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17	 NCFC Meeting - NCMNS,	11	West	Jones	Street,	Raleigh.	

1:30	pm,	Level	A	conference	room.	Speaker:	Vince	
Schneider,	“Evolution	of	the	Archosauria”.

From Our President
Greetings!	I	hope	this	issue	of	Janus finds everyone having 

a	great	summer	but	also	looking	forward	to	the	upcoming	fall	
fossil-collecting	season.	I	know	I	am.

First	of	all,	the	Aurora	Fossil	Festival	was	a	huge	success;	I	
would like to extend my sincere appreciation to Grace Bonner, 
Curtis	Ormond	Sr.,	Debbie	Williams,	Rich	Olsen,	and	all	others	
for	such	a	successful	event	and	for	allowing	the	North	Carolina	
Fossil Club the opportunity to be a part of their festival.

Needless to say, I would like to thank everyone who displayed, 
helped or just stopped by to say hi at the Aurora Fossil Festival. 
As usual, NCFC had a great variety of superb fossil displays and 
visitors were always welcomed with a smile. As I observed this 
day, I realized that I am involved in a club comprised of a great 
group of friends. I hope you all had as good of time as I did.

On another note, at our May meeting, members had the 
unusual opportunity to meet Dr. Mary Schweitzer. Dr Schweitzer 
presented	to	us	an	informative	talk	on	her	recent	news-breaking	
findings of Dinosaur soft tissue. On behalf of all members 
present, I extend a sincere thank you to Dr. Schweitzer for 
spending some time with us in May. We all appreciated and 
enjoyed your presentation.

In	other	news,	the	NCFC	board	agreed	to	fund	the	transport	
of	a	dinosaur	bone	from	The	American	Museum	of	Natural	
History to the North Carolina Museum of Natural Sciences. 
This	contribution	for	transportation	will	allow	for	the	NCMNS	
staff and students from area colleges the opportunity to prep the 
specimen in the lab. The contribution made by NCFC will not 
only benefit the North Carolina Museum of Natural Sciences and 
area students, it also benefits the American Museum of Natural 
History by allowing for their specimen to be prepped.

In closing, I’d like to remind everyone of the upcoming July 
meeting at the NCMNS, Sunday July 17 level A conference room 
at 1:30 pm. Hope you can join us, till then….Take Care and 
Happy Fossil-Hunting! Cindy Muston

Keith Kepley
(April	6,	1920	-	April	4,	2005)

Keith Kepley, long-time member of the North Carolina Fossil 
Club,	died	April	4,	2005,	following	a	period	of	declining	health.	
He was a quiet, yet enthusiastic, member in the early years of 
the Club and went on many of our sponsored trips up until the 
mid-1990’s. During his collecting years he found many important 
fossils. His keen eyesight was also very evident when we would 
look	for	arrowheads;	he	had	a	large	collection	of	artifacts	which	
he	found	on	his	farm	and	other	sites	in	Orange	and	Chatham	
Counties. He is survived by his wife Christine, his brother John, 
daughters	Linda	and	Meg,	and	two	grandchildren.	His	gentle	
ways and smiling face underneath his usual pith helmet	will	be	
strongly missed by all who knew him.. Trish Kohler



My Favorite Fossil
At Cindy’s suggestion (which I heartily endorse) I want to 

encourage you to share “My Favorite Fossil (and Why)” with 
other	NCFC	members.	It	need	not	be	an	extensive	thesis;	just	a	
few sentences will suffice. Identify one of your favorites and tell 
us why you especially like it. Include a photograph, if possible. 
I’ll give an example below to suggest my thoughts on this. You 
can mail it to me (I’ll return any pictures you send) at 1225 
Lorimer Road, Raleigh, NC  27606. If you prefer, you could 
email it to me (attach any picture files): chandler@math.ncsu.edu

My Favorite Fossil (and Why)
I met John Timmerman at the Castle Hayne Quarry shortly 

after	I	became	the	editor	for	Janus.	There	was	an	immediate	
resonance between us and we quickly became good friends 
and “collecting buddies”. We started talking about that quarry 
we could see from I 40 which the Club didn’t visit. Eventually 
John decided we should try it so in February, 1992 he and I and 
Pete Paris collected Rocky Point for the first time. The quarry 
manager, Jodi Wood, practically welcomed us with open arms 
and	gave	us	the	run	of	the	place.	He	told	us	that	he	saw	about	6	
collectors a year! It was an absolutely unforgettable day.

