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Career as geophysicist spent looking YNAMIC
underneath the surface of the ground EASUREMENT

H. Roice Nelson Jr.: Quixotic geophysics

| Dotores PROUBASTA, associate editor, TLE

(®IH.R. ®AK

asssssas “When it comes down to what wisdom
is all about, it is about the stories and the
transfer of experiences. We are not cap-
tories, and they will dissi-
got this great big bubble of
experience that’s moving into retirement,
we are not replacing it, and what we’re
going to end up with is horrendous gaps
of kr we are not taking
advantage of the previous generation’s vast
experience.”

Hooward Roice Nelson Jr. grew up on a farm flanked by
stratigraphic and metamorphic geology in southern Utah.
After school and chores, rather than play he would explore
the land on horseback or build things. Music provided a
social outlet for the shy youngster. On 24 February 1964,
inspired by The Beatles” debut on American television, Roice
and four other junior high schoolers gathered in that hotbed
of rock 'n’ roll, a garage, from which they emerged as “The
KeyNotes,” with Roice the lead and rhythm guitarist.

2003 The Leading Edge

“Think outside the box? — He doesn’t even
know there is a box!”

— An interview with Roice Nelson

Roice Nelson is an experienced explorer who has been successful in both
entrepreneurial and technical roles in the oil and gas industry. Roice was
honoured by the SEG with the Cecil Green Enterprise Award in 1999.

Roice is best known as the initial founder of Landmark Graphics
Corporation, where his insight lead to the company providing interactive
seismic interp ion tools especially for interpreting 3D seismic data.
Before that he was a Senior Research Scientist at University of Houston’s
Seismic Acoustic Laboratory (SAL). Under his dynamic leadership four new
labs were created from SAL that resulted in increased sponsorships and
growth in p l. He is a well-published author who has presented
famously at Conventions and Workshops. His name is also familiar through
his book entitled ‘New Technologies in Exploration Geophysics” published
by Gulf Publishing Company in 1983. This book was well ahead of the times then and forecast the impact that
interactive interpretation technologies would have in our industry.

2008 CSEG Recorder

ANNUAL GEOPHYSICAL REPORT, p. 50

1991 O&G Journal Cover

T T —————=

Use our special reader service card, p. 97
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DML Started with 2 Questions: I ENT
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15 Can lightning
It twice at the
same place?

2. [DOES this
A mean there is oil
\’ OGN My property?

Strikes from 1 storm (colors Peak Current ) 27 Sep 2011, Hockley Dome, Harris County, TX

Copyright © 2017 Southern Utah Rock Club 3
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The Answer to Both Questions is Yes!

The answer to the first

~ question s “yes,” lightning
e strikes cluster and the clusters
4 are consistent over time.

E= . he answer the second
& question is “there is oil here,”
§ = as shown by the tanks now at
. 8 the location of the lightning
&8 strikes raising the questions.

-,

Copyright © 2017 Southern Utah Rock Club 4

Dynamic Measuremen tLLC.




YNAMIC
EASUREMENT

Presentation Outline

Milam County Texas apparent-resistivity Volume

1. Lightning Occurs Everywhere
2. Lightning Database Analytics

3. Lightning Analysis & Attributes

4. Rock Property & Attribute Maps & Volumes

5. Arizona, Louisiana, Michigan, & Texas Examples

Copyright © 2017 Southern Utah Rock Club 5
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1. Lightning Occurs Everywhere YNAMIC
5+ years of data iIn GLD-360 database EASUREMENT

GLD360 Data
strokes/sq km/year
W 32 andup

16 t032
B 8 to16
I 4 to38
2 to 4
1 to 2

oy B 05 to 1
B 025t 05

s, 22 ~ VAISALA

Stroke Density Map - 20 km grid May 6, 2011 - May 5, 2015 GLD360 data

Copyright © 2017 Southern Utah Rock Club 6
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The U.S. has the most complete database yuamic
18+ Years of Data in the NLDN Data Base

Avg Flash Density
fVsq km/year
H mww
W0 e

Originally Collected for Insurance, Meteorology, and Safety Reasons

02 March 2017 Copyright © 2017 Southern Utah Rock Club 7
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Sensors Measure

%NAMIC
_ _ _ EASUREMENT
Direction to Strike &

Lightning Attributes

Strike Triangulated &
Measurements Reconciled

Southern Utah Rock Club 8

Vaisala: Martin Murphy
2016 Webinar used with permission




EASUREMENT

| { ] ! -

Vaisala’s NLDN Lightning Detection Network %YNAMIC

/}i!“'
« ~.'| In Texas 12-24 sensors record
each lightning strike

Location Accuracy:
150-600 feet

Lineament Accuracy: From 2016 Vaisala
10-100 feet Webinar: Martin Murphy,

used with permission

Geophysicists have used passive
gravity, magnetic, and seismic
measurements to understand the
subsurface of the earth for
decades. Using existing lightning
strike databases expands this work.

