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Abstract 

Although dendrochronology – tree-ring analysis – has not been used much in archaeological 
studies in North Dakota, a number of studies have taken place in the state and the region, often 
focused on environmental or ecological questions. This paper provides an exhaustive overview 
of the dendrochronology studies, surveys and reports that have taken place in North Dakota, 
along with a brief discussion of how those studies can apply to archaeology, anthropology and 
history. One section is focused on the work of George F. Will, who made the first attempts at 
dendrochronology studies in the state; the remaining sections are focused on the various 
applications of tree-ring analysis such as ecology and natural history, disturbance ecology, 
dendrogeomorphology, dendroclimatology, dendrohydrology, and dendroarchaeology. 
Suggestions for future research directions are given. 

Dendrochronology is the analysis of tree rings for the 

purposes of dating events or archaeological artifacts.  

Many species of trees produce one tree ring each 

year. Therefore, a count of tree rings formed in the 

trunk of a tree can provide a date, in many cases to 

the exact year and sometimes to the exact season, for 

the occurrence of various phenomena, such as the 

date of tree harvest, tree establishment, ecological 

disturbances or other events.  

Dendrochronology also includes detailed analy-

sis of the width, anatomical features, and growth pat-

terns within and among tree rings to reconstruct past 

climatic conditions and environmental events, includ-

ing drought, seasonal or annual precipitation, flood-

ing, seasonal or annual stream discharge, lake level, 

fire occurrence, insect outbreaks, pesticide applica-

tion and other events. Anthropologists commonly use 

environmental information to provide context for un-

derstanding or inferring cultural behavior or response 

to natural phenomena. Few archaeological or anthro-

pological dating methods (e.g. radiocarbon dating, 

pottery and textile analysis, architectural styles, etc.) 

provide annual, and even sub-annual, dating preci-

sion. Dendrochronology is a tool that can provide 

both high-resolution dating and a high-resolution re-

construction of historical and prehistoric climatic 

conditions and environmental events. 

With modern analytical statistical methods, the 

tree-ring record can be extended from living trees to 

long dead trees through a process known as cross-

dating in which overlapping years of young trees and 

those of older trees are recognized from a variety of 

tree-ring characteristics (Figure 1).  Cross-dating 

makes possible a high-resolution dating tool for 

events within the past few hundred to a thousand 

years or more in some cases (Stambaugh and Guyette 

2009).    

Most scientists do not think of dendrochronology 

as a viable tool in the sparsely treed state of North 

Dakota. The native ecosystems of the Great Plains 

are predominantly prairie whereas forests are often 

confined to a few isolated stands, some woody draws, 

and riparian areas along rivers and streams (cf. Sev-

erson and Sieg 2006). Additionally, when European 

traders and settlers came into the region in the 1800s, 

many trees were harvested for fuel or timber (Fenn 
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Figure 1.  Example of crossdating using the Powell oak – POW01A, a standing tree harvested in 2006 (see 
Figure 2) – and two logs (BTN01A and BTN02A) from the Brunton cabin in Lisbon, North Dakota. Trees used 
in the Brunton cabin were harvested in 1878. Note the marker years (*) that show consistently narrow rings 
(1836, 1839 and 1842) or a large ring (1856). The Powell oak and the Brunton cabin trees grew approximate-
ly 25 miles away from each other. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  A portion of the Powell oak, cut down in 2006 on the bank of the Sheyenne River, south Leonard, 
North Dakota. The T-square in the photo is three feet long; the green markers in the upper left portion of the 
sample denote 50-year increments, beginning in the year 2000. The innermost ring, from 1556, pre-dates the 
oldest rings found in numerous log buildings constructed in the 1870s in North Dakota. 
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2014), which resulted in a great loss in potential study 

materials. Nevertheless, a few researchers have iden-

tified old buildings and have found long-lived stands 

of trees that are well suited to dendrochronological 

research in North Dakota. Some individual trees pro-

vide samples that extend to the 1600s and even 

1500s. Many nineteenth-century log buildings contain 

wood that grew in the 1600s, and a few contain wood 

from the 1500s. With persistence and some targeted 

sleuthing, we hope that future excavations of subfos-

sil logs will extend the chronologies back even fur-

ther.   

Dendrochronology is a tool that can greatly aug-

ment archeological and anthropological studies. We 

provide a review of the existing dendrochronological 

studies in North Dakota so that they may be better 

used by the archaeological community. The applica-

tions of these studies are numerous, and we have or-

ganized them into broad categories such as ecology 

and natural history, disturbance ecology, dendrogeo-

morphology, dendroclimatology, dendrohydrology, 

and dendroarchaeology. We include one section de-

voted exclusively to George F. Will, who completed 

the first dendrochronology studies in North Dakota. 

Many of the documents cited here could be included 

in more than one category. Some of the documents 

are highly detailed scientific studies while others 

simply provide an estimate of tree age, presumably 

based on ring count. Table 1 summarizes the various 

chronologies and studies referenced herein. Readers 

who would like to learn more about the basics of den-

drochronology techniques are referred to Stokes and 

Smiley (1968); for more specific information and ex-

amples about the application of dendrochronology to 

archaeology, refer to Kuniholm (2001).   

 

George F. Will 

The history of dendrochronology in North Dakota 

begins with George F. Will and his seminal publica-

tion “Tree ring studies in North Dakota” (1946a). 

This was a broad ranging document that attempted to 

bring together various applications of dendrochronol-

ogy including archaeology, climatology and disturb-

ance ecology. Parts of this work were re-published in 

other venues (Will 1946b; see also Dietrich 1965) and 

additional data from South Dakota were combined 

with the original study and published elsewhere (Will 

1948, 1949). 