For a couple of years prior I had ached to find a Carcharocles 
auriculatus tooth: no luck at Castle Hayne, no luck at the old 
New Bern quarry, no luck at Belgrade, no luck at Harleyville, 
no	luck	at	Jamestown.	In	all	those	quarries	there	was	at	least	
the possibility that an auriculatus	tooth	could	be	found.	And	
auriculatus teeth were found, but never by me L.

Then came that magical day at Rocky Point. John, Pete, and I 
quickly went our separate ways. After all, we had the huge place 
to ourselves and there was no point in getting in each others’ way. 
In the early afternoon coming down beside one of the large spoil 
ridges I spotted it. It was sitting on a little pedestal of dirt saying, 
“Pick	me	up,	please.	Pick me up!”	When	we	all	got	back	together	
I	discovered	that	all	three	of	us	had	found	auriculatus	teeth	that	
day. Since then I have found many auriculatus	teeth,	including	
several much better specimens. That one is still my all-time 
favorite	fossil.	 Richard Chandler

Rick and Tim Bennett

Jodi	McDaniel

Vince	Schneider

John Timmerman and Daniel Beane

Aurora Fossil Festival: May 28, 2005



Tall	Tales	from	the	Trails,	No.	8

Oligocene-Miocene	Plant	Fossils	and	
Uranium	Minerals,	Anderson	Strip	Mine,	

Yavapai County, Arizona
James R. Bain, Bahama, NC

Summary:	An	inactive	uranium	strip	mine	in	Oligocene-Miocene	
lake sediments, with plates of silicified palm wood (Palmoxylon),	
the stems and rhizomes of horsetails (Equisetites),	and	the	
possibility of significant vertebrate fossils.

Difficulty:	 Five on a scale of five. With 
access	roads	in	their	present	state,	reaching	and	escaping	from	
this	remote	desert	site	is	challenging.	Terrain	is	rough,	and	the	
vegetation is Lower Sonoran Desert. You should plan well before 
attempting	this	trip.

Geology:	Lacustrine	(lake)	sediments	of	the	Arikareean	(late	
Oligocene)	to	perhaps	the	(?)	mid-Miocene.	These	lake	sediments	
have variously been called the Chapin Wash Formation (Lasky 
and	Webber	1949,	Otton	et al. 1990) and, less formally, the 
“Anderson	Mine	Formation”	(Rubin	1998).	Look	for	bedded	
sandstones,	siltsones,	mudstones,	and	limestones,	with	alluvial-
fan	cobbles,	pebbles,	and	conglomerates	interrupting	the	lake	
sediments	in	places.

Two	of	the	West’s	vast	geologic	provinces	meet	near	here:	the	
Colorado Plateau and the Basin and Range Province. Geology 
is locally quite complex, with outcrops ranging in age from 
Precambrian	to	Pleistocene.	For	further	information	on	surface	
geology and stratigraphy of the mine, the Date Creek Basin, the 
Artillery Mountains, and vicinity, see Lasky and Webber (1949), 
Arizona Bureau of Mines (1958), Otton et al. (1990), Bryant 
et al. (1992), Yarnold and McDaniel (1992), and Kamilli and 
Richard	(1998).

We have previously discussed the co-occurrence of uranium 
with fossils in the West, and the need to exercise certain safety 
precautions	(Janus	2003,	No.	1).	Take	along	a	Geiger-Mueller	
counter, though you will not need it to spot one uranium mineral, 
the canary-yellow carnotite. You will probably think it is 
fluorescent yellow spray paint the first time you see it. 