Copyright © 2017 Southern Utah Rock Club 9
Dynamic Measurement LLC.




%YNAMIC
2. Lightning Database Analytics EASUREMENT

« Typical projects have millions of lightning strikes.
« To date all projects have tied subsurface control.

« Attributes are measured or calculated for lightning strike locations, then
contoured or gridded.

* Lightning strike density and attribute values cluster, and these clusters
are somewhat consistent over time, allowing the data to be stacked.

« Lineaments, like fault scarps, have been mapped with 30 foot horizontal
location accuracy.

Copyright © 2017 j Southern Utah Rock Club 10
M

Dynamic Measurement LLe.




' ' YNAMIC
Lightning Measurements NAMIC T

* [ ocation

* Time and Duration

* Rise Time

* Peak Current

* Polarity

Current (kA)

* Peak-to-Zero

* Density

e  Other attributes calculated from these measurements.
«  The time of the lightning strike is correlated with solar and lunar tides.
« Measurements separated by time.

Copyright © 2017 Southern Utah Rock Club 11
Dynamic Measurement LLC.




3. Lightning Analysis & Attributes %Nfs“{',ﬁ’mgm

Analysis area selected.
Patented and Patent-Pending Processes produce maps and
volumes of derived rock properties and lightning attributes.
3. Existing geology and geophysics integrated with new data.

N =

o 1 2 3 4 5 Miles

Lightning Attribute: Rate of Rise-Time — Milam County, Texas

Copyright © 2017 Southern Utah Rock Club 12
icM
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Method for locating sub-surface natural resources

USD0834472182

a2 United States Patent (o) Patent No.:  US 8,344,721 B2
Nelson, Jr. et al. (45) Date of Patent: Jan. 1, 2013
(547 METHOD FOR LOCATING SUB-SURFACE {517 Imt, .
NATURAL RESOURCES G R S1a2 (2006.00 )
GOIN 27400 (200601 )
(75} lnventors: H. Roice Nelson, Jr., Houston, TX (US]; Le (2006.01)
Joseph H. Roberts, Houston, TX (US); (520 US.CL e 324072 3240710 70274
Iy, James Slebert, Katy, TX (LI5); Walf (58)  Field of Classification Search ... 324/72,
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(*)

(21)
(22)

(65)

F. Massell, Conroe. TX (US): Samuel .
LeRoy, Houston, TX (US): Leslie R.
Denham, Houston, TX (175) Rohert
Ehrlich, Salt Lake City, UT (1S);
Richard L. Coons. Katy, TX (U5)

Assignee:  Valsala Onj, Helzinki (Fl)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.B.C. 154(b) by 39] days.

Miotice:

Appl. Mo 12/655,810
Filed: Jan. 7. 2000

Prior Publication Data
US 201 1/0163733 Al Jul. 7. 2011

F24071.0 7024
See application file for complete search history,

(56) References Cited
L5, PATENT DOCUMENTS
SAITZE2 A * SIS NIX e 14
2000 IET ALY L2000 Kambinetal. e 7024
¥ gited by examiner
Primary Examiver — Amy He

1741 Awergev, Agemt. or  Firm — Portland  Intellectpal

Property, LLC
(37 ABSTRACT

A method for locating sub-surface natural resources. The
method utilizes lightning data to discern relatively likely
lncations for finding the sub-surface natural resounces.

16 Claims, § Drawing Sheets

Copyright © 2017
Dynamic Measurement LLC.
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Natural Resources defined as:

Diamonds;

Other Gemstones;

Gold;

Silver;

Copper;

Other Minerals;
Geothermal Deposits;
Oil;

Gas;

Water; &

Other sub-surface natural
resources sharing inherent
similarities.

Southern Utah Rock Club 13




Dynamic Measurement LLC Patent 2
Method for determining geological surface and subsurface resistivity

YNAMIC
EASUREMENT

AT IECAU R MU0

YNAMIC
EASUREMENT

1 United States Patent

Denham et al.

