin, vol.86, pp.335-345, 1975.
  - Baer, James L. “Paleoecology of Cyclic Sediments of the Lower Green River Formation, Central Utah.” 
Brigham Young University  Geology Studies, vol. 16, pt. 1, pp.3-95, Dec. 1969.
  - Strahler, Arthur.  Science and Earth History. 1987, Prometheus Books. pp.233-234

2. Geologist Jere Lipps (UC Berkeley Museurm of Paleontology) offers the following perspective on the 
generally accepted view of these varves, If anyone in your class claims that the Green River varves are not 
annual, share this statement with them, and encourage them to bring in their source.

"The Green River Formation laminae are considered varves, although not
formed under glacial conditions. They consist of a thin, dark winter layer
and a thicker lighter summer layer. These formed by seasonal
events--incresed spring and summer productivity of algae, and accumulation
of finer material in the winter. Some geologists have had a few other
ideas about the Green River Formation, but the seasonal changes accounting for the 



laminations seems secure. Thus, they are annual varves."