Uranium	minerals	reported	from	the	surface	and	from	drill	
holes here also include tyuyamunite, weeksite, coffinitie, 
uraninite, and an amorphous uranium silicate (Hammons 1977: 
72, Otton et al., 1990, Rubin 1998, Hobday and Galloway 
1999).	“At	the	Anderson	Mine,	about	50,000	tons	of	U3O8	occurs	
in	lacustrine	carbonaceous	siltstones	and	mudstones	(using	a	
cutoff	grade	of	0.01	%)”	(Otton	et al.	1990:	541).	Note	the	great	
many active mining claims scattered across this, your public 
land. Though US coal-mining laws were reformed in 1977 
with	passage	of	the	Federal	Surface	Coal	Mining	Control	and	
Reclamation	Act,	mining	of	other	hard-rock	materials	is	still	more	
or less regulated by the General Mining Law of 1872, signed by 
President Ulysses S. Grant. This document, a legal remnant of the 
Old West, is highly controversial today. Most agree that the law 
is in bad need of reform. Within limitations set by contemporary 
agencies, such as the Bureau of Land Management, this 19th-
Century law still allows people to lay claim to minerals on federal 
lands and extract them, while paying minute fees to the Treasury. 
French,	German,	and	other	international	companies	own	uranium	
claims on public lands in Arizona. To keep their claims active, 

stakeholders	must	document	a	minimal	annual	work	on	the	site	
and	keep	their	claim	stakes	in	order.	Open	the	canisters	on	the	
stakes	to	examine	the	public,	legal	documents	within.

“Early mining in the 1950’s at the Anderson Mine produced a 
total	of	33,230	pounds	of	uranium	at	an	average	grade	of	0.15%	
U3O8”	(Rubin	1998).	At	this	and	at	other	inactive	uranium	mines	
in	the	Southwest,	we	have	found	soda	pop	bottles	from	the	
1950’s. The Anderson Mine and other deposits in this vicinity 
comprise	one	of	America’s	largest	uranium	reserves.	As	human	
consumption of energy grows and grows, uranium prices will 
rise, and this mine will undoubtedly become active again 
someday.

Sediments at the Anderson Mine are also mineralized with 
iron, sulfur, lithium, vanadium, molybdenum, and manganese 
(Otton	et al.	1990).	Lake	deposits,	unconsolidated	alluvium,	
and hard bedrock have been widely mined for manganese in 
this region (Lasky and Webber 1949). Look for strange silicified 
rocks, including chalcedony nodules, geodes, banded agates, 
dendritic	agate,	and	beds	with	three-dimensional	box-works	
of different colors (septarians). Many people enjoy and collect 
manganese-oxide	dendrites	with	plant-like	branching	patterns	
(“pseudofossils”). You will find many in the strip mine, in brown, 
black, and red, on limey shales. Collectors also report common 
opal, gypsum, and celestine (a strontium sulfate) from this mine 
(Simpson 1970: 12, Hammons 1977: 72). While walking at night 
with an ultraviolet light, we saw a numerous fluorescent calcites 
of	orange	and	green.

Fossicking for fossils: This mine is on land administered by the 
Bureau of Land Management. Recall that the BLM presently 

allows limited collection of petrified wood, other common plant 
fossils,	such	as	leaf	impressions,	and	invertebrate	fossils	(Janus	
2003,	No.	1).	In	the	past,	the	mine	was	off-limits	to	collecting	
during	active	drilling	or	mining.	Stakeholders	do	have	the	right	to	
exclude you from their claims on public lands, at their discretion.

Plate	of	raw	Palmoxylon fiber as it appears in the field. In this 
longitudinal view of the fiber mulch, note that fibers stray 
in many directions. In the mine’s desert soils, an off-white 
calcareous	crust	is	the	norm,	but	“skins”	of	pink,	red,	black,	
brown, or even radioactive yellow carnotite can hide the 
“semiprecious,” silicified palm fiber within. The letter “B” is a 
marking	from	when	we	used	this	specimen	in	the	practical	exam	
for North Carolina’s Science Olympiad, 2005.



With its unique patterns of macroscopic fibers, petrified palm 
wood	(Palmoxylon) can be strikingly beautiful. This is my 
personal favorite among the petrified woods. Those coarse fibers 
are sclerenchyma, the tough structural members of the trunk and 
leaves.	Transverse	cuts	show	dots,	and	longitudinal	cuts	show	
lines. You have probably seen mats, whisk brooms, or baskets 
made of modern palm fibers. 