At the time of his study, Will was President of 

the State Historical Society of North Dakota 

(SHSND), which gave him access to many archaeo-

logical sites and artifacts. He collected more than 50 

samples from at least 14 sites throughout the state. 

Bur oak (Quercus macrocarpa) and “cedar” (likely 

Rocky Mountain juniper, Juniperus scopulorum) 

comprised the bulk of his samples, though he also 

mentioned both cottonwood1 and hackberry (Celtis 

occidentalis) in the document.   

A thorough reading of Will’s publications leaves 

us with a number of questions, mostly involving 

methodology and statistical reliability of his results. 

Unfortunately, Will was rather vague when discuss-

ing his techniques and conclusions. Although most of 

the modern measurement and statistical techniques 

were not available in Will’s day, skeleton plotting 

was well-established, and it is unclear whether or not 

Will used this technique correctly. Skeleton plotting 

involves assessing, by eye, the relative width of each 

ring and plotting those relative widths over time 

(years). This technique is applied to each sample in a 

given area, and then those individual plots are com-

bined into a Master Plot. A review of Will’s files and 

documents in the North Dakota State Archives sug-

gests that he was unaware of how to skeleton plot 

correctly. Additionally, one of Will’s documents lists 

a cutting date of one sample as “very probably 1720,” 

wording which does not engender much confidence in 

those results. A regional-level comparison of dendro-

chronological dates with radiocarbon dates and ce-

ramic ordinations can be found in Johnson (2007).   

Will’s methods and interpretations were criti-

cized by at least one of his contemporaries (Bell 

1948) and more recent scholars have echoed similar 

concerns (Caldwell and Snyder 1983). Weakly’s 

(1971) results from archaeological sites in South Da-

kota were similarly called into question (Johnson 

2007). Nevertheless, Will’s main accomplishment is 

the collection of many samples from throughout 

North Dakota, and most of these samples are still held 

in storage at the SHSND.  Two of Will’s most well-

known samples include: 

1 Note that different authors have used different common and scientific names to refer to cottonwood or Plains cottonwood 

(Populus deltoides) while others refer to Plains cottonwood (P. sargentii or P. deltoides ssp. monilifera).  We believe that all names 

are referring to the same species.  Therefore, the names are used interchangeably herein to be consistent with their reference in the 

source materials.  
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 Will’s “Master Oak” – A 373-year-old bur 

oak that was cut down in 1940 from a coulee 

located approximately six miles northwest of 

Bismarck. Will did not list the exact date the 

tree was cut, and it is not clear if the last year 

of growth is 1940 or 1939. An attempt to 

crossdate this sample with a bur oak chronolo-

gy for the Cross Ranch-Sanger area (30 miles 

away) was unsuccessful. Additionally, both 

authors have independently studied this sam-

ple and the growth of this tree was somewhat 

complacent. That is, there is not much year-to-

year variability in the ring widths. The quanti-

tative measure of this is called sensitivity. The 

Master Oak has a sensitivity of <0.18 (data 

not shown), limiting its usefulness in climate 

reconstruction studies. However, the sample 

may be useful for cross-dating, especially for 

those samples dating to earlier than 1700. 

 Biesterfeldt (site 32RM1) – In 1938, an ar-

chaeological excavation was performed at the 

Biesterfeldt site in Ransom County, 15 miles 

east of Lisbon. The research was first dis-

cussed briefly by Strong (1940) and later more 

thoroughly by Wood (1971). Neither George 

Will nor dendrochronology are mentioned in 

Strong’s paper, but Will is briefly mentioned 

in Wood’s (1971) document. Will (1946a:17) 

also mentions a sample collected from the 

“old village site of the Cheyenne Indians on 

the Sheyenne River.”  This is the sample that 

Will concluded was cut in “very probably 

1720.” A specimen (A3690) located in the 

George Will collections at the SHSND is 

tagged as “Cheyenne Village” and is presuma-

bly the same sample mentioned above. 

Zeleznik (2015) thoroughly analyzed this 

sample and was unable to come to a firm re-

sult regarding the years of its growth. The two 

sides of the samples contain only 27 and 41 

rings, far too few for good crossdating.   

 

Ecology and natural history 

The simplest method used in dendrochronology is a 

ring count. Because trees in this region generally pro-

duce a single growth ring each year, ring count will 

reveal a tree’s age. Completing a ring count across a 

number of individual trees at a given site can also tell 

us about the age of a stand. This information often 

leads to conclusions about stand establishment or the 

natural history of a site.   

Humans have impacted forest stands in North 

Dakota for a long time. Will (1946a) recounts the sto-

ry of Scattered Corn, a Mandan woman who had the 

knowledge and right to build earth lodges. According 

to Scattered Corn, oak was specified to be used in the 

construction process, and only when oak timber sup-

plies became exhausted because of growing popula-

tions did builders switch to using cottonwood. Addi-

tionally, Native Americans are assumed to have es-

tablished the isolated limber pine (Pinus flexilis) 

stand found in southwestern North Dakota (Beckes et 

al. 1982; Potter and Green 1964a). Although Potter 

and Green (1964a) speculated about the origin of the 

stand and discuss its natural history (see below), 

Beckes et al. (1982) associated a number of nearby 

archaeological sites with the limber pine.  

When Europeans moved into North Dakota, they 

harvested timber for fuel and construction materials. 

The vast majority of “old” bur oak trees found in the 

Red River Valley date to the 1870s or 1880s (cf. 

Wertz et al. 2013), though a few older trees are found 

on rare occasion (Zeleznik et al. 2016). In Beckers’s 

(2007) study of fire-killed ponderosa pine, his sam-

pling targeted those trees presumed to be the oldest in 

the area. Over one-third of the trees he sampled had 

been established in the 1860s and 1870s, suggesting 

that a large amount of timber was harvested at that 

time, allowing young seedlings to establish and grow. 

