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A minesite is often 

composed of one or more 

large-scale open-system 

components like: open pits.

A Minesite Has Many Components



A minesite is often composed 

of one or more large-scale 

open-system components like: 

underground workings.

A Minesite Has Many Components



A minesite is often 

composed of one or more 

large-scale open-system 

components like: waste-rock 

piles and ore stockpiles.

A Minesite Has Many Components



A minesite is often 

composed of one or 

more large-scale open-

system components 

like: tailings 

impoundments.

A Minesite Has Many Components



• Why are fractal spectral slopes so common in time 

series of minesite-drainage flows and chemistries 

whenever the data have been sufficient to search 

for them? Why are they “ubiquitous” in some non-

mining catchments (J.W. Kirchner, ETH Zürich)?

Questions



What you are about to hear is based on the books and related 

publications below and on case studies like:
Morin, K.A. 2020. MDAG-com Case Study 64 - Minesite components as large physical analogues of first-order low-pass signal 

filters, explaining 1-over-f and other fractal spectral slopes for flows and chemistries. MDAG Internet Case Study #64, 

www.mdag.com/case_studies.html.

Morin, K.A. 2019. Application of Spectral Analysis and Wavelet Transforms to Full-Scale Dynamic Drainages at Minesites. 

Springer Nature (SN) Applied Sciences 1:1058, published online August 2019.  DOI: 10.1007/s42452-019-1102-3

Free MDAG Books on Periodicity, Spectral Analysis,

and Wavelet Transforms



General Energy Balance for an Environmentally 

Open Minesite Component

Et =  TS + Vp + ∑µiNi + qφ +  mΨ +  ½ mv2 + ... (“Equation 2-2”)

where:

– Et = total energy, in joules

– V = volume, in meter3

– p = pressure, in pascal (joules/meter3)

– µi = chemical potential of the ith species, in joules/mole

– Ni = number of moles (particles) of the ith species, in moles

– φ = electrical potential in volts

– q = electrical charge, in coulombs

– Ψ = gravitation potential, in joules/kg

– m = mass, in kg

– v = velocity, in meter/second

– (note: positive and negative signs can sometimes shift with parameter and methodology)

• Other terms can be added to Equation 2-2, such as radiation and biological 

energy.  Therefore, Equation 2-2 is not exhaustive and complete, but is a 

good example of Earth-System Science linking many aspects of the Earth 

into one interactive open system.



General Energy Balance for an Environmentally 

Open Minesite Component

• When we are tracking a change in total energy (dEt ≠ 0) with time and/or 

distance, we can delete terms, or ignore terms, or consider certain terms 

constant in Equation 2-2 above.  This leads to many common equations.  

For example:

• Gibbs Free Energy: dEt = Vdp - SdT + ∑µidNi (Equation 2-3)

• Physical Movement of Subsurface Groundwater: dEt = Vdp + mdΨ (Equation 2-4), 

which reduces to:
– dh = dυ + dz

– where:

– h = hydraulic or piezometric head, in meters, measured as the elevation of groundwater level in a piezometer

– υ = pressure head, in meters, measured as the height of the water column inside a piezometer

– z = elevation, in meters, of the piezometer intake screen.

• Aqueous Geochemistry: dEt = ∑µidNi (Equation 2-7)

• Electrochemistry: dEt =  ∑µidNi + qdφ (Equation 2-8)



Periodicity in One Energy Term, Like Electrical 

Potential, Can Cause Periodicity in Other 

Terms Like Flow and Aqueous Chemistry

• In our previous publications, major links of planetary electricity 

(including ground and atmosphere) were shown with aqueous 

chemistry and physical flow.  These were related to periodicities 

in electrical fields due to principles in electrohydrodynamics, 

electrochemistry, thermogalvanic processes, etc.

• As a result, periodicity in any one term in Equation 2-2, such as 

in electrical potential, can create periodicity in one or more 

other terms like aqueous concentrations and flows.



General Energy Balance for an Environmentally 

Open Minesite Component

In January 2022, the EGU 

Blog GeoLog had an article 

discussing such large-scale 

linkages of open-system 

energies, “What if a tsunami’s 

magnetic field could predict 

the height of the wave?”

Thus, the variation in one form 

of earth energy can cause 

variations in other forms.