Unlike	other	familiar	trees,	palms	are	monocots,	and	have	
no true secondary growth, and thus no true “wood.” In an 

undergraduate botany class, the professor passed around a wedge 
cut	from	a	big	palm	when	it	was	felled	with	a	chainsaw.	We	
students were amazed at how light it was, even though it was 
obviously strong.

Sometimes teardrop-shaped masses of petrified palm fiber are 
found that weigh many hundreds of pounds. These palm boles 
represent the stump-like bases of trunks. Boles have been taken 
from	the	Anderson	Mine	(Koning	1980:	61).	One	can	be	studied	
up close in the lobby of the Diamond Pacific Tool Corporation, 
a nice rock shop and manufacturer of lapidary equipment in 
Barstow, California, a short distance from the terminus of 
Interstate	40.

Impressions	of	palm	fronds	are	also	known	from	Anderson	
Mine	(Otton	et al.	1990).

Palmoxylon,	the	state	fossils	of	both	Texas	and	Louisiana,	is	
coveted by many fossil collectors and lapidaries. One famous 

palm site on the Texas-Louisiana border, the Toledo Bend 
Reservoir	on	the	Sabine	River,	became	the	resting	place	of	much	
debris	from	the	tragic	crash	of	the	space	shuttle	Columbia	on	
February 1st, 2003. Friends in Texas tell me that they will stay 
away from that site for several years, to avoid the appearance 
of	hunting	for	relics	of	the	spacecraft.	Western	deserts	and	
mountains also yield Palmoxylon.	There	is	even	a	specimen	from	
the Tarheel State on display at the North Carolina Museum of 
Natural Sciences in Raleigh. I try to minimize the tonnage of 
rocks	and	fossils	I	keep	around	the	house,	but	I	would	be	grateful	
for any little splinters of Carolina fossil palm you could spare 
(hint,	hint).

In the Anderson Strip Mine, look for plates of petrified, 
macerated palm fibers, typically a half inch to several inches 
thick. The outer surface is often obscured and chalky with 
calcium-carbonate	caliche,	so	be	sure	to	examine	the	broken	
ends	of	the	plates	with	care	to	select	specimens	that	are	
permineralized. At the microscopic level, anatomic detail is 
excellent, with many vascular structures filled with common 
opal	(Otton	et al.	1990).	The	mine	is	large,	and	occurrences	of	
palm fiber are patchy. For starters, look among the spoil piles 
and	cleaned	bedrock,	walking	a	transit	from	GPS	locations	
3798583N, zone 12, 290552E, to 3798477 N, zone 12, 290580E, 
concentrating on shows of pink rock. My friends and I prefer to 
hunt in the desert just east of the mine, on a steep slope cut by 
several exploratory trenches in the 1950s, in the general vicinity 
of locations 3798569N, zone 12, 291079E and 3798735N, zone 
12, 291007E.

Otton	et al. (1990) reviewed the ancient flora and fauna they 
observed, along with data from previous reports. They spoke of 
algae	(including	diatoms),	leaf	fossils,	conifer	wood,	gastropods,	
bivalves, ostracods, small fish, camel (Oxydactylus),	and	rhino	
(Diceratherium). “The pollen suggests that the valley floor was 
semiarid and subtropical, whereas nearby mountains supported 
temperate	deciduous	forests”	(ibidem, p. 541). “Presumably 
palm trees, ferns, bulrushes or marsh grass, and possibly bald 
cypress grew near the lakeshore; grasses, sagebrush, conifers, 
and perhaps junipers probably grew on the alluvial plain and 
fanslopes. Hickory, oak, beech, linden, and possibly spruce or fir 
probably grew in adjacent mountains…” (ibidem,	p.	550).