US009523785B2

US 9,523,785 B2
Dec. 20, 2016

(10) Patent No.:
(45) Date of Patent:

(534) METHOD FOR DETERMINING
GEOLOGICAL SURFACE AND SUBSURFACE
RESISTIVITY

(71) Applicant: Dynamic Measurement, LLC, Cedar
City. UT (US)

(72) Inventors: L. R. Denham, Houston. TX (US): H.
Roice Nelson, Jr., Cedar City. UT
(US). D. James Sicbert, Katy, TX (US)

(73) Assignee: Dynamic Measurement, LLC

(57) ABSTRACT

A method for determining geological subsurface resistivity.
The method includes obtaining a set of lightning parameters
associated with a lighting strike received by a geological
volume of material, the set of lightning parameters including
an indicium of the current of the lightning strike at a first
mitial time and an indicium of the current of the lightning
strike at a first decay time subsequent to the first initial time,
and inferning the resistance of the volume of geological
material, at least i part, from the set of lightning param-
elers.

6 Claims, 2 Drawing Sheets

Copyright © 2017

Southern Utah Rock Club

Dynamic Measurement LLC.
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4. Rock Property & Attribute Maps & Volumes

YNAMIC
EASUREMENT
Key Assumptions:

1. Lightning occurs when there is sufficient charge to bridge the capacitor.
2. Lightning is affected by geology to a depth proportional to cloud height,
as derived from Peak Current

*.33:“:’ “‘—\‘-wUpper Capacitor Plate
T . — T +15 km
: -
- z\"\

i T T +10 km

Upper Plate + *S.km

Peak Current ~c Cloud Height
Sea Level
Lower Plate -\ _smm—m— T =~2Em
e
4+ =10 km
/
,‘—7
Lower Capacitor Plate L 215 km

Copyright © 2017
Dynamic Measurement LLC.
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Relaxation Oscillator Physics and Lightning %‘E”fs"{','&mm

(a giant neon tube)

O ? O : _
A * The atmospheric capacitor Is
like a relaxation oscillator
Vin == » Just an additional resistance
R (R,) limiting the current
o—W— .
o——————FO0
: . A
* R, Is the resistance
between the lightning (et
strike point and the Vin ——
bottom plate of the R, R,

capacitor ~ AA/ AAA—C

Copyright © 2017 Southern Utah Rock Club 16
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Lightning and the Induced Polarization Effect ﬂn‘é"’fs“{',ﬁmm

R I « Lightning does not have a
| SEES=SSESEE= square waveform
N * But it does have a very steep
SllEEee—ee=e==—==cce onset
SESSS « Variations in the onset as

— 4

Current

—

Y

\ | measured (rise-time) show
== the IP Effect

By treating this steep onset
as charging a capacitor (C2)
through a resistor (R3), an
apparent capacitance can be
calculated.

* From the apparent
capacitance a value for
apparent permittivity can be
calculated

Copyright © 2017 Southern Utah Rock Club 17
Dynamic Measuremen tLLC.
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%YNAMIC
Stratton Apparent-Resistivity Sections EASUREMENT

South_Texas Stratton South_Texas
1 5REA 267173 1407106

1607 46

60

a00

o
o
o
o
o
o~
o
o
ok
=t
=

. ——— . g Y o’
10,000 feet 2 e 2 ’ 7,500 fest
3,000 meters S i 2,500 meters
@ = N _ =

Working on calibrating depth and calculated vs. measured resistivity

Copyright © 2017 Southern Utah Rock Club 19
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Study Area - Geology and Structure
Corpus Christi from Ewing (1986) e ASUREMENT

TR r e

Stote woters ehevation
yLond surface 2ep2e 195005 /e 23E4E /.

ol BN w2 —
T\

20epiE ity of Corpus Ohviet 21ep2E espos 22€|3e - _ Mees? 3epac 24€|
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{
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2016 Lightning-Derived Resistivity Cross-Sections pnamic
Match Geology on 1986 Ewing Interpretation Overlay

Red and Green Arrows show faults correlated between

Ewing cross-sections using Ewing fault plane maps
(Fault Overlays Ewing 1986)

Copyright © 2017 Southern Utah Rock Club 21
Dynamic Measurement LLC.




YNAMIC
D-D’ Close-Up on Graben on A-A’ without overlay | /MEASUREMENT

olor Bar 4
& AMPLITUD.. v
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Red and Green Faults were major faults on Ewing’s maps. Note high apparent-resistivity events
(bright) appear to have plumes above these faults.

Copyright © 2017 Southern Utah Rock Club 22
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D-D’ Close-Up on west Graben ]//QAVNAMIC

Interpretation 1986 by Tom Ewing, Apparent Resistivity 2016 from Lightning Databases EASUREMENT

olor Bar D | E ] / Lonu 'WW' ws 22{3! ”
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Note: interprtation by Tom Ewing in 1986. The resistivity section calculated$fom lightning in 2016.
| Co-located sections show breaks where faults were interpreted. There are resistivity plumes tied to faults.