Another application of using simple ring counts 

in determining stand age has been with cottonwoods 

to determine the timing of sediment deposition and 

land formation and the impacts of those deposition/

formation processes on ecosystems (e.g., Dixon et al. 

2012; Johnson et al. 2012). Additional discussion of 

dendrogeomorphology studies is found below.   

Two studies (Beckes et al. 1982; Potter and 

Green 1964a) used the ring count technique to deter-

mine the ages of trees in an isolated limber pine stand 

in southwestern North Dakota.  Beckes et al. (1982) 

cored 45 trees and found a maximum age of 208 

years; Potter and Green (1964a) cored 50 trees and 

found the oldest to be 208 years old. Beckes et al. 

(1982:13) declared that, “an examination of decadent 

growth and decay rates suggests an estimate of 600 

years as the maximum possible age of the stand,” but 

they do not offer any details as to what that examina-

tion or analysis entails.   

Murdoff (2010) measured diameter and counted rings 

on bur oak stumps to determine if size and/or age of 

the harvested tree affected the sprouting ability of the 
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stump. All size classes of trees, from less than 12” 

diameter to greater than 24” diameter, had good 

sprouting ability if the trees were harvested in the 

winter. For those trees harvested during summer, 

sprouting ability was good between 12” and 24” di-

ameter, but declined in the smallest and largest size 

classes. We caution against extrapolating these results 

as this was a single study at a single site.   

 
How old is old? 

Trees in North Dakota face a number of stressors each 

year. Extremes are found from summer drought and 

heat to bitterly cold temperatures in the winter. Eco-

logical disturbances come in the forms of wildfire, 

floods and windstorms. Despite these challenges, a 

number of individual trees have survived to a surpris-

ingly old age. 

 

 Bur oak – In 2005, a landowner near Sheldon 

began plans to remove a very large bur oak 

from his property (Figure 2). He contacted 

North Dakota State University to determine if 

there was interest in collecting a cross-section 

from the tree. In January 2006, the tree was 

removed and a sample collected. The cross-

section was solid nearly to the center of the 

tree and contained 450 rings (Slotten and 

Zeleznik 2009). The cross-section was useful 

in crossdating samples from two historic log 

cabins in the region, though we were not able 

to successfully crossdate an archaeological 

specimen collected within 15 miles of this tree 

(Zeleznik 2015). Nelson (1948) showed a pho-

to of a large bur oak on Masonic Island in the 

Turtle Mountains and claimed its age to be 

570 years old. However, no methodology or 

hard data are presented in the document. Sam-

ples collected by Sieg et al. (1996) in this area 

dated one tree on Masonic Island to 1834 (156 

years old at the time of sampling) and another 

at Lake Metigoshe State Park to 1676 (314 

years old). Potter and Moir (1961) took a sam-

ple of a single bur oak tree in the Turtle 

Mountains, determining it to be 193 years old. 

 Green ash (Fraxinus pennsylvanica) – A study 

completed by Murdoff (2010) included a sec-

tion on the ability of bur oak trees of various 

ages to sprout from the stumps following har-

vest. Out of 115 samples, one turned out to be 

green ash. This tree was 184 years old when 

harvested, the oldest green ash that we can 

find any hard data for. The oldest green ash 

from Zeleznik and Walla’s (2010) study in the 

North Dakota Badlands was 125 years old. 

 Ponderosa pine (Pinus ponderosa) – In the 

North Dakota Badlands, Gonzalez (2001a, 

2001b) collected a core in 1996 with a pith 

date of 1526 (470 years old). It is unknown if 

this tree is still alive following the Deep Creek 

fire as mentioned in Beckers’s (2007) study. 

Beckers (2007) found two samples that were 

approximately 430 years old, dating to the 

1570s. Though these were less than half the 

age of the oldest ponderosa pine ever reported 

– 929 years (Utah) (OLDLIST 2018) – the 

ages were nonetheless impressive. 

 Cottonwood – Many people believe that fast-

growing trees tend to be short-lived. While 

some species or hybrids certainly fit this gen-

eralization, others do not. Edmondson et al. 

(2014) collected cores from 383 cottonwood 

growing along the Little Missouri River in 

western North Dakota. The oldest tree in their 

study was 370 years old, the oldest Plains cot-

tonwood ever recorded. 

 

Tree size vs. age 

A common misconception is that tree size and age are 

closely correlated. Hard data show mixed results. For 

example, in Edmondson et al.’s (2014) study of cot-

tonwood in the Little Missouri Badlands of North Da-

kota, the correlation between tree size – DBH, diame-

ter at breast height – and age showed an R2 value of 

0.79. While this correlation is relatively high, there is 

increasing variability as trees get older and larger. For 

example, a 100-year-old tree in their study could be 

as small as 35 cm or as large as 80 cm DBH. A 200-

year-old tree could range from 60 cm to 140 cm 

DBH. Harmon (2010) studied bur oak savannah in 

eastern North Dakota and northwestern Minnesota. 

Age-diameter correlation in that study showed an R2 

value of less than 0.20; however, there were only 24 

trees included in that calculation and the overall age 

range was only 86 years.   

Potter and Green (1964b) tried to correlate age 

with DBH in ponderosa pine in western North Dako-

ta, but were unable because 88% of their samples 

were less than 50 years old. However, they were able 

to show that the majority of ponderosa pine stems had 

eccentric growth, with wider rings on the east and 
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southeast sides. The authors attributed their results to 

the prevailing northwest winds in the area. Surpris-

ingly, Potter and Green (1964b) noted no false rings 

in any of their samples, which included a single in-

crement core from each of 100 trees, plus 111 cross-

sections. 