Navigation:	Most	major	dirt	roads	in	this	region	are	named,	and	
some are actually County roads, but none was marked in April 
2004,	and	maintenance	is	poor	to	nonexistent.	As	usual,	I	will	
nag about wilderness hazards. Carry plenty of water and food, 
tell someone where you are going, and do not travel alone. Be 
alert	for	cattle,	rocks,	and	sand	traps.	Do	not	attempt	to	cross	
washes when flooded. Stay oriented, and keep your maps and 
compass at hand. Cell phone coverage is minimal, and usually 
nil. Take along at least these two maps: USGS (1967) and USGS 
(1979). A global positioning system (GPS) and the ability to use 
it are strongly recommended. Between Wikieup and Wickenburg, 
stop on the west side of US Highway 93 at mile post 178.7 at 
GPS 3781838N, zone 12, 314963E. Among the tangle of small 
dirt roads here, note the major road heading west toward Black 
Mountain	(see	map).	This	road,	which	has	a	stop	sign	where	it	
meets	US	93,	is	Tres	Alamos	(“three	cottonwoods”)	Road.	Take	
it west to Black Mountain. Just south of this little mountain, take 
the	right	fork	onto	Pipeline	Ranch	Road.	Drive	west	and	north	on	
this	road,	past	the	headquarters	of	Pipeline	Ranch.	(If	the	roads	

A	small	chip	of	polished	Palmoxylon fiber from Anderson Mine. 
Much of the palm material here is dark like this, but beige, gray, 
carnotite-yellow, and even red palm “wood” can be found. Scale 

in	mm.

An	assortment	of	commercial	specimens	of	Palmoxylon	from	the	
Oligocene	Catahoula	Formation,	Texas-Louisiana	border.



are ever signed again, be aware that at some undefined point 
west	of	the	Pipeline	Ranch	headquarters	in	the	desert,	this	road	
changes	its	name	to	Palmerita	Ranch	Road.)	

Now the real fun begins. At GPS 3790853N, zone 12, 
289490E, leave Pipeline Ranch Road and make your way north 
to the mine (see map). You will cross through two gates. Please 
leave the gates as you found them (open or closed), so that cattle 
can make their way to water and graze where the ranchers want 
them to graze. If you have made it this far in a low-clearance 
rental car, you might wish to park it after the second gate and 
hike to the mine. The last little drive down into the mine is badly 
eroded and truly Hellish. We got my Subaru Forester into the 
mine last year, but that was with someone walking alongside, 
coaching	the	driver	around	rocks	and	washouts,	and	doing	minor	
road construction where needed. Clay would make the final 
approach	to	the	mine	impassable	in	wet	weather.	Sharp,	broken	
chalcedony in parts of this strip mine will shred your tires. [Ask 
me about the time I lacerated three tires while carrying only one 
spare	during	a	weekend	spent	driving	on	broken	chert,	looking	
for Permian brachiopods on Arizona’s Kaibab Plateau.] During 
both of my visits to Anderson Mine, we camped by the concrete 
slab at 3789175N, zone 12, 290942E. 

Camping, hiking, and fishing: If you prefer to camp in a 
developed site, try Alamo Lake State Park, some 20 miles west-
southwest	of	the	mine.	Alamo	Lake	is	known	for	bass.

Anderson Mine is in the narrow zone of overlap or ecotone 
between	the	Mohave	and	Lower	Sonoran	Deserts.	The	Joshua	
“Tree”	(a	Yucca) is the key marker of the Mohave, while the 
Giant	Saguaro	Cactus	marks	the	Sonoran.	Often,	the	two	deserts	
butt up against one another, but do not mix. But here and 
elsewhere in the Alamo Lake region, one can find spots where the 
two	species	grow	together.

The usual cautions regarding creepy crawlers apply (Janus	

2003,	No.	3).	In	April	2004,	I	was	impressed	at	the	number	
of bark scorpions my brother George found in the immediate 
vicinity of our camp kitchen in just one night, including one that 
was in his bedding. While descending a steep bulldozer cut to 
a collecting site east of the mine, we found a buzzy rattlesnake 
(Crotalus)	under	a	rock	ledge.	The	animal	must	not	have	been	too	
disturbed by our gang carrying load after load of rock up that cut, 
because the snake stayed there over the course of several days.

Unnamed side canyons to the east and west of the mine 
provide pleasant day hikes down to the often-dry Santa Maria 
River to the north. Common wildlife include the “horny-
toad” lizard (Phrynosoma),	the	Antelope	Ground	Squirrel	
(Ammospermophilus),	quail,	hares	(the	“jackrabbit,”	Lepus 
californicus), and the crazy, laughing Canyon Wren.