Copyright © 2017 Southern Utah Rock Club 23
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E-E’ on the Northwest End of Ewing’s C-C’ %VNAMIC
EASUREMENT

Note offsets in adjacent T.' I : .ﬂ' T -
“Packages” of Higher Values .. o el ARl i i
of Apparent Resistivity . '

Copyright © 2017 Southern Utah Rock Club 24
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YNAMIC
Lightning Attributes - Peak Current — 3 of 20+ EASUREMENT
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YNAMIC
Lightning Attributes - Spike - 2 of 20+ Attributes EASUREMENT
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YNAMIC
5. One Last Texas Example EASUREMENT

Acquired by Environmental Observed .
Geophysics Associates. Fault Scarp (FaUIt A ) USGS Survey

Marker F1254
NW @ Hockley Fault SE
0

540 Ohm-m

Depth (ft)
-}
-3
-]

Tteration = 4 RMS = 6.91% “~RNormalized L2 =

After M Saribudak, Leading Eage,

Feb 2011

Additional faults suggested.

° -
........................

Interpreted buried faults

2-D Resistivity Survey ties Lightning-Derived Resistivity Cross-Section

Copyright © 2017 Southern Utah Rock Club 27
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Strike Density

5. Louisiana Example

Density Map

&

Copyright © 2017
Dynamic Measurement LLC.
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- TR
= Attributesmap shows

¢ sait Dofés. ih Sah&ATes

)
a-\-

Rate-of-Rise-Time Map
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5. Michigan Example %YNAM,C
High Resistivity to SW on B-2 Horizontal-Slice | /"=ASUR=VENT

with Oil & Gas Wells in Analysis Area posted (note lineaments)

Copyright © 2017 Southern Utah Rock Club 29
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I - I YNAMIC
5. Arizona Examples: Resolution Copper %EASUREMENT

NLDN Peak Current & Rise-Rate

-1

-4 -111"68" -1
33%20

PTR:
L 3320 33%2¢ -

33118 4| - 33°18" ETRTI | ety
-10 §
0%
20
! &
-30 2
S0
40 o —_—
: o0 W) RiseRate ® .
3316 - 33°16 3371 e L R TR 33946
~111°%0¢' . —1m -111%0¢' : —11
railes railes
0 1 0 i
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Three Example SPOTSM A MENT
Apparent-Resistivity Cylinders

N 10000 fedtt

® Cube 2 (TVD)

o
8
8 2 miles B
5
g

ﬁ‘_—
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YNAMIC

Integrating Resistivity in Three-Dimensions EASUREMENT

. ® Cube 2 (TVD)

7
0,
A
"
L]
.
w
0

&
s

N> B E
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Comparing NLDN and GLD-360 data %"E’VA“S“{’,’&MENT

NLDN Density 1998-2015 & GLD-360 Density 2012-2015

—111 —iio —iyem i i .
LD L 30 | 3t

25718 Faey o | e B | B (SRS RN SR |
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1 17
16 1é
: i
14
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2 3
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YNAMIC
California — Apparent Resistivity Map EASUREMENT

Horizons Foint 161110_Resistivity_interpolate

il ® Map 5 (TVD)
olor Bar (2]
= 161110_Resistivity_interpolat...

7,500 feet ad
2,000 meters

Copyright © 2017 Southern Utah Rock Club 34
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5. California — Apparent Resistivity Sections |EASUREMENT

Blackhawik3D
371 1 96 111 1203

JE——

L300

IL200

1481139 M4737T 2r9i415

L

7,500 feet

2,500 meters
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YNAMIC
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Not-Yet-Initiated Southern Utah Plans VNAMIC
to use this technology (because of cash flow): EASUREMENT

Define aquifers;

Explore for undiscovered mineral deposits;
Map potential new geothermal deposits;
Predict where lightning strikes could start a forest fire among
all of the dead trees on Cedar Mountain;

Optimize real estate development to avoid lightning strike
concentrations;

Find areas needing cathodic protection along natural gas
pipelines;

Identify areas where telluric and terralevis (shallow earth)
currents are bleeding electricity off of high power
transmission lines;

|_ocate places to look for unique rocks;

02 March 2017 ‘ EtC Copyright © 2017 Southern Utah Rock Club 37
i ' Dynamic Measurement LLC.
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Acres 1,805,485 $232 350 $0.13
Sg.Km. 7,306 $31.80

Sq.Mi. 2,821 $82.36

Acres 3,093,510 $280 000 $0.09
b}
Sg.Km. 12,519 $22.37

Sq.Mi. 4,834 $57.93

Acres 2,102,048 $244 020 $0.12
Sg.Km. 8,507 $28.79

Sq.Mi. 3,284 $74.57

7000614 $371,560 ~ $0.05
28,331 $13.12

10,938 $33.97

Acres
Sg.Km.
Sg.Mi.

