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Geology 351 - Geomath 

Estimating the coefficients of various  

Mathematical relationships in Geology 
 

     Throughout the semester you’ve encountered a variety of mathematical relationships between various 

geologic variables such as age vs. depth, porosity vs. depth, earthquake magnitude and fault plane area, for 

example. Very often our data are derived from observations and the parameters defining these various 

relationships are useful to us as predictors in other situations. Geologists often deal with empirical data and 

must form quantitative models of geologic behavior based on these observations. These models can be used to 

make predictions and compare behavior observed in different locations, for different minerals, stratigraphic 

intervals, etc. The objective of the current lab is to provide you with some experience in the use of spreadsheet 

functions to derive the coefficients we’ve encountered in linear, exponential, power law and polynomial 

models, etc. that we’ve discussed in class. The data is on the class common drive (H:\) in the FittingLabData 

folder. Inside you will find the DepthAge data used previously along with other data sets that will be referenced 

in this lab guide. If you haven’t already, copy the FittingLabData folder over to your personal network (N:\) 

drive.  

 

 

Example 1: 
GET INTO EXCEL 
 Let's start with a simple linear relationship such as the one suggested between age and sediment 

thickness. Recall the data we worked with in an earlier lab that was taken from problem 2.11 in Waltham's text. 

In this problem, data shown in the table below
*
 were given for the Troll 3.1 well in the Norwegian North Sea.  

This is data you used before and should have on your G:\Drive. 

 

Depth Age 

19.75 1490 

407 10510 

545 11160 

825 11730 

1158 12410 

1454 12585 

2060 13445 

2263 14685 

 

* Data taken from Lehman, S., and Keigwin, L., (1992), Sudden changes in North Atlantic 

circulation during the last deglaciation, Nature, 386, 757-762. 
 

You can place column titles Depth and Age in columns A and B, cells A1 and B1. 

 

 

 

 

 

Make a quick plot of the DepthAge data. We’ll use it to illustrate some curve 

fitting functionality. 
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Your plot should look like that 

shown at right. 

 

Now this plot clearly demonstrates 

that the relationship between depth 

and age is non-linear. Earlier we 

recognized that two straight lines 

are needed to explain these data: 

one curve for depths less than 

500cm and another curve for 

depths greater than 500 cm. The 

graph shows us that sedimentation 

rate decreased abruptly about 

10500 years ago.  

 

 

 

 

 

In our previous analysis of this data we estimated the rate 

of change of age with change of depth from two points in 

each area.   

 

 

Depth

Age




 was computed from data points with depths 

extending from 19.75cm to 407cm and ages from 

1490years  to 10510 years. This yielded 

Depth

Age




=

cm

years
29.23

25.387

9020
 .  

 

We did a similar analysis of the deeper data and obtained 

a more gradual age/depth relationship of  

_________________(Remember how? Refer to your 

earlier work).  

 

 

 

 

 

 

What we want to do now is use Excel to determine the slope of these data for us using all the data points over a 

specified range. We’ll limit our analysis to the deeper data since the shallow data consisting of only two points 

is a trivial case – (there's only one possible answer!). 

 

Excel will compute a trendline to the data. The computation minimizes the deviations of Age observations 

from the computed line. The line that Excel computes is the "best fit" line – trendline. But when Excel 

computes a trendline, it considers all the data points, whereas in our earlier lab we considered only the two end 

points and thus assumed that the other values fell along the general trend defined by those two points. Of 

course, in general, this may not be the case. 
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So begin by deleting the first row of data from your spread sheet. We won't need that data pair for this exercise. 

Delete the first set of x and y coordinates (19.75, 1490).  When you delete that row, your spreadsheet and plot 

will look like that shown below. Note that the graph will be automatically updated to exclude the first data pair. 

 

  

 
Change the age range to extend over the more limited 10,000 to 15,000 year time range (see below). 
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Several of the following examples (1 through 4) are presented solely for 

practice.  

 

The specific homework assignment is discussed on pages 60-61. You have 

the option to pick one of two problems. 