Together, the above-mentioned studies indicate 

that humans have had a major impact on North Dako-

ta’s forests. Though some forests have been impacted 

more than others, several very old individual trees 

still remain in North Dakota, scattered across the 

state. Additionally, more hard data are needed from 

the various species and sites in order to draw broader, 

landscape-level conclusions regarding climate, dis-

turbance or other ecological processes. 

 

Disturbance ecology: fires, flooding and hu-

man impacts 

Ecological disturbances such as fire, flooding and 

landslides leave their imprints on both individual 

plants and on ecosystems. With trees, some type of 

scar or wound is often created, and new tissue 

(callus) grows over the damaged area (Figure 3). In 

North Dakota, trees document disturbances in a num-

ber of ecosystems. 

In 2004, the Deep Creek fire traveled through the 

native ponderosa pine forest found in northern Slope 

County. The fire burned through the crowns of trees, 

killing them. While devastating for the ecosystem, 

this also created an opportunity for researchers to col-

lect samples from trees that recorded previous inju-

ries in their growth rings and scars. By analyzing 

these injuries, Beckers (2007) concluded that the av-

erage fire-return interval before 1900 was 28.5 years. 

After 1900, the timespan increased to more than 50 

years between fires. The conclusion was that modern 

fire-prevention and fire-management policies resulted 

in less frequent wildfire. One of the major challenges 

highlighted in this study was which scars to include 

in the dataset. That is, wounds occur for many rea-

sons, including damage due to wildlife or livestock, 

and differentiating the causes of these diverse wounds 

is not easy. 

Ice or other debris in floodwaters often wounds 

trees located next to rivers and streams.  Harrison and 

Reid (1967) used flood scars from ash trees growing 

along the Turtle River in Grand Forks County to re-

construct the flooding history of the area. The first 

part of their study involved proof-of-concept, in 

which they correlated floods of known depth and tim-

ing to the height and age of wounds on one cotton-

wood and two elm trees located in the river flood-

plain. While the authors recognized that their tech-

nique was not 100% accurate in reflecting flood mag-

nitude, they found enough consistency among the 

trees to conclude the method was sound. The second 

goal of their study was to model flood magnitude and 

return interval, based on either stream gauge data or 

information from scarred trees. Generally, they found 

good correlation between the two techniques.   

Flooding can also produce unique internal 

growth even when no external wounds are created. 

Vessels are large cells created early in the growing 

season in trees such as oak, ash and elm. If an early 

season flood occurs as the vessels are forming, they 

are much smaller in diameter (Yanosky 1983) or their 

production may drag out later into the growing sea-

son than is normal (Wertz et al. 2013). Following the 

1997 floods on the Red River, a number of studies 

capitalized on this phenomenon to determine the 

flooding history of the Canadian portion of the river 

(cf. St. George and Nielsen 2000, 2003). The authors 

found flood signatures in bur oak timbers on the Red 

River dating as far back as the year 1510. Wertz et al. 

(2013) applied this same technique to standing bur 

oak trees on the United States stretch of the Red Riv-

er. The oldest flood ring they found dated to 1862, 

but the oldest tree in their study dated to only 1853. 

Surprisingly, the 2010 Red River flood, the fifth-

largest (by peak stage) since 1900, resulted in few or 

no flood rings in Wahpeton, Fargo and Grand Forks. 

The results of the Canadian studies on the Red 

River were incorporated into plans for the expansion 

of the Red River Floodway around the city of Winni-

peg, Manitoba (Brooks and St. George 2015). Similar 

studies could be used to help planners and engineers 

in their designs for the Fargo-Moorhead diversion. 

Though a similar study is underway for the U.S. por-

tion of the Red River, it has not been completed at the 

time of this publication. 

In the late 2000s in the South Unit of Theodore 

Roosevelt National Park (TRNP), employees began 

noticing dieback on green ash trees (Zeleznik and 

Walla 2010). In 2010, researchers from North Dakota 

State University surveyed several sites within the 

park and one outside location in an attempt to deter-

mine the cause(s). Part of the survey work included 

collecting increment cores from both affected and 

non-affected sites. There were many stressors and no 

overall pattern was observed in the dieback, though it 

was later determined that the affected areas had re-
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Figure 3. Ponderosa pine sample collected from southwestern North Dakota following the Deep Creek fire 
in 2004 (Beckers 2007). Note the callus tissue growing at the bottom left and bottom right of the sample fol-
lowing an earlier wound. A smaller wound, created even earlier is just to the right of the pith. 

ceived herbicide treatments in late 2007 to control 

noxious weeds. Trees from both treated and untreated 

sites had small rings in 2008, with larger rings in both 

2009 and 2010. In some trees, the 1947 ring showed 

abnormal growth that could have been caused by a 

flood of the Little Missouri River. The oldest tree 

sampled in that survey dated to 1885.   

 

Dendrogeomorphology 

Geomorphologists study the processes that construct 

and destroy landforms. Although aerial photography 

provides a valuable tool to reconstruct recent geo-

morphic events dating back to the 1930s, trees can 

provide evidence of deposition and landform con-

struction as well as erosion and landform destruction 

for periods of a few to several hundred years in cer-

tain circumstances. 