39



TR Identifying
4 YNAMIC
- Places to %AEASUREMENT
Collect
Unique Rocks,
A Suggested Process:

1.

D.

Copyright © 2017 Southern Utah Rock Club 40
Dynamic Measurement LLC.

Start with existing state
geologic quads (this is the
St. George Quad);

Purchase lightning data
maps and volumes;

Map faults with potential
hydrothermal alteration;

Integrate data types and
local knowledge;

Go exploring in the field.



Lightning Density Maps show where to 100k for | ifea8uremenT

L_odestone

What is a Lodestone?

| odestones are rocks that are magnetized. They are made of Magnetite , a type of iron ore. Magnetite itself is

not necessarily magnetic. A piece of magnetite that is magnetic qualifies as a lodestone.

What makes a Lodestone magnetic?

For a piece of magnetite to become magnetized it must be exposed to a magnetic
field. The weak magnetic field of the earth is not strong enough so another source
must be looked to. One way it may occur is by lighting strikes on magnetite causing

the magnetite particles to align in the right way to produce a magnetic field.

The first compasses were made over 2000 years ago using lodestones. If a long
piece of lodestone is freely suspended it will rotate until it igns up with the Earth’s

poles. Early navigators were able to use lodestones to help them find their way.

02 March 2017 : Copyright © 2017 Southern Utah Rock Club 41
Dynamic Measurement LLC.




| YNAMIC
|_odestone Examples %EASUREMENT

Utah Is a major source of iron ore and in particular,
natural magnetic ore called lodestone or magnetite.
These particular specimens both very rich in iron,

making them magnetic. Copyright © 2017 Southern Utah Roec Cub 42
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Fulgurites are fused sand from lightning strikes fE ASUREMENT

.y
Rock fulgurite (circled in 2/2
white) found on quartzite
at the summit of Mount
Mount Raymond. U.S. quarter for Raymond in the Wasatch
Range, Salt Lake County,
scale. Utah. Hammer for scale.

Sand fulgurites found onthetop of 1/2

02 March 2017 : Copyright © 2017 Southern Utah Rock Club 43
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Smoky Quartz vugs tie hydrothermal alteration | MeASUREMENT

Geologic information:

The Mineral Mountains, located in Beaver County, make up the largest exposed plutonic body in Utah.
Rock compositions range from quartz monzonite in the northern half of the pluton to granite around
Rock Corral Canyon in the south. Excellent crystals of smoky quartz and feldspar are found in vugs or
cavities in the granite. They formed when cooling fractures in the granite were filled by |ate-stage
pegmatites consisting of quartz, microcline, and plagioclase. Quartz occurs as clear to smoky, euhedral
crystals up to three inches long while microcline is commonly found as euhedral, equidimensional
crystals averaging approximately 0.75 inches in width. Occasionally, large pseudomorphs of limonite
after pyrite can be found in these areas as well.

Copyright © 2017 Southern Utah Rock Club 44
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Sunstones and Topaz deposits are associated with YNAMIC
lightning mappable underground geologic processes | | /MEASUREMENT

Topaz crystals.

Sunstones collected
at Sunstone Knoll,
Millard County.

Copyright © 2017 Southern Utah Rock Club 45
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YNAMIC

Predicting sites of volcanics, EASUREMENT

mineralization, & alteration

Wayne County

minerals: Bixbyite with amethyst found in
rhyolite.

-~/
Cal/ncwllc

Capitol Reef
National Park

/'\Ej:uur m\w.ﬂ/\_/) te

~ collecting
area

How to get to agate, chert, jasper,
and petrified wood collection site
near Caineville, Wayne County, Utah.

Snowflake obsidian collected in the Black Spring area, Black Rock Desert, Millard County.