 

Fitting a curve to your data. 
 We assume, in this case that the relationship between Age and Depth follows a straight line over the 

400cm to 2500cm depth range. The assumed relationship is linear in the form: 

 

Age=Slope  x Depth + Intercept. 
 

To determine the coefficients of the line (i.e., the slope and intercept) - do the following: 

Left click on the line to activate it; then right click the highlighted line and select the Trendline option in the 

drop down list that appears. This will bring up the following dialog window: 
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We will be coming back to this dialog window repeatedly in the following exercises. You can leave it open and 

go back and forth between different graphical elements. As you can see from the display there are a variety of 

trendline options. The one we want is the linear, so turn on the linear radio button. We also want to display the 

equation on the chart and to see the value of R-squared. R-squared basically gives you a measure of how 

closely the line fits the data or how good a job a line does in minimizing the sum of the squares of the 

differences of data points from the line.  R2 is referred to as the coefficient of determination and is a measure of 

the “goodness-of-fit.”The trendline, equation and R2 should appear without closing the Trendline window. 

Your plot should look similar to that below.  

 

 
You can increase the font of the Trendline equation and other properties of the Trendline Label. 

 

What are the slope and intercept of the trendline?  

 

The Slope = _______________ 

 

The Intercept = _____________ 

 

What is the sedimentation rate? ___________ 

 

Just for future reference, note that this linear trendline is often referred to as a linear regression line or best-fit 

line. 
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From the trendline equation, we see that the slope is 1.906 years per cm. This suggests that 2632cm of sediment 

will accumulate, approximately, in a 5000 year time period.  

 

Note that the fitted line doesn't pass through any of the data points, but is oriented in such a way as to follow the 

general trend of the data points and to minimize differences between locations of individual observations or 

values and the trendline. Thus, it is a “best-fit” line. 

 

If sedimentation had continued at this rate, what would be the age of the surface exposure? 

 

Example 2: 
Exponential Curve Fitting: 
Recall from the discussions in the text and lecture that porosity (in some areas) may decreases exponentially 

with depth according to the relationship 
 /

0
ze .  Let's see if this general relationship holds for 

porosity depth observations made in the Stratton-Nordvick #4 well shown in the table below. 

 

 
 

As illustrated in the plot (above), the porosity values drop off rapidly with increased depth. Porosity values 

approach zero below depths of 5 kilometers or so. Determine the "best-fit" parameters  and 0 in the assumed 

exponential relationship stated above. 
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We do this just as we did above for the age-depth data. Activate the line (left click it) and then add a trend line. 

In this case, we choose the Exponential option (see below).  

 

We’ll also display the best-fit equation and R2 (coefficient of determination) on the chart. Close and then format 

the Trendline Label. Your plot should look similar to that below. 

 

o=0.503 

=1/0.45 



 55 

  

The exponential decay relationship 
bzae defines the general trend of the porosity depth variations quite 

well. 

 

You get the values of the coefficients o and  from the trendline equation! In this example,  a =o= 0.5, 

and b =1/ so that  = 1/b = 1/0.45 or 2.19km.  

 

What do the constants in the equation defined as Y represent? The independent and dependant variables in the 

excel equations are always identified as x and y.   

 

The resultant model 
19.2/5.0 ze could be used in nearby areas to predict the porosity at a given depth 

within a given reservoir interval. Note we have rounded off  o from 0.503 to 0.5 and that =2.19km. 

 

There are two additional points to make: 1) the goodness of fit (R2) is OK but not exceptional. 2) The intercept 

of the best fit line is 0.5 not 0.6.  The goodness of fit is a little low because there is considerable scatter in the 

data. We could refit the trendline and require that the intercept equal 0.6.  