Wild	burros	(Equus asinus)	were	introduced	from	the	Old	

World and are now locally abundant in the Southwest. They can 
do	substantial	damage	to	native	vegetation.	In	December	2000,	
A.B. Berman and I did not observe donkey sign at Anderson 
Mine, but when we returned in April 2004 with my brothers 
Ed and George, my son Edward, and B. Kram, the mine was 
decorated with plenty of burro poop. Male asses are territorial 
during	the	mating	season,	and	mark	their	boundaries	with	fecal	
piles. This explains the piles of small, dry “horse” droppings you 
will	see	near	camp.	While	descending	the	drainage	to	the	west	of	
the	mine,	hiking	to	the	Santa	Maria	River,	I	found	several	places	
where the industrious donkeys had dug V-shaped wells into the 
streambed	gravel,	uncovering	seeping	water,	to	the	delight	of	
doves and quail and other thirsty beasts. Further down that side-
drainage, the canyon becomes narrow and deep and cool, with 
striped,	hard,	red	metamorphic	rock,	and	owl	roosts.	I	can	see	
why the donkeys like this particular drainage.

We did not see any burros in April 2004, but we heard them 
braying one morning. I pride myself at being able to call wild 
burros. But our friend Judy Stiles, who raises miniature donkeys, 
is a true master at “donkey-speak.” Ask her to demonstrate.

Look	for	seeps	and	travertine	deposits	in	the	drainages	to	
the	east	of	the	mine.	On	April	16th,	while	I	was	out	in	the	strip	
mine,	locating	fossil	exposures	for	this	article,	the	rest	of	the	
guys were down that eastern side canyon, where they found (and 

I	have	been	telling	people	that	these	are	above-ground	stems	
and rhizomes (underground parts) of an extinct Scouring Rush, 

Equisetites. But authorities speak of finding palm rootlets, 
reeds,	and	miscellaneous	other	aquatic	plants	in	the	area.	What	
ARE these? These plant fossils are locally super-abundant in 

the Anderson Strip Mine. In North Carolina, I have given many 
away at fossil-club meetings and town fairs. Many appear to be 
silicified with common opal. All chime when struck together. 

Specimens	shown	here	have	been	tumbled	to	remove	their	
calcareous	crust.

Gila	Monster	found	in	the	drainage	east	of	Anderson	Mine.	Photo	
by A.B. Berman.



briefly detained) a Gila Monster, Heloderma suspectum,	a	large,	
colorful, venomous lizard (Janus	2003,	No.	3).	I	am	jealous	of	
this because I have still never seen one up close in the wild. They 
must	have	gotten	a	look	at	its	teeth,	since	that	autumn,	while	we	
were	viewing	the	Gila	Monster	exhibit	at	the	Woodland	Park	
Zoo in Seattle, my son Edward turned to me and said “Dad, have 
you ever seen the inside of a Gila Monster’s mouth? It looks like 
black	velvet!”
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West of the mine near Alamo Lake, the author and A.B. Berman 
found	this	limestone	plate	with	trace	fossils	of	(?)	ostracod	
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Map to the Anderson Mine, based on USGS (1979).



Potassium–Argon Dating
Richard Chandler

Radioisotope dating techniques were first developed in the
mid Twentieth Century. The basic idea is one of those con-
cepts which seem childishly simple, after the fact. Matter is
made up of atoms, each consisting of a nucleus (made up of
protons and neutrons) with a number of electrons orbiting
about. The number of protons in the nucleus (the so-called
atomic number) determines what the atom is. For example,
if there are 6 protons in the nucleus, the atom is carbon; 7
protons and it is nitrogen. The sum of the number of protons
and the number of neutrons is called the atomic mass. Some
atoms are unstable; that is, they emit one or more of three
kinds of radiation, α, β, or γ, and when an atom receives or
emits radiation it changes. For example, by emitting a β par-
ticle, an atom of radioactive carbon becomes a stable atom of
nitrogen.
There is a simple notation we will use in this discussion.