Copyright © 2017 Southern Utah Rock Club 46
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Where sedimentary YNAMIC
rocks with fossils EASUREMENT

outcrop can be predicted from
lightning volumes

Abundant trilobite fossils, including Elrathia kingi shown here,canbe 2/2
found within the Wheeler Shale east of Notch Peak in the House

Range. Many of the dry desert peaks of western Utah tell a story of

shallow tropical seas. As much as 500 million years of deep burial,

uplift, and erosion have changed layers of organic mud to dliffs and

ledges of layered limestone. Closer inspection reveals abundant

fossils, evidence of ancient sea life. Notch Peak, House Range, Millard
County, Utah Photographer: Michael Vanden Berg

Cambrian-age shales from western Utah's House Range contain millions of fossilized trilobites, such as this 1/2
specimen of Elrathia kingi. Trilobite, House Range, Millard County, Utah Photographer: Michael Vanden Berg

Copyright © 2017 Southern Utah Rock Club 47
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- Red & Green Beryl

are a direct result of hydrothermal alteration

Specimen of red beryl from the
B Ruby-Violet claims in the Wah Wah
| Mountains. U.S. quarter for scale.

YNAMIC
EASUREMENT
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Green Gold

Oh, what a little hot water
can do to boring old shale
BY ROBERT KUNZIG

cfore the Spanish conquest of what is
now Colombia, people in the mountains
north of Bogoti are said to have thrown
emeralds into Lake Guatavita, Once a
year the Indian ruler would cover him-
self with honey and gold dust and at
daybreak have his men row him out into
the lake. As he plunged

= ) into the water, offer-
ing the gold to his god, the crowd
on shore would throw in their own
offerings. The rich ones chucked
in emeralds.

When the Spaniards finally
found the Indian emerald mines
after decades of bloody search-
ing, the Old World went
crazy for the New World's
gems. Although the Egyp-
tians had begun mining emer-
alds near the Red Sea as carly
as 1650 B.C.—and emeralds had
long been symbols of immortal-
ity, cures for dysentery, and pre-
servers of chastity—the new Colom-
bian gems were the clearest, biggest,
and greenest anyone in Europe had ever
seen. They still are: the same mines remain in operation,
accounting for 60 percent of the world’s production.

Emeralds are valuable because they are rare, rarer than
diamonds. They are rare, says geologist Alain Cheilletz of
the Center for Petrographic and Geochemical Research in
Nancy, France, because they are a mixture of elements that

7. .. Emeralds

because a few of the aluminum atoms in their crystal struc-
ture have been replaced by atoms of chromium or vana-
dium. Neither of those elements has any reason to meet up
with beryllium; they and it belong to twao different chem-
ical families that drifted apart billions of years ago.

Soon after Earth was born, when it was young and
mostly molten, a lot of silicon and aluminum rose to the
surface, like a kind of scum, then cooled, forming the first
continents. Most of the iron stayed behind in the mantle
or sank into the planet’s core. Other elements chose one
of those two fates, too, based on their weight and size.

Because of this parting of the clements, Earth's surface
rocks are segregated into two
realms, like yang and yin: light
and dark, crust and mantle, con-
tinent and ocean bottom, Geol-
ogists call the light minerals fel-
sic and the dark ones mafic. The
paradax of the emeralds, as Cheil-
letz calls it, is that beryllium
belongs to the light, felsic,
continental side, whereas

chromium and vana-
dium are from the
dark, mafic, oceanic
side. Emeralds, in
other words, are yin and
yang in a single crystal.
“The whole problem in our
research,” says Cheilletz,
“was to figure out the geo-
logic conditions that could
permit these two elements
to meet at the same time
and place.”

The answer, they discovered, has to do with plate tec~
tonics, the ceaseless shifting of Earth's crust that smashes
continents together to build mountains. Every now and
then, when an ocean disappears between two colliding con-
tinents, a chain of volcanic islands or a slab of seafloor gets
beached on land. As a result, the continental crust has over
the eons lost its original purity; it has become a patchwork

A sparkling Colombian
emerald born of the
drabbest black shale.

For centuries emeralds were thought to cure dysentery and even preserve chastity

don’t ordinarily get a chance to mix: “They are a mineral
that shouldn't exist at all.”

An emerald is a type of beryl, a mineral made of beryl-
lium, aluminum, silicon, and oxygen. All those elements
are common in the continental crust, so beryls are not rare.
But whereas ordinary beryls are colorless, emeralds are green

thar includes oceanic rocks, and thus traces of chromium
and vanadium, along with the continental rocks that are
laced with beryllium.

To make an emerald, though, those elements have to
come together in a single hot liquid. The most common
place for it to happen is underneath a young mountain
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range. Where the edges of two colliding plates stack up,
continental rocks can get dunked so deep into Earth that
they melt again, liberating 2 great balloon of magma that
rises back through the crust. Ata depth of around six miles,
the magma reaches its level of neutral buoyancy, stops, and
begins to cool and solidify 2s granite. From the top of this
cooling mass, streams of superhot, mineral-laden water—
granite juice—migrate upward into fissures in

the surrounding rock and begin to leach
out elements.