A seminal study in dendrogeomorphology was 

performed by Everitt (1968) in the North Unit of The-

odore Roosevelt National Park (TRNP) in McKenzie 

County. Everitt collected increment cores from Plains 

cottonwood trees. Everitt (1968) used the prevailing 

ecological assumption that Plains cottonwood gener-

ally establishes on recent stream deposits near the 

channel margin to reconstruct the 225-year history of 

Little Missouri River channel and valley bottom in 

part of the North Unit. Therefore, where one finds a 

sapling, one is generally along a channel margin, 

whereas older trees provide the data to reconstruct the 

former position of a stream channel. By coring and 

dating trees across the valley bottom, Everitt (1968) 

was able to construct a map showing the ages of allu-

vial sediments and by extension the position of the 

Little Missouri River channel over a 225-year span 

from approximately the 1740s to the mid-1960s. The 

ability to reconstruct the geomorphic history of the 

valley bottom permitted a number of estimates re-

garding the evolution, destruction, and age of fluvial 

landforms. In particular, tree-ring data permitted the 

calculation of: 

 The rate of lateral channel migration across 

the valley bottom;  
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 The rate at which new floodplain was con-

structed and existing floodplain was de-

stroyed;  

 The rate by which floodplain surfaces aggrad-

ed vertically; 

 The relation between tree age and floodplain 

elevation; 

 The residence time of alluvium in the valley 

bottom;  

 The approximate age of the valley bottom 

landforms, which he established as largely 

formed in the past few hundred years, in stark 

contrast to previous studies that suggested 

formation around the end of the Wisconsinan 

Stage around 10,000 years ago. 

A more recent study (Miller and Friedman 2009), 

compared the dendrogeomorphic approach of Everitt 

(1968) with an image-comparison method to test 

some of Everitt’s findings and to gain greater under-

standing of the relations between flood magnitudes 

and the rates of floodplain formation and destruction. 

The Miller and Friedman study (2009) was set in the 

North Unit of TRNP as well and used a series of eight 

aerial photographs that were taken approximately a 

decade apart (spanning 1939-2003) to create a higher 

resolution examination of the influence of flood fre-

quency and magnitude on fluvial geomorphic pro-

cesses. This work is important because it largely cor-

roborates the approach Everitt (1968) used, thereby 

validating the dendrogeomorphic approach to recon-

struct fluvial history well beyond the timeframe of 

aerial photographs. 

Gonzalez (2001a, 2001b) reconstructed fluvial 

history in several tributary streams of the Little Mis-

souri River in Billings County using the dendrogeo-

morphic approach. The objectives of these studies 

were to determine the timing and probable causes of 

channel incision in these tributary streams and to de-

velop a process-response model to illustrate the for-

mation and evolution of streams in the Little Missouri 

Badlands. Gonzalez (2001a, 2001b) cored approxi-

mately 350 cottonwood trees along seven Badlands 

streams (Jules Creek, Jones Creek, Talkington Draw, 

Paddock Creek, Bear Creek, Dantz Creek, and Toms 

Wash). The oldest tree in this dataset had an approxi-

mate establishment date of 1770. Nearly two-thirds 

(65%) of the sampled trees established during a 40-

year interval from 1861 through the 1890s; half the 

samples (51%) established in just a 20-year interval 

from 1861 through 1880.   

In addition to providing some temporal con-

straints on the likely timing of channel incision, the 

spatial patterns of tree establishment on different 

landforms (i.e., terraces and inset floodplains) re-

vealed a detailed pattern of headcut erosion and con-

current downstream aggradation (Figures 4 and 5). 

This meant that as the point of channel incision mi-

grated upstream, sediment generated from the 

downcutting process was transported downstream. In 

some downstream reaches the sediment volume ex-

ceeded the transport capacity and sediment was de-

posited across the valley bottom leading to floodplain 

aggradation. Cottonwood trees that are buried by 

floodplain deposition by five or more meters establish 

that the channel and floodplain in some reaches of a 

stream can aggrade at the same time that the channel 

is incising or downcutting in other reaches. 

One of the earliest applications of dendrogeo-

morphology in North Dakota was performed by Aro-

now (1957) in his analysis of lake level fluctuations 

in the Devils Lake and Stump Lake basins, Ramsey 

County. Though it is a stretch to call this a dendro-

geomorphology study, the author did collect a single 

bur oak stump from Stump Lake which contained ap-

proximately 100 rings. Radiocarbon dating of the 

sample (see Broecker et al. 1956) indicated the sam-

ple was 500 ± 400 years old. (Curiously, Aronow 

listed the results of the radiocarbon analysis as 500 ± 

200 years old.) 

Despite the wide range of potential ages for that 

single sample, Aronow postulated that trees estab-

lished in well-watered positions along the shoreline 

of Stump Lake during dry periods when lake level 

declined but were killed by rising lake levels during a 

shift to wetter climatic conditions. He used the radio-

carbon age (loosely defined as 500 ± 200 years before 

present) of a tree stump to speculate that trees estab-

lished at a comparatively low lake level during a dry 

period; then these trees were submerged by rising 

lake levels, presumably coincident with a moister pe-

riod from about 1440 to 1850, a period also referred 

to as the Little Ice Age. Aronow indicated that Will 

(1946a) had produced a chronology from another bur 

oak from Stump Lake, but Will’s Stump Lake sample 

and chronology have not yet been examined or veri-

fied by modern dendrochronological techniques. Aro-

now’s sample from Stump Lake is currently housed 

in the F.D. Holland, Jr. Geology & Geological Engi-

neering Library at the University of North Dakota. 
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Figure 4. The time of stream incision within a given reach is constrained by the age of the youngest cotton-
wood tree on the abandoned surface (i.e., terrace) and the oldest tree on the inset active floodplain surface. 
Adapted from Gonzalez (2001b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. In an aggrading system where sediment is being stored and the valley floor elevation has risen, es-
tablished trees become partially buried. Cottonwood trees send out adventitious roots from the buried trunk 
into the encasing sediment as a way to survive partial burial. Young and old trees appear to occupy the same 
geomorphic surface, though the older trees established on a surface that has become buried since the estab-
lishment of the younger cottonwood tree. Adapted from Gonzalez (2001b). 
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Dendroclimatology and dendrohydrology 

