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DISCUSSION 
T he la ndslides and la ndslide com plexes depicted on this m a p were delinea ted 
using historica l a eria l photographs, recent digita l a eria l im a gery, and hillsha de 
m odels produced from  Light Detection and Ranging (LiDAR) eleva tion da ta . 
T hese la ndslide area s were digita lly m a pped between 2016 and 2023 using 
Geographic Inform a tion System s (GIS) pla tform s a t va ria ble sca les and 
published a t a  sca le of 1:24,000 in 1,464 individua l 7.5’ qua drangle m a ps tha t 
cover the sta te. During this inventory 58,891 landslide area s were identified 
from  their surfa ce geom orphology ca ptured in the m ost recent LiDAR 
collections. T he a ctua l num ber of individua l la ndslide area s is likely to be 
som ewha t higher since m a ny of these area s were m a pped as la ndslide 
com plexes which m a y conta in severa l individua l slides. 
Historica l a eria l photography utilized in the initia l identifica tion of la ndslide 
area s consisted of 1:20,000 paper photographs from  the U .S. Departm ent of 
Agriculture’s flights spanning the yea rs from  1952 to 1965. Recent a eria l 
im a gery from  the Na tiona l Agricultura l Im a gery Progra m  (NAIP), ranging 
prim a rily from  1997 to 2022, was a lso reviewed when a va ila ble either in the 
desktop m a pping environm ent or within the Google Earth pla tform . NAIP high 
resolution sa tellite im a gery wa s a lso overla in on assorted eleva tion da ta sets. 
Sha ded relief (hillsha de) m odels, crea ted from  QL2 and QL3 LiDAR digita l 
eleva tion da ta sets collected between 2008 and 2017, were used to upda te 
previous inventory m a pping where only a eria l photos were used. T hese 
m odels served as the basem a p for fina l inventory m a pping. 
T hroughout the sta te, rega rdless of the surfa ce lithology, la ndslides of va rying 
sizes occur a long the edges of floodpla ins where fluvia l erosion has 
underm ined the base of the va lley wa lls. Slopes a lso becom e oversteepened 
during hum a n ea rthwork, especia lly a long old ra ilroa d and roa d cuts, 
exca va tions for buildings, or well pa ds a t the base of slopes. T his a ctivity ca n 
com prom ise previously stable slopes or rea ctiva te older slope fa ilures, 
especia lly portions of la rger la ndslides where gla cia l m eltwa ter ca rved deep 
ra vines into bedrock. In western North Da kota , ice a ge downcutting by the 
M issouri River and its tributa ries exposed steep outcrops of Pa leocene 
sandstone, siltstone, m udstone, and lignite. T hese rocks are usua lly wea kly-
cem ented and prone to fa ilure in la rge rota tiona l slum ps with well-defined 
hea d sca rps and toes. T his is com m on in the Little M issouri ba dla nds, where 
la ndslide com plexes ca n stretch uninterrupted for severa l m iles. 
In eastern North Da kota , exposures of bedrock are rare as repea ted gla cia tions 
ha ve da m pened m uch of the topography and covered it in gla cia l sedim ent. 
Conversely, outburst floods cut deep m eltwa ter trenches into Creta ceous 
sha les in the Pem bina  Gorge and Sheyenne River V a lley. Sha le, cla ystone, and 
m udstone, as well as sedim ent rich in swelling cla ys, are the wea kest and m ost 
fa ilure-prone lithologies in the sta te, especia lly where they occur in steep 
slopes. Even the very m odera te slopes of ea stern North Da kota  frequently fa il 
where they occur in expansive gla cia l la ke cla ys, m ostly a long rivers and 
strea m s and engineered slopes in the Red River V a lley. 
Landslides in North Da kota  are thought to range in a ge from  the Pleistocene to 
recent, a lthough som e la rge slum ps around the m a jor buttes in southwestern 
North Da kota  could be older. Slum p blocks becom e increa singly 
unconsolida ted through tim e, often brea king down into com plexes of sm a ller 
la ndslides or eventua lly sta bilizing and becom ing overprinted by colluvium  
(slopewa sh). Sm a ller la ndslides a long a ctive rivers ca n quickly erode a wa y. 
New la ndslide a ctivity continues to be identified as NDGS m a pping progresses 
from  inventory m a pping into tem pora l ana lysis through the interpreta tion of 
repea t LiDAR da ta  sets. T his m a p represents the first com prehensive la ndslide 
m a pping inventory com pleted for the sta te of North Da kota . 
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