Periodicity in One Energy Term, Like Electrical 

Potential, Can Cause Periodicity in Other 

Terms Like Flow and Aqueous Chemistry

The following two slides contain some examples of 

periodicities in physical flow and aqueous chemistry caused 

by various large-scale processes such as the 11-yr sunspot 

cycle, the 2.38-yr quasi-biennial oscillation in tropical zonal 

winds, rotational gravity waves, and various tides driven by 

motions of the moon and sun relative to the earth.



Periodicity in Flow and Aqueous Chemistry Caused 

by Other Periodicities



Periodicity in Flow and Aqueous Chemistry Caused 

by Other Periodicities



• Why are fractal spectral slopes so common in time 

series of minesite-drainage flows and chemistries 

whenever data have been sufficient to search for 

them?  Why are they “ubiquitous” in high-

frequency monitoring of some non-mining 

catchments?

Questions



First-Order Low-Pass Filters

A common type of signal 

filter is called a “low-pass 

filter”.  At wavelengths 

longer than the “cutoff 

wavelength”, there is no 

filtering.  The cutoff 

wavelength is important 

as explained below. 

At shorter wavelengths, 

a first-order low-pass 

filter reduces spectral 

power on a fractal slope 

of 2.  Please note: a 

fractal slope of 2 for 

power is a fractal slope 

of 1 for amplitude.



First-Order Low-Pass Filters

Fractal power slopes of 1 

(1-over-f) are “mysterious” 

and found in many 

sciences and arts. One 

explanation for them is the 

superposition of many first-

order low-pass filters 

operating at one time.  

This can include many 

physical, geochemical, and 

biological processes 

operating at one time 

inside a minesite 

component.



First-Order Low-Pass Filters
• A first-order low-pass “RC” filter is a relatively simple electrical circuit 

containing one resistor and one capacitor.  At wavelengths shorter than 

the cutoff wavelength, this combination reduces the amplitudes of the 

inputs as wavelengths decrease, with a fractal slope of 2 for power and of 

1 for amplitude.  At wavelengths longer than the cutoff, there is no filtering.

The largest capacitor on earth is the earth 

itself and its atmosphere.  The 

capacitance (C) of the earth has been 

calculated at 0.0007 farads.

At minesites, the rock, its 

minerals, and the interstitial water 

create spatial and temporal 

variations in electrical resistance.

Various periodicities of 

energy go in, along 

with water (rainfall).

Various periodicities of flow and chemistry 

come out, with decreasing amplitude as 

wavelength decreases below the cutoff.



Minesite Components as First-Order Low-Pass Filters



Minesite Components as First-Order Low-Pass Filters



• There is a simple equation relating the cutoff wavelength to the 

resistance of a minesite component.

wc,sec = 2 π R C

where:

wc,sec = cutoff wavelength, in seconds

R = bulk resistance, in ohms = 1/siemens = (volts*seconds)/coulomb

C = capacitance, in farads = coulomb/volt

• Replacing C with the earth’s capacitance of 0.0007 farads, R with the 

equation for resistivity, and converting seconds to years:

wc,yr = 1.40x10-10 * r * L/A

where:

wc,yr = cutoff wavelength, in years

r = resistivity, in ohm⋅meter = meter/siemen

L = length of system, in meters

A = cross-sectional area of system in meter2

Calculating the Resistance of a Minesite Component



• For example, some spectral periodograms shown above had a 

cutoff wavelength of ~0.5 years for full-scale drainage flow and for 

pH from a waste-rock pile containing ~90x106 tonnes.  Thus, the 

calculated bulk R is 3.94x109 ohms or siemens-1 for this waste-

rock pile.  

• For L/A = 1.0, the r of this example’s waste rock would be 

3.94x109 ohm⋅meters or meters/siemens.  This value is typical of 

relatively dry metamorphic and igneous rocks as found at this 

minesite.  This supports the plausible explanation of low-pass 

filtering presented here.

Calculating the Resistance of a Minesite Component



• Therefore, based on large-scale low-pass filtering, fractal 

spectral slopes should be common in full-scale minesite 

drainage and in large non-mining catchments.

• And they are indeed found to be common to ubiquitous in 

high-frequency and long-duration monitoring.  

• Thus, fractal spectral slopes in large-scale natural water 

flows and chemistries are not mysterious and unexplainable.

• At smaller scales with lower L/A values (such as in a 

laboratory), the cutoff wavelength can decrease to less than 

one day or one hour.  Thus, their signal filtering and fractal 

spectral slopes would not be detected except at very short 

wavelengths by very-high-frequency monitoring.

Conclusion



THE END