mXn will denote the element X having atomic numberm (the
number of protons) and atomic mass n (the number of pro-
tons plus the number of neutrons). Thus, radioactive carbon
(aka carbon-14) is denoted 6C14. Elements exist in different
forms, depending on the number of neutrons in the nucleus.
For example, carbon exists in at least three different forms:
6C12 and 6C13, which are stable, and 6C14, which is unstable.
The different forms of an element are known as its isotopes.
Since for individual unstable atoms the emission of radia-

tion is a probabilistic event you can’t know when the event
will occur. However, for a large mass of similar atoms it is
completely predictable. For example, a one gram mass of
6C14 will, in 5730 years, become a half-gram mass of 6C14,
the other half-gram will have changed to 7N14 , a stable iso-
tope of nitrogen, through β-particle emission. The time, 5730
years, is termed the half-life of 6C14 because it is the length
of time required for half the original number of atoms to be
changed. There is a “simple” mathematical model governing
the change in mass of a quantity of unstable atoms: the rate
of change is proportional to the amount present at any given
time. We will discuss this in more detail a little later.

6C14 was discovered in 1940 by Martin Kamen. It is natu-
rally produced by the bombardment of atmospheric nitrogen
by cosmic radiation. About 1947 the chemist William Libby
had the brilliant idea of using the mathematical model de-
scribed above to determine the date when a living organism
of the past had died. Carbon atoms in the atmosphere com-
bine with oxygen to form carbon dioxide which is absorbed
by most living plants. These are eaten by animals, which are
eaten by animals, etc., so that all living matter contains trace
amounts of 6C14. In all living organisms the ratio of 6C14 to
stable carbon is essentially constant but when a plant or ani-
mal dies, the 6C14 is not replenished and slowly starts to be
lost through radioactive decay. Libby used the mathemati-
cal model (details below) to obtain an equation linking the
ratio (of 6C14 to stable carbon present in the remains of an
organism) to the amount of time which had transpired since
the death of the organism. This has become an indispens-
able tool for those interested in the past. Libby received the
1950 Nobel Prize in Chemistry for this work; since there is
no formal Nobel Prize in mathematics, mathematicians claim

this was the Nobel Prize in Mathematics. Curiously, Libby
originally had determined the half-life of 6C14 to be 5568 ±
30 years. It was not until 1962 that the currently accepted
time of 5730 ± 40 years was established. Because so much
dating had been done using Libby’s figure, it is still used to-
day so that current dating will be consistent with that done
previously.
Carbon-14 dating is not useable for remains of organisms

much older than 50,000 years because accurate measurement
of the tiny amount of remaining 6C14 is impossible. Thus
this dating technique’s usefulness in paleontology is limited.
Fortunately, there are similar methods which are useful.
Potassium is an major component of igneous rocks and

approximately 1 in every 10,000 atoms of potassium is ra-
dioactive, its nucleus being comprised of 19 protons and 21
neutrons: 19K40 for short. (Potassium was originally called
kalium in Alchemy, kal being the Greek word for “beautiful”,
hence the symbol K.) The half-life of 19K40 is approximately
1.26 × 109 years, that is, 1.26 billion years. About 11.2% of
19K40 atoms decay to Argon-40 (18Ar40) and 88.8% decay to
Calcium-40 (20Ca40), both stable isotopes.
The Potassium–Argon dating method is based on the idea

that molten rock will not contain argon (since it is gaseous)
and thus igneous rocks at the time of their formation contain
no argon and much potassium. After the rock solidifies the
19K40 atoms began to decay to 18Ar40 which is trapped in
the (now non-molten) rock. The 20Ca40 byproduct is useless
for dating purposes because only part of the calcium in an
igneous rock is a decay product of 19K40. By examining the
ratio of 18Ar40 to 19K40 in the rock today we should be able
to estimate the time which has elapsed since it was molten.
Those of you who have not studied calculus should probably

skip the next couple of paragraphs, to Equation (1) just above
the graph.
The mathematical model which describes radioactive de-

cay states that the rate of change (decay) at any point of
time is proportional to the amount of the isotope present at
that time. The rate of change of a variable is expressed as
its derivative with respect to time. Thus, the mathematical
equation representing this model (applied to 19K40) is given
by dK

dt = pK, where t is time, K = K(t) is the amount of
potassium as a function of time (where t = 0 is the time the
rock formed) and p is a proportionality constant whose value
is determined by the material’s half-life. Solving this gives the
equation K = K0e