Climatic variability, particularly the frequency and 

severity of drought across the northern Great Plains, 

and the great dependency of the region’s agricultural 

economy on precipitation makes analysis and under-

standing of climate patterns extremely important. His-

torical weather records for the northern Great Plains 

are comparatively short (few stations have data pre-

ceding the 1880s), so the ability to put historical 

droughts, such as the Dust Bowl era of the 1930s, into 

a long-term perspective is limited for the region. Den-

droclimatology uses the annual growth characteristics 

of trees to reconstruct climatic conditions over dec-

ades or centuries and to extend understanding of cli-

matic patterns and drought conditions well beyond 

historical records. 

The northern Great Plains is sparsely treed, 

which presents inherent challenges in finding suitable 

specimens for dendroclimatology. The few trees that 

do establish and grow in the area are subjected to fire, 

drought, herbivory, floods, and human impacts leav-

ing few trees of suitable age for dendroclimatic analy-

sis. Nevertheless, several dendroclimatic studies have 

been initiated or completed in North Dakota 

(Edmonson et al. 2014; Gonzalez 2001a, 2001b; Me-

ko et al. 2015; Sieg et al. 1996; Stockton and Meko 

1983). Most of these studies have examined the tree-

ring record and climatic response of ponderosa pine, 

bur oak, and Rocky Mountain juniper. Recently, Ed-

mondson et al. (2014) successfully demonstrated the 

utility of Plains cottonwood for reconstruction of 

streamflow and precipitation. 

As previously mentioned, George Will attempted 

some early dendroclimatic analysis in the 1940s. 

Will’s studies did not have the benefit of modern den-

drochronological techniques or computer analysis; 

therefore these works were imprecise. The first den-

droclimatic study in North Dakota to use modern re-

search techniques was performed by Stockton and 

Meko (1983). They collected increment cores from 

17 sites across eight states (Arkansas, Iowa, Montana, 

Nebraska, North Dakota, Oklahoma, South Dakota, 

and Wyoming). The Burning Coal site in Slope Coun-

ty was the only site in North Dakota included in the 

study. The Burning Coal data set contained 20 sam-

ples with tree rings as far back as 1900, 18 samples to 

1800, eight samples to 1700, and one sample back to 

1600 or earlier. Stockton and Meko (1983) found that 

the annual tree-ring indices from sites across the 

Great Plains, including the Burning Coal site, were 

most strongly correlated with the precipitation from 

September of the previous year through August of the 

current tree-ring year. This means that annual tree 

rings may not accurately reflect short-lived weather 

events, such as individual summer storms, but they do 

well in reconstructing the fluctuation of annual mois-

ture from the end of the preceding growing season to 

the end of the current growing season (September 

through August). At the Burning Coal site, the coeffi-

cient of determination, R2, indicated that the variation 

in annual precipitation (from September of the previ-

ous year through August of the current tree ring) can 

account for 44 percent of the variation in the tree-ring 

record. Stockton and Meko (1983) also illustrated that 

drought years and non-drought years tend to cluster. 

At their sites, tree-ring records indicated major 

droughts during the mid-1930s, the mid-1890s, the 

1860s, the early 1820s, and the late 1750s.   

Gonzalez (2001a, 2001b) conducted a prelimi-

nary analysis of cores and slabs from 82 living and 

dead ponderosa pine trees from private ranches and 

U.S. Forest Service lands in Slope County and near 

the Burning Coal site of Stockton and Meko (1983). 

The oldest tree in the Gonzalez (2001a) study had an 

inner tree ring from 1526. This sampling effort found 

a greater number of older trees to study than did 

Stockton and Meko (1983). Of the 30 trees selected 

for analysis, all 30 had tree rings as far back as 1800, 

28 samples to 1700, and eight radii (cores) from three 

trees to 1600.   

Drought comparable to, or more severe than, the 

historic Dust Bowl drought of the 1930s occurred ap-

proximately three to four times per century through-

out the tree-ring record (Figure 6). The dendroclimat-

ic signal found by Gonzalez (2001a) was similar to 

that reconstructed by Stockton and Meko (1983). 

Sieg et al. (1996) sought to enhance the dendro-

climatic data from the northern Great Plains by col-

lecting increment core samples from trees at 23 sites 

throughout North Dakota, South Dakota, and Iowa. 

Six of these sites were in North Dakota (see also Ta-

ble 1), including: 

 Masonic Island (Bottineau County) – bur oak 

chronology back to 1676 

 Bear Island (Bottineau County) – bur oak 

chronology back to 1782 

 Cross Ranch (Oliver County) – bur oak chro-

nology back to 1788 

 Killdeer Mountains (Dunn County) – bur oak 

chronology back to 1777 
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 Theodore Roosevelt National Park (Billings 

County) – Rocky Mountain juniper chronol-

ogy back to 1597 

 Burning Coal Vein (Slope County) – ponder-

osa pine chronology back to 1592. 

The tree ring widths from all sites were analyzed by 

correlating ring width with either “annual” precipita-

tion or “seasonal” precipitation (three-month time 

frames). Annual precipitation periods can be from 

September of the previous year through August of the 

current year, or perhaps July of the previous year 

through June of the current year. The Burning Coal 

Vein site produced the longest tree-ring chronology 

in North Dakota and had the strongest climate corre-

lation. Specifically, tree ring width was highly corre-

lated (r = 0.70) with annual precipitation (September 

of the previous year through August of the current 

year), although the correlation for the April through 

July precipitation record was only slightly lower (r = 

0.66). The Theodore Roosevelt tree-ring chronology 

for Rocky Mountain juniper had similarly strong cor-

relations to annual precipitation (r = 0.62 for preced-

ing July through June of tree-ring year) and seasonal 

precipitation (r = 0.59 for April through July). 