Ninety-five times out of a
hundred that surrounding rock
is some ordinary bit of conti-
nent, and nothing terribly
novel happens. *But if by /' f
chance the granite happens /
to hit a zone of mafic rock ;J
incorporated in the conti- )
nental crust, then the ¥#\
chemistry will be com- |\ #
pletely different,” says Cheil- ¥
letz. "It will include iron, w
magnesium, and calcium—

.

and traces of chromium and q =

vanadium." When the felsic-mafic =
mixture finally freezes, the fissure will " L
be filled with biotite, 2 kind of mica—black,

flaky, and useless. But scattered through the mica,
like green snowflakes, may be emeralds.
Most of the world's known Id d from the

...Emeralds

According to Giuliani and Cheilletz, those ingredients
came together on two distinct occasions, 65 million and
38 million years ago. Surges in plate motions—the At-
lantic Ocean was getting wider, pushing South America
against the Pacific and raising the Andes—caused the thick
stack of sediments under the shallow sea to buckle. Large
sloping faults formed several miles down in the sediments,

and hot water was squeezed out of them, escaping
upward along the faults. Rising through lay-
ers of salt, the 570-degree water became
ty comrosive. Conti thro

emerald ingredients. Finally it
N, Ppooled under a layer of espe-
cially impermeable shale un-
til the pressure became great
enough to shatter that layer
explosively.
< Then the hot solution
pjj shot up through empty cracks
) in the rock. As its tempera-
ture and pressure plummeted,
emerald crystals snowed out of
¥ itimmediately. It all happened so
- e fast, says Giuliani, that the emeralds
- = had no time to grow around grains in
P the surrounding shale. They grew uncon-
strained and pure, without the minerals that often cloud
emeralds found in other parts of the world. That is why
were 50 enraptured with the Colombian stones

P
3-billion-year-old ones in South Africa to the 9-million-
year-old ones in Pakistan, were formed by granite intru-

whcnrthey first laid cyes on them in the sixteenth century.
Like other emeralds, those from Colombia contain tiny

Inside each emerald is a small pocket of fluid, called a gatdenf.rln the fluid is a
R crystal of salt. Often that microscopic evidence is the only way to tell a fake

sions. In the 1980s, Cheilletz and his colleague Gaston
Giuliani studied deposits like that in Brazil, Then they
went on to Colombia to have a look at the most renowned
emerald mines—and soon saw that they didn't fit the stan-
dard picture. “In Colombia, geologists had been looking
for granites but not finding them,” Giuliani says. "When
T'arrived, I saw right away that the rocks were not the same.”
Instead of granites intruding from below, in Colombia
there are black shalcs laid down from above—sedimentary
rocks deposited on the floor of a shallow inland sea during
the Cretaceous Period, 100 million years ago. The sea must
have been shallow, because the shales are sandwiched among
layers of salt, which precipitated out of the water at times
when it had all but evaporated. Black shales, besides being
progenitors of oil fields {of which Colombia has a few), also
contain everything that washed off the various rocks that
made up the neighboring land. The Colombian shales con-
tain, in dispersed form, all the ingredients of emeralds.
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pockets of fluid, typically no more than a hundredth of an
inch across—gardens, as they're called in the gem trade, If
you look at one of the Colombian gardens under a micro-
scope, says Giuliani, you will see that it contains a crystal
of salt, ordinary sodium chloride. The crystal is a trapped
fossil of the brine from which the emerald itself crystal-
lized, tens of millions of years ago.

Except for those inclusions, emerald manufacturers to-
day are able to mimic natural processes so well that it can
be difficult for a layman to tell synthetics from the real
thing. Perhaps that’s one reason emeralds don't pack the
same emotive resonance for us that they did for bygone
Indians and kings. We no longer see links to divinity or
immortality in an emerald’s limpid green depths. What
we might imagine swirling around in the stones is his-
tory: the entire history of the planet distilled into a sin-
gle miraculous (scientifically speaking) crystal. That’s res-
onance enough for a rock. (8
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Abstract — Lightning Analysis: creating geo-frameworks
YNAMIC
EASUREMENT

02 March 2017, 6:15, at the Cedar City Recreation Center on the Hill, H. Roice Nelson, Jr., a geophysicist from {Cédar, B.S.

Geophysics 1974 University of Utah, with over 45 years working in oil, gas, & mineral exploration, will speak at The Southern Utah
Rock Club Meeting.

Geophysicists have used passive gravity, magnetic, and seismic measurements to understand the subsurface of the earth for decades.
Dynamic Measurement has expanded these capabilities, developing and patenting ways to data mine electrical information in existing
lightning strike databases in order to map faults, creating geo-frameworks of subsurface geology anyplace onshore and out to at least
100 meter (330 foot) water depths.