 

To illustrate these two points a little differently, realize that the exponential form of this equation can be 

transformed into a straight line by taking the log of the porosity, where the natural log of 

 /
0

ze yields  /)ln()ln( z . Let’s make this transformation graphically by changing 

the scaling on the  axis to logarithmic rather than linear. To do that highlight the  axis and RC >> Format 

Axis to bring up the following dialog. Check the logarithmic scale as shown below and you should see the plot 

auto scale to log . 
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In this “Log-Linear” graphical display, the relationship is transformed into a straight line and, as expected, 

indicates that the natural log (or any log) of the porosity  should vary linearly with depth z. Also note that the 

best-fit line is straight as it should be. The individual data points fall along this straight line but considerable 

scatter appears in the lower porosity values. In this format, it is easier to see where most of the error comes 

from. The data are “noisiest” at the greater depths. At greater depths the  variations flatten out and approach 

zero. Also note that on the log scale these fluctuations are enhanced since on a logarithmic scale, variations 

from 0.001 to 0.01 will be as great as those from the much larger range 0.01 to 0.1. 

 

Now, with your Format Axis window still open, uncheck the log scaling box. Click on the “best-fit” line and 

delete it. Now click on the data series (notice how the format box remains open and has shifted to Format 

Chart), RC & then Add Trendline. Check off the Exponential Radio button, set the value of the intercept to 0.6 

and check off the Display Equation and R2 boxes. 

 
Note that although we haven’t reduced R2 by very much, that we have much better fit at shallower depths 

where the most significant  variations occur (0 to 4 km).  

 

 

 

  

 

 

MORE NOTES? 
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Example 3: 
Polynomial Fit 
In Chapter 2, Waltham gives us the following Depth versus Temperature data for Earth. We discussed the 

relationship earlier in class when we introduced the general class of functions referred to as polynomials. You 

may want to refer back to those notes and to the text for additional discussion at this point.  

 

Depth (km) Temperature (0C) 

0 10 

100 1150 

400 1500 

700 1900 

2800 3700 

5100 4300 

6360 4300 

 

Open the DepthT.xls file in the FittingLab Folder and generate a plot.  

 

Waltham considers two possible functional 

relationships between T and z:  

1) 01
2

2 azazaT  , and 

2) 01
2

2
3

3
4

4 azazazazaT 
. 

These are two polynomials. 1) is a second 

order polynomial  (the quadratic) and 2) is a 4th 

order polynomial.  

 

 

 

 

 

 

 

 

 

 

 

After you have your plot formatted and labeled, click on the data series and RC to get the Data Series Trendline 

dialog window. Note that in the Trend/Regression type list, there is a polynomial fitting option. When you 

select the Polynomial it will probably default to order 2 and your graphical display window will automatically 

be updated to include the best-fit quadratic. Select “Display Equation on Chart” and “Display R-squared  Value 

on Chart.” 

 

Relocate and format your equation and R2 text box. When done, your display window should look something 

like that shown on the next page. 

 

You may have to format trendline label (RC on label box edge) and select Format Trendline Label. Change 

type to number and put in 5 decimal places. Vary as needed. The number of decimal places depends on the data 

set.  

 



 58 

 
 

Now repeat the above, but use a 4th order polynomial. If you’ve left your format window open, you can get 

back to the Trendline dialog just by clicking on the trendline in your plot. Change order 2 to 4; delete your 

equation and R2 text box; click on the trendline again; check off the show equation and R2 check boxes and you 

should have a plot that looks like that below with updated equation and R2.  

 
 

Make note of the coefficients a1, a2, a3, etc. and compare them to those Waltham lists on page27. Note that he 

uses a, b, c, and d, instead of a4, a3, a2, etc. These coefficients define the relationship  
1 2 3 4

0 1 2 3 4y a a z a z a z a z      

Note that the value of R2 has increased slightly since the higher order fit is a better one.  
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The parameters and general shape of our result is different from that of Waltham's. If you look at Waltham's 

data plot in Figure 2.8, it appears that he excluded the first data point from consideration in the fitting process. 

This is easily done. If you delete the Depth and Temperature values in the first line, the plot will automatically 

be updated. We get a result that agrees much better with Waltham's (see below). 