− ln2
h t, where K0 is the amount of potas-

sium to begin with and h is the half-life of 19K40 = 1.26×109
years. This is the essentially same model Libby used, the only
difference being the value for the half-life of 6C14.
As noted above, as 19K40 decays, 11.2% of the product

is the stable isotope 18Ar40. If we let A = A(t) represent
the amount of 18Ar40 present as a function of time, then we
have dAdt = −0.112 dKdt = −0.112K0

−ln2
h e−

ln2
h t. Solving this

equation gives A = −0.112 K0e
− ln2

h t + C, where C is the
constant of integration. Since A(0) = 0, C = 0.112K0. Thus

A(t) = 0.112K0(1− e−
ln2
h t)

K(t) = K0e
− ln2

h t

We can eliminate K0 (since that is unknown) by looking at



the ratio

A(t)
K(t)

= 0.112 (e
ln2
h t − 1),

and solve this for t to get

t =
h

ln2
ln(1 +

A

0.112K
).

If we let r = A
K , this simplifies to

t = 1817795752.0 ln(1 + 8.928571429 r). (1)

Note: ln(...) above refers to the natural logarithm function.
Here is the graph of this relationship,

Ratio r (= A
K ) versus Age (billions of years):
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So how is all this theory used to date fossils? The best
types of minerals for Potassium–Argon dating include biotite,
muscovite, plutonic/high grade metamorphic hornblende, and
volcanic feldspar; whole rock samples from volcanic flows and
shallow intrusions can also be used if they are unaltered. You
try to find a fossil sandwiched between samples of the above
minerals. A good example would be the remains an ani-
mal killed by a extensive ash fall from a volcanic eruption.
Potassium–Argon dating could then provide an age for the
ash. Appropriate minerals would be selected from the ash,
heated to drive off the 18Ar40, which is carefully captured
and protected from contamination with atmospheric argon.
The amounts of 19K40 and 18Ar40 would then be measured
by a device like a mass spectrometer, substituted into Equa-
tion (1) above, and the age calculated.
The many difficulties associated with Potassium–Argon

dating are beyond the scope of this article. The WWW con-
tains an overwhelming amount of information on the topic.
One cautionary word: a favorite activity of Creationists is
the “debunking” of ideas which refute their “young Earth”
theories; and Potassium–Argon dating certainly does that.

Pungo River Formation Ages

While we are on the subject of paleontological dating, I
recently came across the publication, “Chronostratigraphy of
Upper Cenozoic Phosphorites on the North Carolina conti-
nental margin...” (2000), S. Riggs, S. Snyder, D. Ames, and
P. Stille, in Marine Authigenesis: From Global to Microbial,
Society for Sedimentary Geology Special Publication # 66,
pp. 369-385, which has information on the Pungo River For-
mation as exposed in the Lee Creek Mine (which they divided
into Units A, B, C, and D). From that I have synthesized an
age diagram for the Pungo River sediments we collect. The
ages (Ma = millions of years ago) are somewhat older than I
originally expected, with the bottom of the ore body approx-
imating the Early Miocene. There are time discontinuities
(uncomformities) between the top of the Pungo River sedi-
ments and the overlying Yorktown Formation (YF) deposits
and between the bottom of the Pungo River sediments and
the underlying Castle Hayne Limestone (CHL).
Certain species like Isurus retroflexus and Carcharoides cat-

ticus, which are exceedingly rare in the Pungo River overbur-
den in the mine, are found with much greater regularity in the
reject material. Could the three or so million year differential
be the cause?
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North	Carolina	Fossil	Club
P.O. Box 13075
Research Triangle Park, NC  27709

A small sample of the items for auction at the Aurora Fossil Festival, May 28, 2005.
The auction earned more than $22,750 to benefit the Aurora Fossil Museum.