This presentation will review Dynamic’s lightning technologies, and show examples from lightning analysis projects in Texas,
Louisiana, Michigan, Arizona, and California. Because Roice and Andrea moved back to Cedar City a couple of years ago, there will
also be a review of plans to use this technology in Southern Utah to map mineral deposits, define aquifers, predict where lightning
strikes could start a forest fire among all of the dead trees on Cedar Mountain, optimize real estate development to avoid
concentrations of lightning strikes, predict areas needing additional cathodic protection along natural gas pipelines, identify areas
where telluric and terralevis (shallow earth) currents are bleeding electricity off of high power transmission lines, and, most
importantly, identify new places to collect unique rocks.
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Southern Utah has some of the best YNAMIC

“rock hounding” available on planet Earth EASUREMENT
Igneous

Quartz Monzonite: Quartz monzonite, a very close relative of, and locally known as “granite”, is a gray, -
“salt and pepper” igneous rock exposed in the lower reaches of Little Cottonwood Canyon. It is _27'270 year old volcanic flows
exposed on the Temple Quarry Nature Trail on the south side of Little Cottonwood Road (SR 209) near | N Santa Clara

the mouth of Little Cottonwood Canyon. The quartz monzonite intruded into the Wasatch Range

In the fall of 2005, we finally found the charcoal we had been Noking for - a short woody branch

b atween 24 4 ﬂd 3 1 m |"i0n }fea s agﬂ {H "TI_'ZE-' ‘l 9 88]_ preserved in loose sand just below the lava flow that appeared ¥ have been burned by the advancing
lava. The lab (Beta Analytic, Inc.) struggled with the sample, probaNy because of the high temperature
to which it had been subjected, but finalljobtained an age of 27,270 + 250 radiocarbon yeardbefore

. present. We feel confident that this age is reliable, but we hope we can someday confirm or refute the

M e.ta m O. rph Ic results by finding another sample and using another dating method.

Is the Santa Clara flow the youngest lava flow in Utah, as some have suggested? No - not even close.
. Though other young flows are poorly dated for similar reasons, we are confident that some flows in
Slate and Quartzite: Slates and quartzites are exposed in lower Big Cottonwood canyon at the the Fillmore-Black Rock Desert area in central Utah, and on the Markagunt Plateau north of Zion

National Park, are much younger. The Ice Springs flow near Fillmore may be less than 1000 years old

geologic road sign “Storm Mountain Quartzites”, about 3 miles from the mouth of the canyon. The (o ovett ucs specii studies 73,

black slates and “rusted”quartzites are part of the Big Cottonwood Formation, and are about 900 & searshgeymap pubuney otesnen ogeforhesanscro b fow) 4

million years old (Hintze, 1988).

Marble: Seven miles from the mouth of the canyon, white marble intruded by dark diorite exposed in a
road cut on the north side of the canyon. The geologic road signs, “Blind Miner”, “Mississippian
Marble”, “Big Cottonwood Mining District”, are in the turnoff area across from the outcrop. The sign
indicates that the marble is a metamorphosed Mississippian-age (360-320 million years) limestone. The
diorite is 72.4 million years old (James, 1979).

Gneiss: A gneiss that may be as much as 3 billion years old is exposed at the north end of the bridge,
where 300 East becomes Skyline Drive in northern Farmington City. The gneiss has dark schistose (lots
of mica) and light gneissose (quartz and feldspars) layers. The gneiss is part of the Farmington Canyon

Complex. Copyright © 2017 Southern Utah Rock Club 58
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There are all types of rock waiting to be found |/ e ASUREMENT

Sedimentary

Limestone, Sandstone, Siltstone, and Shale: A short (just less than one mile) walk on uneven but level
ground that used to be the I-80/Foothill Drive off-ramp leads to an outcrop of limestone, sandstone,
siltstone, and shale on the north side of the mouth of Parleys Canyon. Walking south, the rocks appear
in sequence as gray limestone, orange sandstone, and red siltstone and red shale. The limestone is
part of the Jurassic (208-163 million years) Twin Creek Limestone Formation, the sandstone is the
Jurassic Nugget Sandstone Formation, and the siltstone and shale make up the upper member of the
Triassic (245 - 208 million years) Ankareh Formation.

Conglomerate: A beautiful red conglomerate with clasts up to cobble size crops out near the junction
of the Emigration Canyon road and the road to Pinecrest in Emigration Canyon. The conglomerate is
the Cretaceous (144-66.4 million years) Kelvin Formation.
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