 
 

 

Example 4: 
Power Laws 

Notice that the coefficients defining a power law relationship such as a and b in the equation N arb could be 

estimated using the Math, Fitting, Power Law option. Give it a try. Use the following table of data (file  in the 

Fitting Lab folder). 

 

R N 

1 10000 

2 3789.29 

4 1435.87 

8 544.094 

16 206.173 

32 78.129 

64 29.604 

128 11.22 

256 4.25 

 

 

You will find that a is 10000 and b is -1.4. 
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Homework assignment: 
 
You only have to do one of the following two problems. However, you can do both and 

get up to 10 points extra credit for doing the second. You must specify which your 

main assignment is and which the extra credit assignment is if you choose to do both. 

This makes a total of 35/25 possible points for this lab.  

 

Option I: This problem examines another exponential process. 
/

0

x Xt t e (see discussion of in 

problem 4.5 in the text), which defines a relationship between thickness of the bottomset beds (t) at the foot of a 

delta (see figure below) and the distance from the onset of the bottomset bed (x);  to and X are constants. 

 

Following the format of Example 2a, determine the constants to and X given the following measurements of 

bottomset bet thickness (t) and distance (x).  

 

 

 
From the Maine Geological Survey site 

http://www.maine.gov/doc/nrimc/mgs/explore/surfi

cial/facts/dec03.htm 
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Follow the procedures illustrated for example 2a and determine the 

constants to and X for the bottomset bed thickness/distance measurements 

tabulated above. Estimate the thickness of a bottomset bed at a distance 4.5 

km from the bed start. 

 

Option I - Presentation format: 
1. State the problem (2 points) 
2. Include your plot of t vs. x (8 points properly labeled with title and name) 
3. Include a plot of the "best fit" line in the above plot along with its equation (4 points) 
4. Explicitly state what the derived values of to and X are, and note their units (3 points) 
5. Show your calculations of t at x = 4.5km (5 points) 
6. Explicitly state your result (3 points) 

 
 
Total of 25 possible points 

 

 

X (km) t (meters) 

0 20.354 

0.2 16.545 

0.4 11.204 

0.6 11.072 

0.8 5.464 

1 4.221 

1.2 3.471 

1.4 3.124 

1.6 3.416 

1.8 0.509 

2 1.550 

2.2 1.788 

2.4 1.980 

2.6 1.187 

2.8 0.397 

3 1.887 

3.2 0.750 

3.4 0.830 

3.6 0.801 

3.8 0.773 

4 0.020 

The data listed in the table at right can be found on your 

common (H) drive in the file BottomSetData.xls 
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Option II: 
You are given the following earthquake frequency/magnitude observations for an area in central Japan. 

 

Magnitude (m) N (M>m) 

2.5 606 

2.75 274 

3 175 

3.25 96 

3.5 60 

3.75 33 

4 26 

4.25 15 

4.5 10 

4.75 5 

5 3 

 

Estimate the parameters b and a in the Gutenberg-Richter relationship - 

log N bm a    

Given these estimates of b and a, determine how frequently a magnitude 6 or greater earthquake can be 

expected in this area. The answer should be expressed in terms of the time period in which one magnitude 6 or 

greater earthquake can be expected to occur. In other words, your analysis will yield the time in years during 

which you would expect to see at least one magnitude 6 or greater earthquake. What is that time interval? You 

already solved this problem in an earlier assignment.  

 

Hint - let m =6 in the above equation. 

 

 

Option II Presentation format: 
1. State the problem (2 points) 
2. Compute the log(N) and plot log(N) versus m (8 points properly labeled with title and 

name) 
3. Include a plot of the "best fit" line with equation  (4 points) 

4. Explicitly state what the values of b and a are in the formula log N bm a    (3 

points) 
5. Present your calculations of the recurrence time during which one magnitude 6 or 

greater earthquake is likely to occur (5 points) 
6. Explicitly state your result (3 points) 

 
Bring questions to class Tuesday after the midterm. 
 
The assignment will be due Thursday, the week after midterm. 
 