The bur oak chronologies for the most part tend-

ed to be comparatively short, lacked sample depth 

beyond the mid-1800s, and displayed a much weaker 

correlation to precipitation records. Sieg et al. (1996) 

concluded that oak sites in North Dakota will require 

additional old trees to produce reliable tree-ring in-

formation much beyond the period of instrumental 

weather records. Interested readers should know that 

the tree-ring chronologies produced by Sieg et al. 

(1996) have been catalogued in the International Tree 

Ring Database (see Table 1) and can be accessed 

through the web at:  https://www.ncdc.noaa.gov/data-

access/paleoclimatology-data/datasets/tree-ring. 

A recent paper by Edmondson et al. (2014) ex-

amined the utility of Plains cottonwood in dendrocli-

matic and paleo-streamflow reconstructions. Their 

study took place in the North Unit of TRNP in 

McKenzie County and included the same stand that 

Everitt examined in his 1968 publication. Among the 

discoveries in this work were some major revelations. 

First, this study showed Plains cottonwood trees at 

this latitude contained a strong climatic and stream-

flow signal. The annual tree-ring indices were strong-

ly positively correlated with local growing season 

(April-July) precipitation and soil moisture condi-

tions (r = 0.69). Also, the tree-ring chronology was 

significantly correlated with June-July PDSI (Palmer 

Drought Severity Index) of the northern Great Plains 

and could possibly reconstruct nearly 50% of the var-

iability in summer PDSI. Second, Edmondson et al. 

(2014) found a stand of cottonwood that was remark-

ably old. The oldest tree in their sample was 370 

years old, making it the oldest Plains cottonwood ev-

er documented (Edmondson et al. 2014). They found 

numerous trees greater than 150 years old, with 

enough to produce a reliably strong climatic signal 

back to 1744. Third, their tree-ring record successful-

ly detected known droughts during the instrumental 

period (e.g., droughts of the mid-1930s and early 

1980s) and earlier droughts documented by other 

paleoclimatic studies (e.g., the droughts of 1816-1823 

and 1856-1865).   

Prior to the Edmondson et al. (2014) study, most 

tree-ring specialists had assumed that riparian trees, 

Plains cottonwood included, would have a compla-

cent annual tree-ring record because growing season 

moisture would be fairly constant in an environment 

near perennial streams and near the water table. Also, 

many had dismissed cottonwood as a potential source 

of pre-historic climatic information because it was 

widely assumed that (1) this species is not particular-

ly long-lived; (2) annual growth rings can be indis-

tinct; and (3) the forest containing cottonwoods have 

typically been greatly impacted by agriculture, flood-

plain inundation by reservoirs, water table lowering, 

flow alterations from operation of dams, and live-

stock grazing (Edmondson et al. 2014; Johnson et al. 

1976), along with fuel use for early steamboat travel 

on the Missouri River during the nineteenth century 

(Fenn 2014).   

VanStone (2012) also attempted a streamflow 

reconstruction utilizing tree rings. Her study used bur 

oak in the Souris River basin in Saskatchewan (five 

sites), Manitoba (four sites) and North Dakota (five 

sites). Analyses showed that streamflow was more 

closely correlated with latewood (part of annual 

growth ring developed when rate of annual radial 

growth declines; latewood is typically the darker part 

of the annual growth ring) width than to total ring 

width. With this technique, VanStone was able to re-

construct streamflow values back to 1726; the earliest 

gauge records (from Saskatchewan) for the Souris 

River date to only 1931. 

 

Dendroarchaeology 

As European settlers moved into the northern Great 

Plains, the demand for fuelwood and construction 
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Figure 6. Record of three-year running-average tree-ring indices from ponderosa pine in Slope County, 
North Dakota. Indices near 1.0 indicate near-normal annual moisture conditions.  Indices greater than 1.0 
correlate to years of above average precipitation and indices less than 1.0 to dry years (from Gonzalez 
2001a). Indices from 1607 and earlier considered tentative due to small sample depth. 

materials was enormous. Oak was the preferred con-

struction material for both the new settlers and for 

Native Americans when constructing earth lodges 

(cf. Will 1946a). However, when oak was not availa-

ble, people switched to whatever other materials were 

available. For example, Native American earth lodge 

builders switched from oak to cottonwood when sup-

plies of the former were depleted (Will 1946a). Will 

also mentions that, when a village was moved by na-

tive peoples, logs from the old village were some-

times re-used in the construction of the new village. 

In central and western North Dakota, ponderosa pine, 

Rocky Mountain juniper and cottonwood were used 

as construction material. Green ash and American 

elm (Ulmus americana) were used on occasion, 

though very few buildings made of these materials 

still exist. All of these species, except for American 

elm, tend to crossdate well and lend themselves to 

dendrochronology studies.   

Using tree ring analysis to date construction ma-

terials or other wooden items is one of the applica-

tions of dendroarchaeology. As mentioned earlier, 

George Will (1946a) attempted to apply dendrochro-

nology techniques to the dating of many logs collect-

ed from Native American sites. A modern assessment 

of a single log collected from the Biesterfeldt site 

was not able to confirm Will’s conclusions on the 

growth years of the sample (Zeleznik 2015).  

Standing historic architecture is also an excellent 

source of data for dendrochronologists. While many 

samples have been collected from log buildings in 

North Dakota, much of the work remains un-

published (Zeleznik 2017). A log building that origi-

nated from Horace, North Dakota is mentioned in a 

report on log buildings from neighboring Clay Coun-

ty, Minnesota (Zeleznik et al. 2016; Figure 7). Addi-

tionally, a 450-year-old bur oak tree was used to 

crossdate samples from two log buildings near Lis-

bon, North Dakota (Slotten and Zeleznik 2009). In-

terestingly, the earliest rings from that bur oak tree 

pre-date any sample collected from log cabins, even 

though the buildings were constructed from trees har-

vested in the 1870s.   

Many old log cabins were moved and repaired/

restored in the 1970s and 1980s. A number of these 

can be found in city parks or at local county muse-

ums. Additionally, at least five North Dakota State 

Historic Sites contain standing log buildings or their 

remnants: 

 Wadeson (32BA32) – Kathryn, Barnes Coun-

ty. The Wadeson Cabin was built in 1876 

along the Sheyenne River of hand-hewn bur 

oak. It was restored in 1981. 

 Gingras Trading Post (32PB101) – Walhalla, 

Pembina County. Two log buildings stand at 
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Figure 7.  Examples of log buildings that remain in the Red River Valley region of North Dakota and Minne-
sota.  BHC – Bernhardson Cabin (NRHP – 80002011), BHH – Bernhardson House, BBS – Burbank Station 
(a.k.a. Historic Log Cabin), BQS – Bergquist Cabin (NRHP – 80002014), PFD – Probstfield House (NRHP – 
80002019), HRC – Horace.  From Zeleznik et al. (2016). 
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the Gingras State Historic Site, a two-story 

trading post and a one-story house. Both 

buildings have been restored but only the trad-

ing post has exposed logs. The trading post is 

the oldest standing building in North Dakota, 

constructed in 1844. 

 Walhalla State Historic Site (a.k.a. Kittson) 

(32PB66) – Walhalla, Pembina County. This 

building was constructed in 1852 by Norman 

W. Kittson in what is present-day Walhalla.  

The building was moved to its current loca-

tion in 1904.   

 Camp Hancock (32BL26) – Bismarck, Bur-

leigh County. A log headquarters building still 

stands, though the logs are hidden by clap-

board siding. A few logs are visible in one 

corner; we believe that they are cottonwood. 

Located at 101 East Main Avenue. 

 Fort Abercrombie (32RI777) – Abercrombie, 

Richland County. The log guardhouse at Fort 

Abercrombie is original, constructed in 1862. 

However, the three blockhouses are replicas, 

constructed in a Works Progress Administra-

tion project in 1939-1940.   

Where dendrochronological techniques have 

been unsuccessful (cf. Zeleznik 2015), researchers 

may want to consider using radiocarbon dating to de-

termine the ages of wood artifacts or construction ma-

terials. Caution must be exercised, though, as direct 

comparisons between the two techniques in this re-

gion have not been done. Johnson (2007) compared 

results on dendrochronology studies to radiocarbon 

dates for several archaeological sites in the region and 

found that the radiocarbon dates were often 200-500 

years older than those suggested by tree-ring analysis. 

It is unclear what specimens were used to establish 

those radiocarbon dates. Additionally, the single bur 

oak sample that was radiocarbon dated in Aronow’s 

(1957) study of Stump Lake suggested that the wood 

was 500 ± 400 years old, a rather large error range. 

 

Opportunities 

Dendrochronology research in North Dakota has a 

long a history and diverse applications. Though some 

of the studies have been simple, others have been 

more in depth and all offer insights into various as-

pects of North Dakota’s natural landscapes and its 

history. Forests in North Dakota are found mainly in 

riparian areas and in those locations dominated by 

rugged topography; thus, there are often large dis-

tance gaps among the various study sites. Neverthe-

less, there are myriad opportunities for future re-

search.   

The long-term goal of our current efforts is to 

build a series of localized master chronologies that 

cover North Dakota geographically, and extend back 

in time as far as possible. Those local master chronol-

ogies would provide a basis for dating artifacts or 

samples for which calendar dates are unknown. An 

example where this would be used is in future exca-

vations of Native American village sites, or perhaps 

as part of a re-analysis of previously excavated items. 

A number of local bur oak chronologies have been 

started by the senior author; most of them are in east-

ern North Dakota.   

Additionally, such a series of local chronologies 

could be combined together as part of a broader anal-

ysis on past climatic conditions of North Dakota. 

Drought recurrence is a very important topic in this 

agriculture-dominated state. In addition to the region-

wide drought of the 1930s, a severe drought occurred 

in the early 1860s (Zeleznik et al. 2016). This drought 

was one of the factors involved in the Dakota War 

(Clodfelter 1998). Future research could help eluci-

date other climatic conditions that contributed to re-

gional growth, migration or conflict among native 

peoples. 

One of the biggest challenges to reaching this 

goal is the paucity of “old” samples that are currently 

available. Standing trees often provide samples dating 

into the 1800s or even late 1700s. Rarely do modern 

trees date into the 1600s and, amazingly, four tree 

samples in North Dakota have dated to the 1500s. 

Samples from log cabins or Native American village 

sites strengthen chronologies in the 1800s and extend 

to the early 1700s, with a few logs dating into the 

1600s.   

It will be difficult, but not impossible, to find fur-

ther samples beyond that time frame. For example, 

we currently are working on expanding the flood his-

tory of the Red River of the North in eastern North 

Dakota. As part of this project we are searching for 

sub-fossil logs, those buried in sediments along the 

river. On the Canadian portion of the Red River, sub-

fossil logs have dated into the late 1200s (cf. St. 

George and Nielsen 2003).   
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